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Welcoming Address 

Héctor L. Santiago, Ph.D. 
Chairman of the Board and Chief Executive Officer 

Good Evening! It is my pleasure to welcome you all to the Opening Ceremony of the 
49th Annual Meeting of the Caribbean Food Crops Society. This year we celebrate our 
meeting jointly with the Caribbean Agroeconomic Society (CAES) and the International 
Society for Horticultural Sciences. I will like to extend a special welcome to the 
members of these societies and gratefully acknowledge the presence of the 
distinguished persons that accompany us in the Head Table. 

Honorable Devant Maharaj, Minister of Food Production and President of the CFCS; 
Professor Clement Sankat, Pro-Vice Chancellor and Campus Principal, University of 
the West Indies, Trinidad; Professor Carlisle Pemberton, Dean of the Faculty of Food 
and Agriculture, UWI, and President of the Caribbean Agroeconomic Society; Professor 
Margrethe Serek, Representative of the International Society for Horticultural Sciences; 
Dr. Rohanie Maharaj, Associate Professor at The University of Trinidad and Tobago 
and President of the Technical Committee; and Dr. Mario Fortune, Chief Technical 
Officer, Ministry of Food Production and President of the CFCS Local Organizing 
Committee. 

I am very pleased to recognize the presence today of Honourable Jairam Seemungal, 
Minister of State in the Ministry of Food Production; Myrna Thompson, Permanent 
Secretary, Ministry of Food Production; Ms Joan Hannibal-Phillips, Deputy Permanent 
Secretary, Ministry of Food Production; Mr. Matthew Lee, Deputy Permanent 
Secretary, Ministry of Food Production; Mr. Lennox Chandler, Deputy Permanent 
Secretary, Ministry of Agriculture of Barbados; Mr Barton Clarke, Representative in 
Trinidad and Tobago of the Food and Agriculture Organization (FAO); Mr Gregg 
Rawlins, Trinidad Representative of the Inter-American Institute for Cooperation in 
Agriculture (IICA); Mr. H. Arlington Cheesney, Representative of the Caribbean 
Agricultural Research and Development Institute; Deep Ford, Sub-Regional 
Coordinator for the Caribbean of the Food and Agriculture Organization of the United 
Nations; Dr. Majeed Mohammed, Representative of the International Society of 
Horticultural Sciences (ISHS); Lawrence Wilson, Emeritus Professor; Chairmen and 
Chief Executive Officers of State Boards; International and regional scientists, Agri-
business representatives, Members of the Local Organizing Committee and sponsors of 
this conference. 

This is the fifth time that the CFCS celebrates this meeting in the city of Port of Spain, 
Trinidad. We are delighted to return to Trinidad after an absence of 12 years. Our 
Society has met in Trinidad in 1968, 1975, 1985, and 2001. Next year, the CFCS will 
celebrate its 50th Annual Meeting in the Virgin Islands, where we had our first meeting in 
1964. This will be a special event to reflect on the accomplishments that the society 
has had and to think about the society's future and how it can strongly continue to 
support Caribbean agriculture. This occasion should bring all of us together to celebrate 
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and remember those individuals for their contributions to the society during its 50 years 
of existence. We should take time to recognize the work and honor the individuals that 
came before us and to whom we owe the existence of this society. 

The CFCS is grateful to the government of the Ministry of Food Production of Trinidad 
and the University of the West Indies for hosting our reunion and acknowledges the 
challenges and dedication of the Local Organizing Committee towards this event. The 
main theme of this year's reunion is "Agribusiness Essential for Food Security: 
Empowering Youth and Enhancing Quality Products" This is an important theme for 
agriculture since the consumer demands high quality products to supply a very 
competitive market. The agriculture worldwide needs well-prepared young minds that 
can embrace the agricultural sector and develop sustainable agricultural production in 
harmony with the environment and the natural resources and that can improve the 
quality of life of the citizens living in rural areas. To address this important topic, we are 
honored to have as speaker for the Lewis - Beckford Memorial Lecture, Professor 
Clement Sankat, Pro-Vice Chancellor and Campus Principal of the St. Augustine 
Campus of the University of the West Indies, Trinidad. 

The scientific program for this year is very diverse with over 100 scientific presentations 
focused on the thematic areas of Agribusiness, Staples, Vegetables, Fruits and Pulses, 
Extension, Youth Empowerment, Strategic Commodities, Aquaculture and Livestock, 
Irrigation, Fertilizer and Weeds, Agro-Ecology and Soils and Invasive Species. The 
program this year includes a Farmers Forum, a Scientific Poster Session and 
Reception, and three concurrent field trips to visit an array of sites that showcase the 
agricultural and tourism sectors of this beautiful island. During our traditional Banquet 
the CFCS is pleased to honor: Prof. Clement K. Sankat, Hon. Devant Maharaj, Bruce 
Lauckner and Dr. Mario Fortune for their longtime commitment to this Society in 
furthering the development of food production in the Caribbean Basin and their 
engagement with the CFCS to make this year meeting a successful one. 

As a part of the program we will include our eight symposia on Invasive Alien Species 
that is sponsored by the Tropical/Subtropical Agricultural Research Program (T-STAR) 
of the universities of Florida, Puerto Rico and the U.S. Virgin Islands. Scientists from 
the universities of Puerto Rico and Florida are organizing the symposium. I would like 
to recognize Dr. José Carlos Rodrigues, Researcher of the UPR - AES, and Dr. Gilly 
Evans, Associate Director of International Programs at IFAS - UFL, for their 
commitment in organizing this symposium and their continuous efforts to maintain the 
topic of invasive species an important one for the Caribbean region. 

Many institutions and organizations contributed to the success of this meeting. We 
welcome the generous support from the Agricultural Development Bank, the Food and 
Agriculture Organization (FAO), the Inter-American Institute for Cooperation on 
Agriculture (IICA), The National Agricultural Marketing and Development Corporation 
(NAMDEVCO), the University of Trinidad and Tobago, the Technical Centre for 
Agricultural and Rural Cooperation, and the Tropical and Subtropical Agricultural 
Research program (TSTAR) and invite them to continue participating and collaborating 
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in future meetings. We thank the directors of these organizations for their strong support 
in every aspect of our meetings. 

We also acknowledge the support of the Sugar Cane Feed Centre, Caribbean 
Chemicals, Mafas Limited, and Carlsen Chemical Limited. 

The members of the CFCS, CAES and the ISHS are very grateful to all sponsors and 
recognize that without their support this meeting could not be achieved successfully. 
Thank you very much for your support. 

At this time I would like to recognize the members of the CFCS Board of Directors. The 
Vice Chairman of the Board, Prof. Kwame Garcia, Director of the Agricultural Extension 
Service of the University of the Virgin Islands. The Secretary, Dr. Wilfredo Colon, 
Dean of the School of Science and Technology of the Universidad del Este in Puerto 
Rico. The Treasurer, Dr. Alberto Beale, Director of International Programs at the 
Mayaguez Campus of the University of Puerto Rico. This year's CFCS President, the 
Honorable Devant Maharaj, Minister of Food Production of Trinidad. 

The Board members from the English-speaking sector of the Caribbean: 

• Mr. Barton Clarke, Chief Agricultural Officer of Barbados and President of 
the Local Organizing Committee 

• Prof. Dione Clark Harris, CARDI, Jamaica 
• Prof. Kwame Garcia, Virgin Islands 

The Board members from the French-speaking Caribbean: 

• Dr. Isabelle Jean Baptiste, AMADEPA, Martinique 
• Mr. Marceau Farant, INRA, Guadeloupe 
• Dr. Jean Louis Diman, INRA, Guadeloupe 

The Board members from the Spanish-speaking Caribbean: 

• Mr. Jerry Dupuy, Dubar Corporation, Dominican Republic 
• Mr. Rafael Pérez Duvergé, IDIAF, Dominican Republic 

The Board member from the Dutch-speaking Caribbean is Prof. Robert Tjien 
Fooh from ADEKUS, Suriname 

The members of the Advisory Board are: 

• Dr. Victor Villalobos, IICA, Costa Rica 
• Dr. Guy Anais, Guadeloupe 
• Mr. Kofi Boateng, University of the Virgin Islands 
• Dr. H. Arlington Chesney, CARDI, Trinidad y Tobago 
• Mr. Bruce Lauckner, CARDI, Trinidad and Tobago 
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• Dr. Elvin Roman-Paoli, UPR, Puerto Rico 
• Mr. Brian Crichow, MOA, Cayman Islands 
• Dr. Harry Ozier-La Fontaine, INRA, Guadeloupe 
• Ing. Juan José Espinal, CEDAF, Dominican Republic 
• Dr. Dominique Polti, CIRAD, Guadeloupe 
• Dr. Carlton Davis, IFAS, University of Florida, USA 
• Dr. Jack Rechcigl, IFAS, University of Florida, USA 

I would like to express our appreciation to all participants for coming here today. The 
CFCS plans for the meeting to be professionally rewarding and hope that you will be 
able to network with your colleagues from the various countries in the Greater 
Caribbean Basin. 

I am looking forward to the presentations and discussions as you all are, and I am 
confident that the exchange of ideas and experiences will be highly enriching and useful 
for all of us. 

Thank you. 
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A STUDY OF CANDIDATE BIOMASS BRIQUETTES FOR LOCAL FUEL 
CONSUMPTION 

R. Manbodh, E. John, and P. Bridgemohan. Centre for Bioenergy, Agriculture and Food 
Technology, University of Trinidad and Tobago 

ABSTRACT: Charcoal briquettes are widely used in Trinidad and Tobago for outdoor 
recreational cooking. This study evaluated two invasive plant species Syzygium and 
Gliricidia as well as dry coconut husks as raw materials for charcoal briquettes. 
Samples were collected, dried and made into charcoal from a method adopted from MIT 
D-Lab. Cassava porridge was used as a binder for combining crushed charcoal 
samples into cylindrical briquettes using a manual mold and mechanical press. Each 
charcoal briquette sample was tested for burning time, ash content, calorific value, 
organic carbon, moisture content and phosphorus content. All three charcoal briquette 
samples displayed burning times of 2.5-3 hours, ash content 8-11%, calorific values 
6100-6700 Kcal/Kg, organic carbon 2-4%, moisture content 10-16% and phosphorus < 
1.5%. These results are comparable to briquettes sold commercially and validate further 
research into commercializing charcoal briquettes from the sample raw materials. 

Keywords: Charcoal Briquettes, Syzygium, Gliricidia, Dry coconut husks, Fuel 

Introduction 

Trinidad and Tobago consumes notable amounts of charcoal briquettes for recreational 
cooking. Most of the charcoal briquettes used are imported from USA and Guyana while 
a small amount is supplied by an unregulated local cottage industry. The demand for 
charcoal can potentially be met locally and developed into sustainable businesses as 
well as provide fuel security in this market. This project attempted to select feasible 
candidate raw materials to develop a quality charcoal briquette product. 

Syzygium and Gliricidia are invasive plant species found throughout Trinidad and can 
be logged sustainably to form charcoal briquettes. Dry coconut husks are usually left to 
decompose in fields or sent to landfill sites. As such, they were considered ideal 
candidates to explore for charcoal briquette manufacturing. 

Methods 

Making Charcoal: The charcoal making process was adapted from instructions 
provided by MIT D-lab and further supported by similar instructions from Practical 
Action, UK. Both teams developed a low-cost method to produce charcoal for fuel in 
poor developing countries such as Haiti. Syzygium and Gliricidia cuttings about 30 cm in 
length were sourced at UTT Waterloo Campus as well as dry coconut husks leftover 
from oil extraction on site. Samples were allowed to dry for at least 6 weeks. They were 
then assembled one at a time, into a metal barrel with a one square foot hole cut on top 
and five smaller holes cut at the bottom. The bottom holes were stuffed with old 
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newspapers and the barrel was fitted on top of three bricks. Dried samples were 
arranged inside the barrel along with a 5-foot wooden stick extending out of the barrel 
and the newspaper below was set alight. After 10-15 minutes, when the dried samples 
inside the barrel was caught alight and flames were emerging from the top hole in the 
barrel, the barrel was removed from the bricks and placed flat on the ground. The stick 
was removed and the hole on top was covered with a metal cover and the edges sealed 
with sand. After 3-4 hours, the cover was removed and the charcoal material was 
collected. 

Forming Briguettes: Each charcoal sample was manually crushed into fine pieces or 
powder. Cassava porridge was made by finely grating about 500 g of cassava and 
adding to 1.5 L of warm water to create a cassava binder. This was then split between 
the three samples of charcoal and mixed until a handful of charcoal/binder mixture 
retained its shape when squeezed by hand. The briquettes were made with a custom 
welded mold as well as a mechanical press located on site. The formed briquettes were 
allowed to dry for three to five days in the greenhouse. 

Charcoal Analysis: Each charcoal briquette sample was tested for burning time, ash 
content, calorific value, organic carbon, smoke, moisture content and phosphorus 
content using the following methods adopted from UN's Food and Agriculture 
Organisation guidelines. 

Burning time: The larger mechanically-made briquettes were set on top of a wire-
gauze over a Bunsen burner for 10-15 minutes until they caught alight properly. Time 
was noted for the entire briquette to burn out (become cold). 

Ash Content: The briquettes above for burning times were weighed before and after 
burning and ash content was expressed as a percentage of the ash weight compared to 
the original weight. 

Calorific Value: Calorific value was determined using a PARR 1261 oxygen bomb 
calorimeter. 

Moisture Content: Three grams of each charcoal briquette was weighed in triplicate in 
crucibles and placed in a drying oven at 105° C for three hours then weighed. The 
samples were placed back into the oven and measurements were taken every 
subsequent hour until there was no notable change in mass. The total weight loss was 
used to calculate the average percentage moisture content in each charcoal sample. 

Organic Carbon and Phosphorus: Samples were sent to a testing facility and results 
were provided. 

Results and Discussion 

Mechanically formed briquettes maintained their structural integrity better than the 
briquettes made with the manual mold (Figure 1). This result suggests that the cassava 
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binder was insufficient or ineffective as binding agent for small-scale production. Further 
research can be done into more environmentally friendly binders. 

Figure 1. Finished Charcoal Briquettes. 

The chemical composition and combustion properties of the syzygium, gliricidia and 
coconut husk briquettes are presented in Table 1. They all show similar values within 
each parameter as well as being similar to published data from commercial coconut 
briquette manufacturers (Sastha Power). Burning times of 2.5-3 hours, ash content 8-
11%, calorific values 6100-6700 Kcal/Kg, organic carbon 2-4%, moisture content ΙΟ-
Ι 6% and phosphorus content < 1.5% were noted. 

The long burning times, lack of smoke and low ash content makes all the briquettes 
attractive options for recreational cooking. However, syzygium briquettes appear to 
have an overall better rating. The 30 minute longer burning time of the syzygium 
briquette compared to gliricidia and coconut husk briquettes was probably due to the 
test briquette being about 20 g heavier than the other samples. An interesting follow-up 
experiment will be to make a combined charcoal briquette from all three-sample 
materials as well as a comparison taste test of imported coals to these novel samples. 

Property Syzygium Gliricidia Coconut Sastha Power 
Coconut Briquette 

Shape Cylindrical Cylindrical Cylindrical Oval-Square 

Calorific Value 6600 6722 6156 6000-6500 Kcal/kg 

Moisture 
Content/% 

10 15 16 5-7 

Burning 
Time/hrs 

3 2.5 2.5 2-3 

Ash Content/% 10 8 11 5%+ 

Phosphorus/% 1.2 1.5 1.2 Nil 

Smoke None None None None 
Table 1. Comparison of charcoal briquettes 
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It should be noted that the 30 cm syzygium and gliricidia logs did not undergo complete 
pyrolysis so the cuttings were further chopped into pieces 4-6 cm long. This resulted in 
a greater degree of pyrolysis, but the process was still incomplete. These results 
indicate that a more effective method for forming charcoal from syzygium and gliricidia 
needs to be developed. A main concern of producing charcoal by this method is the 
greenhouses gases carbon dioxide, methane and nitrous oxide released into the 
atmosphere. This can be considered a trade-off if charcoal is produced locally 
compared to ocean freight in importing charcoal, which releases greenhouse gases as 
well. There are also emerging technologies where pyrolysis occurs in chambers which 
capture the greenhouse gases emitted (threedimensionaltimberlands.com). A full life 
cycle analysis (LCA) of both locally made and foreign briquettes will be completed in the 
future to determine the most environmentally friendly option. 

Though these initial results are encouraging, a full economic analysis of developing a 
sustainable charcoal industry is necessary. This will include an appropriate commercial 
carbonization method, annual supply of raw material and charcoal output compared to 
local demands as well as projected income and expenses. Further uses of charcoal can 
also be developed, such as water purification and agriculture. 

Conclusions 

Initial analysis for charcoal briquettes made from invasive plant species Syzygium and 
Gliricidia as well as dry coconut husks displayed promising chemical and combustion 
properties. These findings justify further research into the development of a thriving 
local charcoal manufacturing industry. Focus can be on improving the manufacturing 
process of the raw materials and developing a cost-effective and environmentally 
friendly business model. 
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AN ECONOMETRIC ANALYSIS OF FACTORS FROM THE FARMERS' 
PERSPECTIVE THAT AFFECT PROFITABILITY OF TILAPIA PRODUCTION IN 
TRINIDAD 

K. Austin and A. Mohammed. The University of Trinidad and Tobago (UTT), Faculty of 
Biosciences, Agriculture and Food Technologies, Eastern Caribbean Institute of 
Agriculture and Forestry, Centeno Arima, Trinidad and Tobago 

ABSTRACT: Aquaculture has been identified by the Government of Trinidad and 
Tobago as a competitive industry with the potential of reducing high fish imports. The 
purpose of this study was to provide an economic analysis of the factors affecting 
overall profitability of tilapia production in Trinidad. Thirty farmers selected for the survey 
were actively involved in a semi intensive or extensive grow out systems production. 
Data collection was via a structured questionnaire and semi structured interviews. An 
econometric regression model for the study tested the effects of output (0), selling price 
(SP), cost of feed (FD), fingerlings (FNG), labour (LAB), and operational costs (OC), 
with dummy variables tank culture (CT), sex culture (SC), and production system (PS) 
on the profitability of tilapia production. The Ordinary Least Squares (OLS) method was 
used and included appropriate tests for multicollinearity. Furthermore, the model 
provided relevant OLS information on the R-Squared and Durbin-Watson statistics for 
profitability. The OLS best fit equation derived for PROFIT = -13759.950 + 12.0480 + 
1492.922SP + 0.144FD - 2.621 FNG -1.338LAB + 1.1200C - 4147.623CT -
1552.083SC - 4191.806PS Output and labour cost (P< 0.0001) followed by operational 
costs (P < 0.01), selling price and cost of fingerlings (P< 0.05) were the main 
determinants affecting the profitability of these farmers. Two models comparing medium 
and large farm sizes showed that large farm sizes had higher Net Present Value 
(NPV's) and Internal Rates of Return (IRR). For farmers to improve profitability, focus 
should be placed on increasing output and controlling labour costs which are high in 
comparison to the low levels of output produced under these systems of management. 
In order for output to increase there will also be a need for better farm management, 
and better training in aquaculture farming techniques. 

Keywords: Tilapia, profitability, econometric model, output, labour costs. 

Introduction 

Tilapia is a prolific fish capable of providing a good source of food and as such has 
become the focus for food production in many developed and developing countries with 
the support of the Food and Agriculture Organisation of the United Nations (FAO 2006, 
2010). Tilapia production in Trinidad and Tobago continues to have mixed results at 
best and minimal full time farming activity is currently conducted. According to 
Ramnarine and Ramnarine (1999), although there are 1,105 fish farmers registered with 
the Ministry of Agriculture, only 562 are believed to be active and most of the holdings 
are extremely small, averaging a pond area of 0.07 ha. In spite of this, tilapia is 
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described as the most important aquaculture species of the 21st century (Shelton 
2002). 

Current annual tilapia production in Trinidad and Tobago is estimated to be between 9 
and 11 tonnes while current consumption is about 112 tonnes per annum [Ministry of 
Food Production, Land and Marine affairs (MAFPLMA) The National Food Production 
Action Plan 2012-2015], The MAFPLMA five-year transformational plan for the sector 
includes a projected substantial increase of annual production, establishment of 
processing and value added facilities and the development and implementation of 
business plans for small, medium and large farms of the sector. However, research 
focusing on the economics of tilapia production, a contributing requirement for business 
plan development, is limited (Rampersad and Ashing 2007). Most aquaculture research 
and development projects address technical issues of feasibility such as breeding, larval 
rearing and grow-out, but very little time or effort is invested in accompanying economic 
or marketing issues (Manwaring et al. 1993). 

A review of the local scientific literature and interviews with aquaculture extension 
officers and research professionals have pointed to the wide gap between actual and 
potential yields as the major constraint to farmers operating within the industry. To 
address these concerns and to make recommendations pertinent to having a profitable 
enterprise, research efforts must also be focused to explore the factors affecting 
profitable production systems, from the farmers' perceptive. These perceived economic 
factors affecting Tilapia profitability must be adequately addressed before tilapia can be 
developed and exploited as a locally competitive industry to reduce the heavy 
importation of tilapia and other fish products into Trinidad and Tobago. 

The purpose of this study is (1) to investigate economic factors affecting overall 
aquaculture profitability, based on aquaculture farmers' perceptions from Trinidad. 
These factors will be fitted into an econometric estimation of profitability which can lead 
to the identification of the significant variables affecting production. (2) Using reliable 
technical coefficients, a Net Present Value (NPV) and Internal Rates of Return (IRR) will 
also be calculated for medium and large sized aquaculture farms from Trinidad. From 
these findings, recommendations can be made to foster the development of a profitable 
tilapia farming industry in Trinidad. 

Materials and Methods 

Data Sources and Collection 

The process of data collection was via the use of primary and secondary data collected 
during the period to effectively address the research question and meet the conditions 
of the research framework. Most of the primary information was collected from farmers 
via the survey method with the use of a questionnaire. The secondary data originated 
from information compiled by local agencies and organizations from past researchers, 
as well as, a review of the relevant literature. The survey was also supported by semi-
structured interviews using a combination of informal and questionnaire styled interview 
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techniques to assist in further defining the parameters of the analysis. The latter 
provided a reasonable measure of quantitative and qualitative supporting data for the 
analysis. 

Both primary and secondary data questions revolved around (1) Farm operations and 
management, nine questions; (2) Revenue, five questions; (3) Production output, two 
questions; (4) Fingerling costs, seven questions; (5) Feed costs, six questions; (6) 
Labour costs, three questions; (7) Operational costs, six questions; (8) Disease 
prevention and control, seven questions; (9) Harvesting of stock, six questions; (10) 
Capital costs, eight questions; (11) Transportation costs, two questions; and (12) 
Formal training. 

Sample Population 

The actual sample population of farmers were derived from three main sources. The 
first source of potential farmers came from government agencies, and research 
institutions such as the Seafood Industry Development Company, The Ministry of 
Agriculture, Land and Marine Resources (MALMR), Fisheries Division, The Ministry of 
Science, Technology and Tertiary Education (MSTTE), Retraining Programme and the 
Sugar Cane Feeds (SFC) Centre. These institutions were either able to provide a list of 
persons which participated in part training programs or developmental activities. The 
second source came from Non-Governmental Organizations (NGO's) like the 
Aquaculture Association of Trinidad and Tobago (Aqua TT) which was able to provide a 
list of its membership involved in the farming of tilapia or persons they provided 
development support to in the past. Finally, referrals provided by existing farmers yield 
information on the locations and operating status of other potentials farmers to be 
included in the data set. 

For inclusion on the sample, farmers had to satisfy two criteria or they would be judged 
unsuitable for inclusion. First, the farmers had to be active in the grow-out of tilapia. 
Many persons contacted were either no longer involved or were in the process of 
starting operations which resulted in a smaller sample population. Second, the venture 
had to be of a semi intensive or extensive nature. Operations of an intensive nature 
were ignored from the sample size because intensive farming practice has limited 
industry application locally; the practice only being observed at research facilities like 
Institute of Marine Affairs (IMA) and Seafood Industry Development Company (SIDC). 
Finally, the enterprise had to be of commercial nature of some sought. This resulted in 
the elimination of farmers that cultivated tilapia for the sole purpose of irrigation farming 
or as part of their other livestock operation as they yield little or no revenue from such a 
venture. 

The above criteria led to the identification of 30 farmers that fit the parameters for the 
final sample. The sample size of 30 farmers is considered a judgement sample as the 
exact number of tilapia farmers is unknown due to the unavailability of information 
regarding the total population size. Most of the agencies and institutions previously 
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mentioned are unable to give an exact number or an estimate of the population size 
since there is very little recording of information on farmers in the industry at present. 

It is expected that the sample size will be reflective of the characteristics featured by the 
local tilapia farming community. The characteristics of the population were collected by 
the quantitative and qualitative data with regard to the cost of inputs, the quantities 
used, and the yields derived, pricing of the tilapia and other production activities as 
projected by each farmer. 

Economic Variables Tested 

The basis of this model was to assess certain economic input and output variables 
affecting the profitability of tilapia farming (Derbetin, 1986; Chambers, 1986; 
Beardshaw, 1992). The economic model tested the effects of Output, Selling Price, 
Feed, Fingerlings, Labour, and Operational Costs on profitability on 30 intensive and 
semi intensive aquaculture farms in Trinidad. Culture Technique and Sex Culture have 
been recognized as significant factors but based on the advice of development 
professionals were characterised as dummy variables to account for their qualitative 
nature. These variables and their related a priori expectations are explained below as 
follows: 

Profit: Profit was defined as the difference in total revenue, TR, and total cost, TC. A 
farming enterprise maximizes profit by operating at the point where the distance 
between the total revenue curve and total cost curve is at its maximum. If this holds true 
then it can be assumed that variables of a cost nature will have an inverse relationship 
with profitability, that is, the higher these production cost the lower the level of 
profitability to the farmer, ceteris paribus (Derbetin, 1986; Chambers, 1986; Beardshaw, 
1992). 

Total Revenue: Total Revenue (TR) was the total sales receipts in a market at a 
particular price (Beardshaw, 1992). Thus, total revenue can be derived as follows: 

Equation 1 Total Revenue (TR) = Selling Price (SP) χ Output (Ο) 

Total Costs: Total Costs (TC) was the cost of all the resources necessary to produce 
any particular level of output. Total cost always rises with output, as obtaining more 
output must always require more input. Thus no matter what the scale of production, 
obtainig another unit of output must involve the input of some raw materials, no matter 
how small the amount, so that a greater ouptut must always involve a greater total cost 
(Derbetin, 1986; Chambers, 1986; Beardshaw, 1992). 

Output: Output (0) for this study can be defined as the total harvest weight of live fish 
per square feet of pond area in a given grow-out period. 
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Selling Price: Selling Price (SP) was the price attained from the final selling price of the 
fish harvested and ready for the market during the period. It is sometimes influenced by 
seasonal factors but has been estimated by farmers for the study. 

Feed Costs: Feed Costs (FC) is essential for increasing tilapia production and output. 
The quantity and type of feeds varied from farm to farm and the degree of supplemental 
feeding also varied due to the production system used on particular farms such as 
mixed sexed versus mono sexed and tank versus pond culture. However, most famers 
used commercially manufactured pelleted feed for their grow-out operations. The feed 
cost were estimated or measured as dollar per pound on a yearly production basis. 

Fingerlings Costs: Fingerlings are also an important component to the production 
process. Most fingerlings were purchased from local hatcheries, while some farmers 
opted to produce their own fingerlings to ensure an availability of supply. For this study, 
fingerlings was defined as the total number of new recruits introduced to the pond area 
in the given year. The Fingerlings Costs (FNG) was calculated per fingerling and 
determined by the purchase price or producer's cost. 

Labour Costs: Labour is also an essential to the production process and Labour Costs 
(LAB) was defined as total cost for the number of man hours used per year. 

Operational Costs: The operational costs (OC) included all costs incurred in the 
production process which was aggregated into utilities, harvesting, fertilizer cost and 
other overheads attributed by farmers. This was measured on a yearly basis and 
aggregated to reduce the likelihood of multicollinearity. 

Culture Technique Dummy Variable 

It is believed that the culture technique (CT) -dummy variable had some degree of 
influence on the production process since differing results and costs have been known 
to be associated with particular techniques as supported by many relevant authors. The 
two main techniques are pond and tank culture. They are represented by the dummy 
variable as follows: 

C = 1 if culture technique is pond: 0 otherwise. 

Sex Culture Dummy Variable 

The sex culture (SC) identified on farms were either mixed-sexed or mono sex culture of 
the tilapia for grow-out. It is believed and also supported by literature that both methods 
differ in the potential growth yields and the productivity of the farm's potential. As such, 
the dummy variable SC was created to represent the production methods as follows: 

SC = 1 if ponds/ tanks stocked with mono sex fingerlings; 0 otherwise. 
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Production System Dummy Variable 

The choice of production system (PS) is expected to have a considerable impact on the 
economic viability or profitability of the farming project and it is expected to influence the 
extent of production and is defined as: 

PS = 1 if semi intensive; 0 otherwise. 

Based on the above mentioned theoretical framework the following initial empirical 
model using profitability as a function of the above variables can be derived with the 
below a priori expectations. 

The Model 

Profit = ß0+ßiO +ß2 SP +ß3 FD +ß4 FNG +ß5 LAB +ß6 OC +ß7 CT +ß8 SC+ ß9 PS +u 
Equation 2: Profitability Model 1 

Statistical Analysis 

The primary data attained from the farmers was firstly compiled for the various farmers 
into one Excel based format. The data is of a cross sectional nature. The resulting 
single equation econometric model was analyzed with regards to the data collected. 
The model assumed profitability as its endogenous variable and the respective factors 
in the production process as all exogenous variables. The Ordinary Least Squares 
(OLS) method was used and included appropriate tests for multicollinearity and 
heteroskedasticity. Ordinary Least Squares defines the best linear trend as one that 
minimises the sum of the squares residual error. EViews enterprise software 
(EViews.com) was used to make the econometric estimation. Confidence intervals were 
constructed and used to test the individual and joint hypotheses for the significance of 
the estimated coefficients. 

Results 

The regression model as specified in equation 2 was tested and respective statistics 
obtained by EViews resulted in the below linear regression equation with the relevant 
coefficients: 

The Model is: 

Profit = ß0+ßiO +ß2 SP +ß3 FD +ß4 FNG +ß5 LAB +ß6 OC +ß7 CT +ß8 SC+ ß9 PS +u 

PROFIT = -13759.950 + 12.048*0 + 1492.922*SP + 0.144*FD - 2.621 *FNG -
1,338*LAB + 1.120*OC - 4147.623*CT -1552.083*SC - 4191,806*PS 
Equation 3: OLS fit 1 Estimate Equation for Profitability 
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With the application of OLS, the above regression equation can be interpreted as 
follows: 

ßo - In this output, the value of the intercept coefficient/ constant term is -13759.950. 
βι - Ceteris Paribus, if Output increases by one unit, then profitability will increase by 
12.048. 
ß2 - Ceteris Paribus, if the Selling Price increases by one unit, then profitability will 
increase by 1492.922. 
ß3 - Ceteris Paribus, if Feed Costs are changed by one unit, then profitability will 
increase by 0.144. 
ß4 - Ceteris Paribus, if Fingerling Costs are changed by one unit, then profitability will 
decrease by 2.621. 
ß5 - Ceteris Paribus, if Labour Costs are changed by one unit, then profitability will 
decrease by 1.338. 
ß6 - Ceteris Paribus, if Operating Costs are changed by one unit, then profitability will 
increase by 1.120. 
ß7 - Ceteris Paribus, the choice of culture technique negatively affects profitability. 
ßs - Ceteris Paribus, the choice of sex culture negatively affects profitability. 
Bg - Ceteris Paribus, the choice of production system negatively affects profitability. 

Furthermore, the model provided relevant OLS information on the R-Squared and 
Durbin-Watson statistics for profitability. The R-squared statistic measures the success 
of the regression in predicting the values of the dependent variable within the sample. 
The R-Squared statistic for this model is 99.73%. The Durbin-Watson (DW) statistic is a 
measure of serial autocorrelation among the variables within the model. This statistic 
varies whether valid statistical inferences about coefficients of the equation can be 
made. The Durbin-Watson statistic in this model is 2.233. 

Test of Statistical Significance 

Given the estimation output of EViews (EViews.com) for the aforementioned model as 
in Table 2 the following results have been observed. Firstly, negative coefficients were 
realised for the constant term, fingerling cost, labour costs and the dummy variables of 
culture technique, sex culture and production system. While positive coefficients were 
attained for output, selling price, feed costs, operational costs. Secondly, a p-value of 
0.057 was attained for the constant. Thirdly, the variables of output and labour costs 
had a p-value of < 0.0001. Fourthly, p-values of < 0.05, > 0.05, < 0.05 and < 0.01 were 
attained for selling price, feed costs, fingerling costs and operational costs, respectively 
(Table 2). Lastly, the dummy variables of culture technique, sex culture and production 
system all had p-values > 0.05. 

At first glance, the regression results appear to show that feed costs (FD), sex culture 
(SC) and culture technique (CT) are insignificant to the model based on the high P-
values associated with these explanatory variables. The output also generated 
extremely high R-squared of 99.73% which means that the regression model is 99.73% 
successful in predicting the values of the dependent variable within the sample. 
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Additionally, the sign of the coefficients of feed costs, operational costs, culture 
technique, sex culture, and production system contradicts their a priori expectations. 
Furthermore, the probability value for F-Statistic is equal to zero. Despite the above 
mentioned good characteristics of the model being observed, the simultaneous 
occurrence of these factors indicated the presence of multicollinearity. Multicollinearity 
exists when there is a relationship between two or more exogenous variables (Derbetin 
1986). 

The existence of multicollinearity sometimes forces the researcher to drop variables 
from the model so as to test the validity and impact of these variables. To solve the 
issue of multicollinearity five different models were run and tested at conventional 
confidence interval for the p-values. The following revised model- OLS fit 5 attempts to 
solve the multicollinearity issue as experienced in OLS fit 1 to OLS fit 4 as shown below. 

OLS fit 5 Estimation Output 

The regression equation for profitability of tilapia production in Trinidad & Tobago was 
further specified as: 

PROFIT = -14337.898 + 13.178Ό + 1330.692*SP - 3.413*FNG - 1,379*LAB + 
1,026*OC - 4824.997*PS 
Equation 4: OLS fit 5 Estimation Equation for Profitability 

The new regression equation was interpreted and explained as follows: 

ßo - In this output, the value of the intercept coefficient/ constant term is -14337.898. 
βι - Ceteris Paribus, if Output increases by one unit, then profitability will increase by 
13.178. 
ß2 - Ceteris Paribus, if the Selling Price increases by one unit, then profitability will 
increase by 1330.692. 
ß4 - Ceteris Paribus, if Fingerling Costs are changed by one unit, then profitability will 
decrease by 3.413. 
ß5 - Ceteris Paribus, if Labour Costs are changed by one unit, then profitability will 
decrease by 1.379. 
ß6 - Ceteris Paribus, if Operating Costs are changed by one unit, then profitability will 
increase by 1.026. 
Bg - Ceteris Paribus, the choice of production system negatively affects profitability. 

The coefficient of the first exogenous variable ßi, was positive, as expected. This 
variable was also significant at all levels as indicated by a p-value of <0. 0001. The 
coefficient ß2 was positive as anticipated and this variable was also significant at 
conventional levels of 5% and 10% for a p-value of 0.038. The coefficients of ß4and ßs 
were negative, as expected, and significant at all conventional levels as indicated by 
their p-values of < 0.001 and < 0.000, respectively. 
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Initially, in the a priori expectation, a negative sign was expected for OC and a positive 
sign was expected for PS. However, the output generated from EViews by the 
application of OLS contradicts this initial expectation. Above, ß6 which is the coefficient 
for OC was positive. This variable appeared to be significant at all conventional levels of 
significance as indicated by the p-value of 0.008. ßgwhich was the coefficient for PS is 
negative. This variable appears to be significant at 5% and 10% confidence levels as 
indicated by its p-value of 0.071. 

The output also produced an R-squared of 99.69% and an adjusted R-Squared of 
99.61%. This indicates an extremely well fit for the model and means that 99.69% of 
profitability for tilapia production in Trinidad & Tobago is explained by the above six 
variables. The Ρ value of the F Statistic of 0.001 indicates the simultaneously 
significance of the independent variables. The Durbin-Watson Statistic, which is a 
measure of serial autocorrelation among the variables of the model, is 2.213. This high 
value of the Durbin-Watson statistic is indicative of the presence of no serial correlation 
in the residuals of the estimated equation. This meant that valid statistical inferences for 
the coefficients of the equation could have been derived from the model. 

The findings of major importance of the model for OLS fit 5 was that feed costs, culture 
technique and sex culture were not significant in determining the profitability of a farmer. 
It is generally expected that feed costs are significant for such a farming venture 
(Manwaring et al., 1993). Contrastingly, in this study the output and labour costs 
showed the largest impact on the farmers' profits. 

Net Present Value (NPV) and Internal rates of Return (IRR) 

To the point that output contributes to the level of profitability two farm models have 
been developed and compared on the basis cost to benefit, net present values (NPV) 
and the internal rate of return (IRR) at 25 acres and 100 acres of production (not 
shown). 

The two models (Tables 5 and 6) were based on the following assumptions: 
• A grow-out period of six months 
• Production of Red Hybrid and Silver Tilapia 
• Harvest weight of 1 lb 
• Stocking densities of 20,000 fingerlings per one acre pond at $2.00 ea 
• Mortality rate of 15% 
• Feed Conversion Ratio of 1.5:1 
• Selling price of $12.00 per lb 
• 12% cost of capital 

The two models showed that for large farm sizes had higher cost benefit ratios and the 
achieved NPV's and IRR were also higher. 
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Discussion 

The findings of this study from the farmers' perspectives showed that output and labour 
cost were highly significant in determining the profitability of their aquaculture 
enterprises. Next, the factors of feed costs, culture technique and sex culture were 
deemed not significant in determining the overall profitability of farmers. It was initially 
assumed that feed costs would be one of the factors with the greatest level of 
significance in determining profitability of farmers but this was not evident in the final 
econometric model. This may be attributable to the fact that many farmers did not have 
a feeding regime, while others depended on the natural vegetation or alga blooms as a 
food source. Finally, contradictory a priori expectations were derived for feed costs, 
operational costs, culture technique, sex culture and production systems. The discovery 
of this fact may point to other tilapia production related issues as it was observed that 
most farmers did not operate under ideal farming conditions, thus possibly affecting 
output and profitability. These findings from the NPV and IRR values obtained for the 25 
acre farm compared with the 100 acre aquaculture farm supported the function that 
economies of scale in production, and the importance that output play in the profitability 
of an aquaculture enterprise. 

The overall findings have provided valuable information from which general 
recommendations can be made to improve the levels of profitability of many tilapia 
farmers in Trinidad and Tobago. It is recommended that for farmers to improve 
profitability the focus should be placed on increasing output and controlling labour costs. 
Many farmers, especially farmers who rear tilapia under extensive systems, have high 
labour costs as the labour rates for scarce farm labour is relatively high in comparison to 
the low levels of output produced under such a system. Farmers could instead choose 
to utilise less labour hours in their operations if possible or seek out reduced labour cost 
in the various day to day operations. 

Furthermore, for output to increase there will be a need for more astute farm 
management practices. Aquaculture farmers need better training in farming techniques 
including the health and management practices necessary to achieve better growth 
rates and survivability. Many farmers had varying lengths for the grow-out period which 
when coupled with partial harvesting and mixed sex culture practices resulted in 
substantially different levels of output. In addition, farmers who purchase fingerlings at 
high cost may lower this cost by operating a small nursery for the production of the 
farmer's own brood stock, so improving the farmer's profitability. 

Additionally, increasing the selling price through value added products will have the 
impact of improving profitability once the other variables remain constant. It is also 
recommended that proper record keeping be encouraged through the intervention of 
Government extension services which can also serve to improve other factors that 
impact negatively on the profitability of the enterprise. 
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Table 1. Dependent variables o f t he econometric model with a priori expectations 
Variables Symbol A Priori 

Expectation 
Unit of Measurement 

Dependent Variable 
Profitability Profit Profitability of the farmer's venture in 

TTD$ 
Explanatory Variables 
Output 0 + Number of pounds harvested in one year 
Selling Price SP + Selling price at harvest 
Feed FD - Purchase price of feed used during grow-

out 
Fingerlings FNG - Cost of fingerlings purchased 
Labour LAB - Cost of hired labour during the period 
Operational Costs OC - Total cost of overheads in production 
Culture Technique CT + 1 -Pond Culture or 0- Tank Culture 
Sex Culture SC + 1- Mono Sex Culture or 0- Mixed Sex 

Culture 
Production System PS + 1-Semi Intensive Culture or 0- Extensive 

Table 2: OLS fit 1 Estimation Output 

Variable Coefficient Std. Error t-Statistic Prob. 
C -13759.950 6808.087 -2.021 0.057 
0 12.048 1.070 11.261 0.000 
SP 1492.922 662.467 2.254 0.036 
FD 0.144 0.156 0.923 0.367 
FNG -2.621 1.198 -2.188 0.041 
LAB -1.338 0.107 -12.461 0.000 
OC 1.120 0.362 3.096 0.006 
CT -4147.623 4430.482 -0.936 0.360 
SC -1552.083 4816.871 -0.322 0.751 
PS -4191.806 3752.674 -1.117 0.277 

Table 3. Ordinary Least squares to solve multicollinearity 

Variable Coefficient Std. Error t-Statistic Prob. 
C -14337.898 6760.062 -2.12 0.045 
0 13.178 0.427 30.88 0.000 
SP 1330.692 605.752 2.20 0.038 
FNG -3.413 0.864 -3.95 0.001 
LAB -1.379 0.0569 -24.25 0.000 
OC 1.026 0.350 2.93 0.008 
PS -4824.997 2549.119 -1.89 0.071 

20 



Table 4. NPV and IRR values based on a 25 farm acreage. 

25 Acre Farm 
Year Total Total Total Unit Cost 

Output Revenue Cost Cost Benefit 
1 499800 5997600 6450390 12.91 1.08 

2-10 856800 10281600 6450390 7.53 0.63 
Average 8.07 0.67 

Table 5. NPV and IRR values based on a 100 farm acreage 

100 Acre Farm 
Year Total Total Total Unit Cost 

Output Revenue Cost Cost Benefit 
1 1987300 23847600 22594140 11.37 0.95 

2-10 3406800 40881600 22594140 6.63 0.55 
Average 6.69 0.59 
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ANÂLISIS ECONOMICO DE LA PRODUCCION DE AJÎ Ο PIMIENTO MORRÔN EN 
INVERNADERO 

C.A. Martinez, Institute Dominicano de Investigaciones Agropecuarias y Forestales, 
IDIAF, Repûblica Dominicana 

RESUMEN: Se evaluô la rentabilidad de très invernaderos de metal con una superficie 
de 4,800 m2 y très invernaderos de madera de 3,069 m2 con producciôn de aji ο 
pimiento en las zonas de mayor producciôn de vegetales bajo ambiente protegido, San 
José de Ocoa, Constanza y Jarabacoa, Repûblica Dominicana. Los indicadores de 
evaluaciôn econômica usados fueron: Valor Actual Neto (VAN), Tasa Interna de 
Retorno (TIR), Beneficio-Costo (B/C), y la relaciôn Beneficio-lnversiôn Neta (N/K). En 
un periodo de 20 aiïos los resultados obtenidos fueron: VAN=1,487,564, TIR=9%, 
B/C=1.56 y N/K=1.30. Estos valores indican que el proyecto es viable econômicamente, 
aunque en el analisis de sensibilidad ante un alza en la tasa de interés ο en los precios 
existe el riesgo de no ser rentable a largo plazo. En los invernaderos de madera los 
resultados obtenidos a 10 anos son: VAN=3,771,000, TIR=64%, B/C=1.39 y N/K=4.10. 
La rentabilidad de este tipo de invernadero es mayor que el anterior de metal. 

Palabras claves: invernadero, rentabilidad, costo, vegetales, indicadores econômicos 
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Introducciôn 

En la Repûblica Dominicana, la agroplasticultura ο sistema de producciôn en ambiente 
protegido es una actividad productiva con alto potencial para generar ingresos. 
Actualmente esta modalidad de producciôn tiene un gran auge, dada la gran demanda 
de vegetales en los mercados de Estados Unidos y Europa. 

Inicialmente en la Repûblica Dominicana se recomendô la instalaciôn de invernaderos 
bajo un paquete tecnolôgico con las especificaciones siguientes: ubicados en zonas de 
montana, estructuras metalicas con malla térmica y area protegida de 4,800 m2, uso de 
camas con sustratos, sensores de temperatura y humedad relativa. A finales del 2007 
existian 155 invernaderos de este tipo instalados (tipo Promefrin), que cubrian un area 
de 744,000 métros cuadrados, dedicados a la producciôn de vegetales (Rodriguez 
2007). Segùn las cifras del PROMEFRIN (2012), la producciôn de vegetales bajo 
ambiente protegido ha continuado el dinamismo del sector agropecuario, donde la 
superficie cultivada se ha incrementado desde 268,800 m2 en el 2004, a 6,014,000 m2 

en el 2012, y distribuidos en diferentes tipos de estructuras y tecnologias de manejo. 
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Muchos productores, al no tener la capacidad financiera para realizar la inversion inicial 
que conlleva adquirir el paquete tecnolôgico recomendado por PROMEFRIN, han 
optado por adaptar la tecnologia segùn sus condiciones. Estos han construido 
estructuras artesanales de madera en zonas altas y bajas con superficies de 
producciôn de diferentes tamaiïos, utilizando tanto la cama artificial (sustrato) como el 
propio suelo mureado. 

La demanda de productos alimenticios se expande en la medida que el consumidor 
aumenta sus ingresos, poder de compra y logra cambios en el estilo de vida, entre 
otras variables. Algunos autores consideran que la tendencia es consumir alimentos 
saludables. El aumento de las importaciones a nivel mundial de hortalizas (2000-2004) 
fue del 6,2% anual y el mayor importador fue la UE (57% del total), seguido por el 
NAFTA y en tercer lugar Asia del Este (Ferrato 2008). 

En el caso de Estados Unidos el consumo per capita de vegetales se incrementô de 
112.6 libras en el 1980 a 146.1 en el 1989, y para el 2005 se habia registrado un 
consumo per capita de 174.2 libras (VanSickle 2007). 

El volumen exportado de vegetales en el 2012 fue de 73.9 millones de libras con un 
incrementô absoluto de 9.8 millones de libras con respecto al ano anterior. Por este 
concepto, ingresaron al pais US$76.3 millones, US$18.40 mas que en el ano 2011. Las 
ventas en el mercado local ascendieron a 30.97 millones de libras generando ingresos 
por RD$677.22 millones de pesos (PROMEFRIN 2011-2012). 

Hernandez (2000), en Espana, demostrô que los agricultores que tienen invernaderos 
en condiciones mas tecnificadas y a pesar de los costos/m2 superiores y los niveles de 
inversion, obtienen margenes brutos/m2 superiores que los que tienen invernaderos de 
estructuras mas pequenas y con condiciones técnicas inferiores. Esto, principalmente, 
por la calidad y los precios altos obtenidos en las ventas directas al consumidor. 

Mora y Romero (2002), en la peninsula de Santa Elena, Chile, en un estudio de pre-
factibilidad en la producciôn de aji morrôn con una inversion de US$113,565.00, donde 
US$55,000.00 se tomaron en crédito comercial a 5 anos con una tasa de interés de 
15% anual, estimaron una Tasa Interna de Retorno (TIR) de 24.5% para un periodo de 
10 anos con un Valor Actual Neto (VAN) de US$39,342 usando una tasa de descuento 
de 12%. La inversion podia ser recuperada en 6 anos con el 12% de interés. 

En el présente trabajo se llevô a cabo un analisis de rentabilidad que consiste en 
calcular los indicadores econômicos a partir de los ingresos y egresos obtenidos ο 
proyectados durante un periodo de tiempo. 

Objetivo General 

Realizar un analisis econômico de la producciôn de aji morrôn en invernaderos en la 
Repûblica Dominicana. 
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Objetivos Especificos. 

• Determinar la estructura de costos de producciôn e ingreso en los invernaderos 
seleccionados. 

• Determinar la rentabilidad y viabilidad de los sistemas de producciôn 
seleccionados. 

Metodologia ο Estrategia de la investigaciôn 

Este trabajo se llevô a cabo en très provincias importantes del pais que representan 
mas del 60% del area ocupada y se encuentran localizadas en zonas montaiïosas de la 
geografia nacional. Los datos de producciôn, costos y ventas se recopilaron cada 
semana mediante registros durante dos anos, abarcando hasta dos cosechas. 
Recabada la informaciôn de costo de inversion, producciôn y de las ventas de aji 
morrôn se determinô la rentabilidad de los sistemas de producciôn a través de los 
indicadores econômicos de evaluaciôn. 

Para el analisis econômico, se escogiô un total de seis invernaderos localizados en 
Constanza, Jarabacoa, y San José de Ocoa. Se incluyeron los datos promediados de 
très invernaderos de metal de 4,800 m2 con inversion mayor de RD$3,000,000 y très 
invernaderos de madera de 3,069 m2 con inversion entre RD$700,000 y RD$3,000,000 
sembrados de aji morrôn. 

Los indicadores econômicos de la producciôn de vegetales expresan el rendimiento 
econômico de la inversion, lo que permite tomar la decision de realizar un proyecto ο no 
al determinar la rentabilidad de los sistemas de producciôn. También permite comparar 
entre diferentes alternativas de inversion. 

Valor Actual Neto (VAN) 

Es el valor que actualiza el flujo de beneficios netos (ingresos totales menos costos 
totales) mediante una tasa de descuento prefijada. El flujo de beneficios netos es 
generado por el proyecto de inversion. Este valor résulta de restar al valor actual de los 
flujos positivos el valor actual de los negativos (Rucoba, A. et. al., 2006). Para obtener 
el VAN se utiliza la formula: 

τ τ 
VAN = Y^Btil + r)'1 + r)"' 

t-1 t-1 

Donde 

Bt= beneficios en cada periodo del proyecto 
Ct= costos en cada periodo del proyecto 
r = tasa de actualizaciôn 
t = tiempo en anos 
(1 + r)_t = factor de actualizaciôn 
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El criterio de decision del VAN para rechazar ο aceptar un proyecto de inversion es que 
debe de ser igual ο mayor que cero. Esto significa que, dada una tasa de actualizaciôn, 
el valor présente de los beneficios debe superar ο igualar al valor présente de los 
costos. Este indicador representa el beneficio neto actualizado que genera el proyecto 
que supera la tasa de descuento ο factor de actualizaciôn. 

Tasa Interna de Rendimiento (TIR) 

La TIR econômica es la tasa de valoraciôn para la cual el valor actual de flujos positivos 
(corrientes de beneficios) y negativos (corrientes de costos) es el mismo. También, es 
aquella tasa que hace que el valor actual neto sea igual a cero. La formula para obtener 
la TIR es: 

τ τ 
TIR = + r)~' - XQ(1 + r)~' = 0 

/-I /-I 

Donde 

Bt= beneficios en cada periodo del proyecto 
Ct= costos en cada periodo del proyecto 
r = tasa de actualizaciôn 
t = tiempo en anos 
(1 + r)_t = factor de actualizaciôn 

El criterio de decision formal de la TIR para aceptar un proyecto es que sea mayor ο 
igual que la tasa de actualizaciôn seleccionada. Este indicador expresa la tasa de 
interés maxima que podria pagar un proyecto por los recursos monetarios utilizados, 
después de recuperados los costos de inversion y de operaciôn. 

Relaciôn Beneficio-Costo (B/C) 

Es el cociente que résulta de dividir el valor actualizado de los flujos positivos ο 
corrientes de beneficios entre el valor actualizado de los flujos negativos ο corrientes de 
costos, a una tasa de actualizaciôn prefijada. La formula para obtener la relaciôn 
beneficio-costo es: 

τ τ 
B/C = ΣΒί( 1 + r)"' / £ C t ( 1 + r)'1 

t-ι t-\ 

Donde 

Bt= beneficios en cada periodo del proyecto 
Ct= costos en cada periodo del proyecto 
r = tasa de actualizaciôn 
t = tiempo en anos 
(1 + r)_t = factor de actualizaciôn 
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El criterio de decision formal de los proyectos de inversion basado en este indicador es 
que la relaciôn B/C sea mayor que uno para aceptarse el proyecto como uno rentable. 
Si el valor es menor que uno, el valor sera negativo e indicara las pérdidas por unidad 
monetaria invertida, en cambio si el valor es positivo, indicara la utilidad por unidad 
monetaria invertida. 

Relaciôn Beneficio-lnversiôn neta (N/K) 

Es el cociente que résulta de dividir el valor actual del flujo de fondos en los anos 
después que esta corriente se ha vuelto positiva (Nt), entre la corriente del flujo de 
fondos, en aquellos primeros anos del proyecto en que esa corriente es negativa (Kt), a 
una tasa de actualizaciôn previamente fijada. La formula para obtener la relaciôn 
beneficio-inversiôn neta es: 

NIC = Y^Bt{ 1 + r)"' + ry* 
t - l t - l 

Donde 

Bt= beneficios en cada periodo del proyecto 
Ct= costos en cada periodo del proyecto 
r = tasa de actualizaciôn 
t = tiempo en anos 
(1 + r)_t = factor de actualizaciôn 

Tasa de Actualizaciôn ο de Descuento 

Para el analisis de inversiones se utilizan flujos de cajas en términos corrientes a un 
factor de actualizaciôn del 5.66%. También, se utilizan flujos de cajas a precios 
constantes, el cual requiere una tasa de descuento real, tomando como base el ano 
cuando se realizaron los calculos, 2011. En la obtenciôn de los indicadores econômicos 
se utiliza la tasa de actualizaciôn ο descuento, la cual se determina mediante la formula 
siguiente: 

R= {[(1+Tasa nominal)/(1+Tasa inflacion)] - 1}= {[(1+r)/(1+i)]-1} 

Para el analisis financiero se tomô un tasa de actualizaciôn del 5.66%, la cual 
representa la tasa de interés real calculada a base de una tasa de interés nominal de 
12%, y una inflacion de 6.34% anual. También, se realiza el analisis con la tasa de 
interés de algunas entidades financieras de 18%, 24% y 30%, utilizada como parte del 
factor de actualizaciôn en el analisis de sensibilidad. 

Para obtener los indicadores de evaluaciôn econômica VAN, TIR, B/C y N/K, se utilizô 
el programa Excel. Se proyectaron los ingresos y egresos de acuerdo a la capacidad 
de producciôn del invernadero, las ventas efectuadas por el productor y los costos 
incurridos en el desarrollo de la actividad productiva. 
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Resultados y Discusiôn 

Producciôn de Aji Morrôn en Invernaderos de Metal de 4,800 m2 

Estructura del Costo de Producciôn 

La estructura del costo de producciôn en los sistemas de cultivo de pimiento ο aji 
morrôn bajo invernaderos de metal de 4,800 m2 se présenta en la Tabla 1. En esta se 
puede observar que la mano de obra, el uso de fertilizantes y los gastos administrativos 
son las partidas con mayor porcentaje como componentes del costo. Estas très 
partidas constituyen el 45% de los costos. Luego, les siguen la compra de semillas y 
plantulas (semillas germinadas) y los intereses de los préstamos de producciôn que 
absorben el 27%. 

Tabla 1. Costo de producciôn de aji morrôn 
Aji morrôn Costo de producciôn (RD$) % 
1. Materiales e insumos 
a) Fertilizantes 225,917.00 15.0 
b) Plaguicidas 163,932.00 11.0 
c) Semillas y plântulas 211,656.00 14.0 
d) Materiales 87,200.00 6.0 
2. Mano de obra y gastos administrativos 

e) Mano de obra 233,516.00 15.0 
f) Gastos administrativos 226,062.00 15.0 
g) Depreciaciôn 127,000.00 8.0 
3. Otros gastos 
h) Seguro de estructura 39,827.00 3.0 
h) Interés de financiamiento de producciôn 210,000.00 13.0 
Total 1,525,110.00 100.0 

En la Tabla 2 se présenta un desglose de los costos en que incurre la empresa para la 
producciôn de aji ο pimientos morrones en este tipo de invernadero. Como puede 
verse, la inversion representa el 57% de los costos totales. También se observa que los 
costos fijos y variables son casi iguales en cuanto a su participaciôn porcentual. 

Tabla 2. Desglose de los costos incurridos en la producciôn 
Costos RD$ % 
Inversion 2,655,138.00 57 
Fijos 1,052,154.00 23 
Variables 953,241.00 20 
Totales 4,660,533.00 100 
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El punto de empâte ο nivelaciôn, donde el productor empata los ingresos con los 
egresos, se présenta en el nivel de producciôn de 82,270 libras, como se indica en la 
Figura 1. A un precio de RD$21.22, estas libras generan una venta de empâte ο 
equilibrio de RD$1,745,946. Las ventas solo tienen un rezago con respecto al gasto de 
operaciones de 55 a 85 dias, cuando inicia la producciôn de frutos. Ademas, en la 
Figura 1, se présenta el ingreso y el costo total (CVT+CFT) de la actividad productiva. 

PE=Punto de empâte ο nivelaciôn (breakeven point), CT= Costo Total; 
(CT=CFT+CVT) 

Figura 1. El punto de equilibrio de la producciôn. 

Indicadores Econômicos Bâsicos y Rentabilidad 
Los indicadores econômicos bésicos en el corto plazo como el capital-producto K/P, 
capital-empleo K/L, producto-empleo P/L, ingresos y costos por metro cuadrado se 
presentan en la Tabla 3. En el caso del capital-producto, este indica que el capital 
necesario para generar una libra de aji morrôn en estos sistemas es de RD$41.21; por 
cada empleo se invierte un capital de RD$932,106.60. También, por cada 22,617 libras 
obtenida se utiliza un obrero en el invernadero. El ingreso/m2 es de RD$500.00, un 
costo operativo/m2 de RD$192.13, el costo de inversion de RD$553.15, un costo total y 
de producciôn por metro cuadrado de RD$409.49 y RD$309.43, respectivamente; y 
una rentabilidad sobre ingreso de 16.42% y sobre la inversion (ROI) de 15.36%. 
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Tabla 3. Indicadores econômicos a corto plazo de la producciôn de aji morrôn 
Indicadores Valor 
Productividad (lb/m2) 24.00 
Capital-Producto (K/P) 41.21 
Capital-Empleo (K/L) 932,106.60 
Producto-Empleo (P/L) 22,617.00 
lngreso/m2 500.00 
Ingreso/planta 170.19 
Costo Total/m2 409.49 
Costo de inversiôn/m2 553.15 
Costos Operativos/m2 192.13 
Costo de producciôn/m2 309.43 
ROI 15.36% 
Rentabilidad sobre ingreso 16.42% 

En la Tabla 4, se presentan los indicadores econômicos a largo plazo como el VAN 
(4,022,538), TIR (23%), B/C (1.14) y N/K (2.52), con un factor de actualizaciôn de 
5.66%. Estos indican que el proyecto ο actividad productiva es viable ο 
econômicamente rentable. El retorno de la inversion segùn calculos del Pay back se 
alcanza en 8 anos. La relaciôn B/C indica que por cada peso utilizado se obtiene 
RD$1.14 de beneficio neto, y el N/K indica que por cada peso invertido se obtiene un 
beneficio neto RD$2.52 durante la vida ùtil del proyecto. También, se presentan los 
valores que obtienen los indicadores econômicos en el analisis de sensibilidad segùn el 
factor de actualizaciôn. 

Tabla 4. Indicadores econômicos de la producciôn de aji morrôn a largo plazo 

Factor de actualizaciôn al 5.66% Analisis de sensibili 
diferentes tasas de ac 

dad con VAN a 
tualizaciôn 

VAN TIR B/C N/K 10.96% 16.61% 22.25% 
4,022,538 23% 1.14 2.52 2,058,390 847,780 68,686 

En la Tabla 5 se présenta el analisis de sensibilidad con variaciones de precios, donde 
precios igual ο menor de RD$18.00 arrojan unos indicadores econômicos negativos ο 
no aceptables con el factor de descuento de 5.66%. 

Tabla 5. Analisis de sensibilidad de los indicadores con respecto al precio 

Indicadores con factor de 
actualizaciôn del 5.66% 

Analisis de sensibilidad respecto al precio de 
venta Indicadores con factor de 

actualizaciôn del 5.66% RD$18/lb RD$20/lb RD$22/lb 

VAN -1,189,523 2,163,338 5,211,206 
TIR - 16% 26% 
B/C 0.98 1.08 1.18 
N/K 0.74 1.81 2.96 

29 



Producciôn de aji ο pimiento morrôn en invernaderos de madera de 3,069 m2 

Estructura del Costo de Producciôn 

La estructura del costo de producciôn en los sistemas de cultivo de pimiento ο aji 
morrôn en estos tipos de invernaderos se présenta en la Tabla 6. En esta se puede 
observar que la mano de obra, la compra de semillas y plantulas (semillas germinadas) 
y el uso de fertilizantes constituyen el 54.6% de los costos. Luego, les siguen el costo 
de depreciaciôn, plaguicidas y los gastos administrativos que adsorben el 33.5%. 

Tabla 6. Costo de producciôn del aji morrôn en invernaderos de madera de 
3,069 m2. 

Aji morrôn Costo de producciôn (RD$) % 
1. Materiales e insumos 
a) Fertilizantes 133,066.00 14.2 
b) Plaguicidas 96,896.00 10.4 
c) Semillas ν plântulas 148,319.00 15.9 
d) Materiales 43,830.00 4.7 
2. Mano de obra ν gastos administrativos 
e) Mano de obra 229,449.00 24.5 
f) Gastos administrativos 93,415.00 10.0 
g) Depreciaciôn 122,167.00 13.1 
3. Otros gastos 
h) Interés de financiamiento de producciôn 67,500.00 7.2 
Total 934,642.00 100.0 

En la Tabla 7 se présenta un desglose de los costos en que incurre la empresa para la 
producciôn de pimiento ο aji morrones en este tipo de invernadero. Como puede verse, 
la inversion representa el 57% de los costos totales. También se observa que los 
costos variables, en estos tipos de invernaderos, tienen una mayor participaciôn 
porcentual que los fijos. 

Tabla 7. Desglose de los costos incurridos en la producciôn. 
Costos RD$ % 

Inversion 1,216,667.00 57 
Fijos 283,082.00 13 
Variables 651,560.00 30 
Totales 2,151,309.00 100 

El punto de empâte ο nivelaciôn se obtiene con las primeras 22,339 libras de pimiento 
ο aji morrôn, como lo indica la Figura 2. Estas libras a un precio de RD$21.22 generan 
una venta de RD$474,034 (ingreso de equilibrio). También, se observa el total de los 
costos que conlleva iniciar una producciôn de aji morrôn en invernaderos. 
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(CT=CFT+CVT) 
Figura 2. El punto de equilibrio de la producciôn. 

Indicadores Econômicos Bâsicos y Rentabilidad 

Los indicadores econômicos bésicos en el corto plazo como el capital-producto K/P, 
capital-empleo K/L, producto-empleo P/L, ingresos y costos por metro cuadrado se 
presentan en la Tabla 8. En el caso del capital-producto, este indica que el capital 
necesario para generar una libra de aji morrôn en estos sistemas es de RD$28.00; por 
cada empleo se invierte un capital de RD$537,00. También, por cada 19,559 libras 
obtenida se utiliza un obrero en el invernadero. El ingreso/m2 es de RD$535.00, un 
costo operativo/m2 de RD$212.00, el costo de inversion de RD$405.00, un costo total y 
de producciôn por metro cuadrado de RD$305.00, respectivamente, y una rentabilidad 
sobre ingreso de 43% y sobre la inversion (ROI) de 58%. 

Tabla 8. Indicadores econômicos a corto plazo de la producciôn de aji morrôn 
Indicadores Valor 

Capital-Producto (K/P) 28 
Capital-Empleo (K/L) 537 
Producto-Empleo (P/L) 19,559 
Ingreso/m2 535 
Ingreso/planta 158 
Costo Total/m2 312 
Costo de inversiôn/m2 405 
Costos Operativos/m2 212 
Costo de producciôn/m2 312 
ROI 58% 
Rentabilidad sobre las ventas 43% 

31 

PE=Punto de empate o nivelacion (breakeven point), CT= Costo Total;



En la Tabla 9, se presentan los indicadores econômicos a largo plazo como el VAN 
(3,771,000), TIR (64%), B/C de (1.39) y N/K (4.10), con un factor de actualizaciôn 
5.66%. Esto indica que el proyecto ο actividad productiva es viable y econômicamente 
rentable. Segùn los calculos del analisis Pay back el retorno de la inversion se alcanza 
en 2.34 anos. La relaciôn B/C indica que por cada peso utilizado se obtiene RD$1.39 
de beneficio neto, y el N/K indica que por cada peso invertido se obtiene un beneficio 
neto RD$4.10 durante la vida ùtil del proyecto. También, se presentan los valores que 
obtienen los indicadores econômicos en el analisis de sensibilidad segùn el factor de 
actualizaciôn. Los factores ο tasas de actualizaciôn indicados son menores que el valor 
de la TIR, por lo tanto el proyecto es viable y rentable a las diferentes tasas de 
actualizaciôn. 

Tabla 9. Indicadores econômicos de la producciôn a largo plazo. 

Factor de actualizaciôn de 5.66% Analisis de sensibilidad con VAN 
a diferentes tasas de actualizaciôn 

VAN TIR B/C N/K 10.96% 16.61% 22.25% 

3,771,000 64% 1.39 4.10 2,816,635 2,093,830 1,569,332 

En tabla 10, se présenta el analisis de sensibilidad con variaciones de precios, donde 
precios igual ο menor de RD$14.00 arrojan unos indicadores econômicos negativos ο 
no aceptables con el factor de descuento de 5.66%, con la excepciôn del B/C que 
présenta resultados mayor que 1. 

Tabla 10. Analisis de sensibilidad de los indicadores con respecto al precio. 

Indicadores con Factor de 
actualizaciôn de 5.66% 

Analisis de sensibilidad respecto al precio de venta 
Indicadores con Factor de 
actualizaciôn de 5.66% RD$14/lb RD$16/lb RD$18/lb 

VAN -685947 587,466 1,860,880 
TIR 2% 20% 40% 
B/C 1.24 1.06 1.19 
N/K 0.44 1.48 2.53 

Conclusion 

El cultivo de vegetales bajo invernaderos (ambiente protegido) es una agricultura 
rentable, aunque su inversion es relativamente alta. 

Los principales problemas para su desarrollo se presentan en la comercializaciôn, 
especialmente por el incumplimiento de los contratos de compra y venta. Esto atenta 
contra la rentabilidad de los sistemas de producciôn. 

Los invernaderos de metal de 4,800 m2 sembrados de pimiento ο aji morrôn son 
rentables, pero los de madera son aùn mas rentables por los costos financieros que 
enfrentan los de metal. 
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El invernadero de madera (menor inversion inicial) récupéra la inversion en los très 
primeros anos. El invernadero de metal de 4,800 m2 tarda ocho anos en recuperar la 
inversion. 

El cultivo de aji morrôn en los invernaderos de metal de 4,800 m2 es sensible a altas 
tasas de descuento ο factores de actualizaciôn y disminuciôn de los precios, lo que 
indica el mayor riesgo. 
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ENGAGING AGRI-BUSINESS STUDENTS: CHALLENGES AND OPPORTUNITIES 
FOR STUDENT OPERATED BUSINESSES 

W.A. Isaac, C. St. Martin, M. Singh, M. Wuddivira, and V. Mlambo. Department of Food 
Production, Faculty of Food and Agriculture, The University of the West Indies, St. 
Augustine, Trinidad and Tobago 

ABSTRACT: Engaged students are committed and more likely to continue their 
university studies. This paper details an experiential first-year practical skills course 
designed for students pursuing Bachelor's degrees in Agribusiness Management and 
General Agriculture. The programme enables students to develop real products and 
services to sell on an organized sales day and food preparation event. In the course, 
students participate as producers, consumers and agri-business entrepreneurs using a 
supply chain approach - allowing them to understand the linkages from production to 
consumption. The current paper explores the effectiveness of this experiential 
assessment in terms of its ability to engage students. Semi-structured questionnaires 
were used to assess students' engagement for 203 students during 2011-2012. 
Comparing student engagement to a traditional lecture course, the results suggest that 
the use of events such as the sales day and food preparation exercise is capable of 
engaging students. The results of the assessment suggested that more active learning 
and collaboration, through more academically challenging activities, permits more 
student-faculty interaction than a traditional lecture-based course. The course structure 
outlined in this paper permits the dynamics of a live marketing environment, which can 
be introduced into the classroom to permit higher quality learning. Practical advice for 
educators seeking to design and implement engaging pedagogy is also provided. 

Keywords: student engagement, student-operated businesses, agri-business 
management, course design. 

Introduction 

Throughout the world, and in particular, the Caribbean region, there has been an 
awakening of food security and sovereignty. Engrained in this awakening is the move 
toward attracting youth into agriculture, an area that is perceived to many as 
unimportant, unattractive and pejorative, a legacy often enmeshed in our slave/ 
indentured labourer heritage. There has been a recent paradigm shift towards practical 
skills training, making it more attractive, efficient and effective. One important feature, 
as recognized by the University of the West Indies, is through the world of world with the 
curriculum emphasising the acquisition of employable skills. The expectation is to 
promote skills acquisition through competency-based training. Active student 
engagement or experiential learning is usually linked to increased student retention and 
improved learning outcomes (Coates, 2005; Russell-Bennett, 2010). Many students are 
failing to sufficiently engage with their studies for several reasons, including a range of 
personal and work-related priorities. We are witnessing a fundamental shift in the way 
students now see the university experience, especially since education is now free and 
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the student population is much younger and immature. Many of them have a "don't 
care", undirected attitude to learning and other mature students face the difficult task of 
trying to balance several commitments. The challenge for educators has therefore 
become, how should we engage our students? 

Research has shown that students prefer learning activities that are enjoyable, 
challenging, and similar to the tasks they would be performing in the real world. The 
challenge is, however, how to engage larger classes with learning activities, which will 
equip them with the knowledge, skills, and experience necessary to function effectively 
on graduation. This learning technique exposes students to real life problems and 
provides a means of engaging them with the opportunity to learn skills, content, and 
tasks that are relevant, realistic, authentic. Fall (1998) indicated that this learning 
technique also enhances critical thinking skills, increases motivation and productivity, 
encourages active learning and student involvement and generally improves the quality 
of student performance. This paper presents an experiential assessment, which 
required student groups to produce and market their produce in an attempt to 
appreciate the agriculture as a business. The experience allowed students to get hands-
on experience in the marketing tasks relevant to starting a business and in the process, 
appreciate the value chain. Student engagement was used to assess the effectiveness 
of the experiential assessment. The paper also explores the effectiveness of this 
experiential assessment in terms of its ability to engage students by comparing student 
engagement to a traditional lecture course. 

Agriculture as a business: Student engaging exercises 

Considering the importance of student engagement, it is necessary for educators to 
develop new course designs and methods of assessment that achieve this outcome. 
One such innovation that seeks to enhance the student experience is the practical skills 
programme. The practical skills programme is conducted in a first-year course, which 
has content which enables the students to - understand the key production and 
economic variables that impact cost-of-production and profitability; understand why 
agricultural production must involve business management principles; keep appropriate 
records for the production of crops and livestock; understand the effects of various 
factors affecting crop and livestock production; be able to identify the inputs involved in 
producing a crop; understand how to produce high quality seedlings (from seed and 
plant cuttings); establish and maintain crops (see Figures 1 and 2) under field, protected 
and containerized environments; recognize different breeds of livestock; understand 
aspects of crop and livestock utilization; identify different methods of feeding livestock; 
recognize slaughtering techniques; market your group's produce; demonstrate good 
teamwork skills; demonstrate good organizational and time-management skills; 
demonstrate good communication and report writing skills. However, the aim for the 
programme is to teach students the production cycle - farm to fork, which means going 
beyond production to include value added production. Thus, a full marketing 
management cycle is the underpinning framework for course content and assessment. 
Since 2011, more than 200 first-year students have experienced a physical sales 
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activity that requires students to develop real products and services to sell on 
organized sales day and food preparation competition (see Figure 3). 

Figure 1 : Students performing crop management on the field. 

Figure 2: Students growing crops in containers and undercover. 

Figure 3: Sales day event where students sell agri-products developed to Faculty. 
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The programme, which is currently in its second year, was designed with two aims in 
mind. First, to allow students to experience, in real time, the challenges and issues that 
farmers face on the field in the production of a crop for market and rearing of broiler 
chicken for market. The rationale underpinning this first objective was that students 
were not being equipped with real-world knowledge and skills. The second objective 
was to provide experiences that would assist these students to develop a marketing 
strategy for selling their produce and developing an agri-product using only produce 
grown at the University Field Station (UFS). 

In the first week of the programme, students start their own nurseries (from a pool of 
seeds), establish short-term crops and prepare pens for arrival of 1-day old chickens. 
They are then required to start working on identifying crops grown at the UFS which can 
be used to develop a new agri-product. They are also required within the first week to 
develop a marketing strategy which will enable them to generate enough funds to return 
at least $1,000TTD to the Department of Food Production. They are assisted in 
developing this strategy by the Agri-business Open-day event that they are required to 
assist in, where various Agri-producer stakeholders are invited to set up displays and 
talks to motivate students to begin changing their view of agriculture as a business. 
According to Kolb (1984) and Beaudin & Quick (1995), such an event is designed to 
communicate abstract information and ideas that will impact the learning of the student. 
Students are also required within the first week to develop, as part of their marketing 
strategy, a consumer profile (demographics and psychographics) from the university 
population. 

Students are asked to form a business with at least ten students, guided by a Facilitator 
(usually a final year or postgraduate student). They will then develop a new product or 
service that is simple and inexpensive to produce using produce from The University 
Field Station only and with minimal external inputs. Products and services that have 
been developed and marketed by student teams include fresh vegetable produce, 
breadfruit and dasheen punch, cassava and sweet potato mix chips, and several unique 
dishes (see examples in Figures 4 and 5). 

Student teams are provided with start-up inputs which include - seeds, seedlings etc., 
all of which are provided by the Department of Food Production. Student teams are 
therefore not given any start-up capital. They are advised, however, to use their groups' 
funds, but all costs must be properly recorded and reported in their budgets. The 
emphasis of the activity is on what is learnt not what is achieved. 

There are no marks allocated for the volume of sales or the amount of profits gained. 
Students are assessed on their ability to develop tactics that are consistent with their 
stated objectives and strategies, as well as their ability to analyze activities and improve 
performance. This is intended as a safe environment to encourage student teams to 
take risks and be innovative. 
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Figure 4: Cross-section of products developed by students. 

Figure 5: Students interacting with Faculty. 

Figure 6: Students using entertainment as a marketing strategy to sell their products at 
sales day. 

Agri-business Assessment 

Students are required to complete several assessment items for the course, which runs 
over one semester of 6 weeks of full day training from 0700 - 1500 hr and comprises 13 
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field lectures, demonstrations and quizzes. Student teams are required to first complete 
a marketing strategy by week 2. Student teams must design an integrated garden for 
producing their vegetables, some of which will be sold, processed and used for the food 
competition. Student teams, though guided by a Facilitator, must assign a team leader 
who adopts the role of marketing manager, product manager, pricing manager, 
distribution manager, or promotion manager, and they are graded on their ability to 
understand and implement the functions of these roles (attempts are usually made to 
rotate the role among team members). Teams are assessed on their knowledge and 
competency on skills acquired in both field crop and livestock on selected days by the 
course coordinator. Attendance during the conduct of the programme is a compulsory 
requirement of this course and students are also awarded a grade for this. 

With all the activities of the programme, including the agri-business open day, field trips, 
group presentations, sales day, field and livestock activities and food competition, 
students can observe and reflect on the success of their plans and competitive 
responses in their journals, which are also assessed at the end of the programme. 

Some registered students enrolled in this practical skills programme usually take a 
theoretical 13-week course, which introduces the basic concepts and principles of crop 
and livestock production with an emphasis on agri-business. Other students who are 
not required to do this course (such as the General Agriculture students) are contacted 
via email prior to the start of the programme, and the pedagogical approach is explained 
to identify the benefits. This approach "pre-sells" the concepts and lowers student 
resistance. 

Experiential learning involves action, learning-by-doing, student engagement into active 
involvement and commitment of educationally purposeful activities. This benefits the 
students' personal life as they continue to use the tools and skills they have acquired 
and refined at university. Students who are not engaged usually lack commitment, 
which is reflected in low class attendance and general disinterest. 

This practical skills programme attempted to stimulate students to work together 
collaboratively by integrating production, marketing, accounting, human behaviour, and 
business environment concepts in management of agricultural businesses. This paper 
compares and contrasts student engagement for this programme with a traditional 
lecture course, where assessment is individually based and not based on experiential 
learning. 

In contrast to a traditional lecture course, where there is no direct contact with the 
production process, in AGRI1000, students produce their own crops from seed, 
seedlings, interact with key stakeholders, develop business strategies and use their 
creativity in developing their unique product using local available raw materials. This 
involvement with balancing real-world issues and marketing theory is more 
academically challenging than in a traditional course. 
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Interaction with faculty members inside and outside of the classroom provides an 
opportunity for students to see firsthand how experts think about, and solve, problems. 
Teachers become role models, mentors, and guides for continuous lifelong learning. In 
the traditional lecture course, the students' only interaction with faculty is via formal 
teaching contact and in specified consultation periods. This compares with the practical 
skills programme, where there was the opportunity for students to interact not only with 
faculty but also with various agricultural stakeholders, in order to assist students in 
problem solving. 

Methodology 

Students enrolled in the programme were invited to do the questionnaire on the final 
day of the programme. The survey required students to focus on their experience in 
one of the aforementioned courses. 

The first section of the survey required students to report on a number of demographic 
variables, including gender, age, ethnicity, programme enrolment status, reason for 
pursuing agriculture, whether they did the theoretical course and if so, if it helped them 
in improving their understanding. Students were also asked of their intended career. 

Data Analysis 

The instruments were divided into two domains to satisfy the objectives of the study 
such as demographic variables, whereas the second generated data on students' 
programme satisfaction in the practical skills programme. Satisfaction was measured 
using a Likert-type rating scale with the following categories: 5 = excellent; 4 = good; 3 = 
average; 2 = poor; and 1 = unacceptable. The students were also asked to indicate the 
extent to which they thought they had learnt farm operations skills from the practical 
skills programme. The questionnaire was pretested for content validity. The suggestions 
of the pretest were incorporated into the final version of the questionnaire. The effect of 
demographics (gender, age and ethnicity), degree specialization and doing AGRI 1010 
on satisfaction were analyzed using the Statistical Package for Social Sciences (SPSS) 
Version 19. Data were analyzed using frequency tables and descriptive statistics to 
present the data and to describe respondents' demographic characteristics. Nominal 
relationships/associations between gender and competence levels on agricultural 
production skills, age and degree option were analyzed using Pearson's chi-square test. 
The strength of the association was interpreted using Cramer's V score. 

Results and Discussion 

Biographical data on students in AGRI 1000: Practical skills 

Tables 1 and 2 give a description of the students in 2011 and 2012 who did AGRI 1000: 
Practical skills in agriculture. Data collected using a survey instrument at the end of the 
intensive 6-week programme included gender, age, ethnicity, academic programme 
specialization and attendance status. 
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Overall more females than males did the practical skills programme in both years. Of 
the 130 and 125 questionnaires distributed in 2011 and 2012, respectively, 98 (81.6%) 
and 105 (84%) were completed and returned. The samples of 98 respondents in 2011 
consisted of 53.1% female and 46.9% male, while of the 105 respondents in 2012, 
62.9% were female and 37.1% male. 

A large proportion of the respondents 67.3% (46.7%) were between 20 to 24 years of 
age while 27.6% (39.0%) were under 20 years of age, indicating that a majority of them 
never worked before coming to enroll in their Bachelor of Science degree programme at 
the University of the West Indies. 

The majority of students in both years were of East Indian descent (41.0%) followed by 
an average of 23.5% Africans and 23.6% individuals of mixed heritage. This is reflective 
of the high East Indian farming community in Trinidad. The agriculture production sector 
is dominated by East Indian farmers, many of whose children tend to follow in the 
farming tradition. Many of the students of African descent were not Trinidadians but 
were from Jamaican, Barbados, St. Kitts, St. Lucia and Tobago. 

Table 1. Characteristics of student participants 
2011 2012 

Characteristics Male % 
N=46.9 

Female % 
N=53.1 

Male % 
N=37.1 

Female % 
N=62.9 

Age groups 
<20 

2 0 - 2 4 
2 5 - 3 0 

> 31 

27.6 
67.3 
4.1 
1.0 

39.0 
46.7 
14.3 

0 
Ethnicity 

East Indian 
African 
Chinese 

Caucasian 
Mixed 
Other 

41.8 
19.4 
4.1 
10.2 
22.4 
2.0 

41.0 
27.6 
0.0 
0.0 

24.8 
6.7 

Degree 
BSc. General Agriculture 

Agribusiness Management 
Agricultural Science major 

Other 

22.4 
44.9 
27.6 
5.1 

29.5 
41.0 
16.2 
13.3 

Attendance status 
Part-time 
Full-time 

2.0 
98.0 

1.9 
98.1 
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Table 2. Programme related characteristics 
2011 2012 

Reason for pursuing agriculture 
Family business 6.1 

Seek employment 8.2 
Start own business 38.8 

Like subject 12.2 
No other choice 32.7 

Other 1.0 
Did AGR11010 

Yes 80.6 76.2 
No 18.4 23.8 

Adequacy of AGR11010 
Not applicable 25.5 -

Yes 67.3 76.2 
No 7.1 23.8 

Reason for not doing AGR11010 
Not applicable 71.4 76.2 

Failed to understand theory 6.1 1.0 
Did AGRI 1016 18.4 21.0 
Other reasons 4.1 1.9 

Regarding the programme being pursued by the respondents 44.9% (41.0%) of them 
were Agribusiness Management students whereas 22.4% (29.5%) were pursuing a BSc 
in General Agriculture and 27.6% (16.2%) a major in Agricultural Science on a full-time 
basis. Many students apply for a BSc. Management in the Faculty of Social Sciences 
and sometimes do not qualify for acceptance. This group of students are usually offered 
their second and third options in the BSc. Agribusiness Management programme. Their 
attitude toward the programme is usually very negative, a fact that was reflected in their 
low attendance level in the practical skills summer programme as well as the theoretical 
taught course (AGRI 1010: Introduction to Crop and Livestock Production) which is 
offered mainly to the Agribusiness and Agriscience students in the prior semester. 

Of all the students, 38.8% indicated that the reason for pursuing agriculture was to start 
their own business, followed by no other choice (32.7%). This result can be attributed to 
the fact that many of them are agribusiness management students who have an interest 
in becoming entrepreneurs. While 12.2% indicated that they liked the subject, 6.1% 
indicated that they have a family owned business in agriculture. Finally, 80.6% and 
76.2% of the respondents indicated that they did AGRI 1010 in 2011 and 2012, 
respectively, and that the course prepared them adequately for AGRI 1000. 
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Table 3: Measures of association (Cramer's V) between how students rate course 
related criteria and gender, age, degree specialization, ethnicity and doing AGRI 
1010 for AGRI 1000 students 

Gender Age Degree option Ethnicity Done 
AGRI1010 

Rate subject matter content 0.177 0.104 0.174 0.211 .094 
0.165 0.205 0.197 0.305** 0.263* 

Rate delivery 0.210 0.105 0.161 0.188 0.162 
0.153 0.220 0.184 0.241* 0.305* 

Applicability to career 0.015 0.133 0.170 0.184 0.680 
0.222 0.343** 0.216 0.291** 0.045 

Quality of teaching methods 0.204 0.202 0.147 0.189 .082 
0.300 0.422** 0.329** 0.369** 0.145 

Class schedules 0.127 0.159 0.172 0.214 0.178 
0.272 0.374** 0.323** 0.330** 0.301* 

Facilitator's leadership skills 0.144 0.192 0.193 0.162 0.183 
0.252 0.467** 0.316** 0.435** 0.169 

Facilitator's competence 0.202 0.183 0.149 0.191 0.128 
0.305 0.392** 0.309** 0.421** 0.259 

Assessment methods 0.128 0.189 0.170 0.266 0.180 
0.300 0.237* 0.346** 0.278** 0.450** 

Livestock coordinator's 0.087 0.158 0.194 0.257 0.159 
leadership 0.305 0.342** 0.368** 0.260* 0.397** 
Livestock coordinator's 0.062 0.127 0.161 0.203 0.141 
competence 0.245 0.280* 0.241* 0.235* 0.289* 
Crop coordinator's leadership 0.157 0.171 0.100 0.248 0.133 

0.147 0.262* 0.248* 0.204 0.155 
Crop coordinator's competence 0.123 0.152 0.107 0.217 0.131 

0.187 0.300** 0.262* 0.170 0.118 
Significance: NS= not significant (P>0.05); *significant (P<0.05); ***significant (P<0.001) 

Conclusions and Recommendations 

Today's employers demand that agricultural graduates be well-grounded in practical 
content. The AGRI 1000: Practical skills programme provided students with 'hands-on' 
experience and the opportunity to apply theory learnt in the classroom to the field, real-
life/ situation in which students had to adapt and solve problems on a daily basis. The 
re-adjustments to the AGRI 1000 programme through student engagement proved to be 
a novel opportunity for undergraduate agricultural students to gain practical skills 
supplemented by their theoretical knowledge in agriculture. Clearly this programme on 
its own will no doubt enhance employability or self-employment in agribusiness on 
graduation. 

There is a need for the sustainability of the competency-based curricula that reflect 
inter-programme modules for all academic programmes in the Faculty of Food and 
Agriculture. The University must ensure that proper perception, appropriate attitude and 
right teaching / communication behaviour are acquired through sound practical 
agricultural training. To this end, there is a need to put in place adequate resources and 
learning environment for the field-based practical which are intended to train agri-
entrepreneurs. 
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FOOD SAFETY REQUIREMENTS FOR SUSTAINABLE AGRICULTURAL 
PRODUCTION IN SURINAME ACCORDING TO (INTER)NATIONAL STANDARDS 

W. Malgie1, L. Ori2, and H. Ori3. 1 Sustainable Development, 2Faculty of Technology, 
3Faculty of Social Studies, University of Suriname, Suriname 

ABSTRACT: In Suriname use of chemical application is widely used in rice, banana 
and vegetable production. Even though, the pesticide law has not yet been enforced in 
Suriname, the Ministry of Agriculture (LVV) has taken several steps to reduce chemical 
application, such as the introduction of Good Agricultural Practices (GAP) since 2003. 
Despite these actions, between 2003 and now, the Ministry of Agriculture (MoA is still 
receiving notifications from the Netherlands (largest export market). However, it is 
important that farmers comply with food safety requirements to protect themselves and 
the consumer, because the concerns over their health impacts are rapidly growing. A 
survey was conducted with sixty farmers, spread over six regions, in district 
Commewijne to investigate how farmers are cultivating their crops and if they are 
cultivating according to the minimum food safety rules. Findings of this research 
revealed that farmers didn't cultivate their vegetables in a sustainable matter. For 
example a number of farmers either burned their empty pesticide bottle or throw it in a 
ditch on their land. Results also indicate that most farmers do not use biological 
pesticides, but also don't know what biological control is. Respondents also feel that the 
MOA in Suriname does not provide the farmers with adequate information about 
sustainable methods in vegetable production. The majority of the farmers believed that 
extension ( L W ) didn't pay attention to farmers who have questions about new pests or 
to farmers who are facing agricultural production problems. 

Keywords: Food Safety, Sustainable Agriculture, Biological Control, Pesticide 
Legislation. 

46 



Proceedings of the Caribbean Food Crops Society. 49:99-107. 2013 

SENSORY EVALUATION AS A TOOL IN DETERMINING ACCEPTABILITY OF 
PROCESSED LOCAL AGRICULTURAL PRODUCTS 

D. Singh-Ackbarali1 and R. Maharaj2. 1 University of Trinidad and Tobago, Point Lisas 
Industrial Estate, Point Lisas Trinidad & Tobago, 2University of Trinidad and Tobago, 
Caroni North Bank Road, Centeno, Via Arima, Mausica, Trinidad & Tobago 

ABSTRACT: This paper discusses how university students were able to use sensory 
evaluation to determine the acceptability of new and innovative food products they 
developed. The report presents the individual cases where each entrepreneurial 
student: designed and chose a sensory evaluation method, designed their sensory 
questionnaire, determined their panel group size, and conducted statistical analysis on 
the data they collected. Since this was a pilot testing of the new and innovative food 
products, consumer oriented testing methods were chosen and a panel group of twenty 
was determined to be appropriate. Samples were presented to panelists in an 
appropriate test area, on an appropriate tray, at the right time and conditions 
(temperature) and with a well-designed scorecard/questionnaire. Data was collected 
from several different type of sensory evaluation tests including: hedonic ratings, food 
action rating, descripting rating, paired comparison and descriptive profiling. The data 
collected were treated statistically, for example by using two-tailed binomial test, and 
interpreted, thus allowing for valid information that can prove product quality and 
acceptability to be presented to any product development and marketing departments in 
any food and beverage company that may wish to adopt and produce these products. 
After conducting their evaluations and statistical analyses, the students determined and 
concluded that the products they presented to the panelists were acceptable but had 
room for improvement and also that the panelists had a highly positive attitude toward 
eating the products and even purchasing these if they were to become available on the 
market. 

Keywords: Sensory evaluation, product development, food and beverage industry, 
panelists, test room. 

Introduction 

The primary consideration for selecting and eating a food commodity is the palatability 
or eating quality of the product; other quality parameters, such as nutrition and 
wholesomeness, are secondary (Meiselman and MacFie, 1996; Lawless and Heymann, 
1998). Players in the food and beverage industry can gain a market edge, if the quality 
of their product is appealing and appetizing or more specifically that the eating quality 
attributes of aroma, taste, aftertaste, tactual properties and appearance are acceptable 
to the consumer so that they crave for more. Thus, if we accept that food quality is that 
"which the consumer likes best", then a good method of deciding quality of a food is 
through sensory evaluation. 
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A widely accepted definition for sensory evaluation is: "a scientific discipline used to 
evoke, measure, analyze and interpret those responses to products that are perceived 
by the senses of sight, smell, touch, taste and hearing" (Stone and Sidel 1993). Sensory 
analysis can be considered to be a multidisciplinary science that uses human panelists 
sensory perception related to thresholds of determination of attributes, the variance in 
individual sensory response -experimental design to measure the sensory 
characteristics and the acceptability of food products, as well as many other materials. 
Since there is no one instrument that can replicate or replace the human psychological 
and emotional response, the sensory evaluation component of any food study is 
essential and the importance of good experimental design cannot be overemphasised in 
sensory experiments. Sensory analysis is applicable to a variety of areas such as; 
inspection of raw materials, product development, product improvement, cost reduction, 
quality control, selection of packaging material, shelf life/storage studies, establishing 
analytical/instrument/sensory relationship and process development. 

Grading methods for food and beverage products, traditionally involved one or two 
trained "experts" assigning quality scores on the appearance, flavor and texture of the 
products based on the presence or absence of predetermined defects. These traditional 
judging methods have several shortcomings: they can't predict consumer acceptance; 
their quality assessments are subjective; assigning quantitative scores is difficult; and 
they don't combine analytically oriented attribute ratings with affectively oriented quality 
scores (Claassen and Lawless, 1992). Thus by using traditional methods of evaluation, 
some products with very different sensory characteristics, such as those identified by a 
product flavour profile, but with no product defect will obtain the same quality score. 

For all sensory assessment methods, humans are the measuring instrument. In order 
for a sensory assessment to provide reliable and valid results, the sensory panel must 
be treated as a scientific instrument; that is, members of the panel must be screened, 
calibrated and validated (Meilgaard et al., 1999). Tests using sensory panels must be 
conducted under controlled conditions, using appropriate experimental designs, test 
methods and statistical analyses. 

There are many types of sensory analysis methods, the most popular being difference 
tests, descriptive analysis and consumer acceptance testing (Lawless and Haymann, 
1998). Difference tests estimate the magnitude of sensory differences between 
samples, but one limitation of these tests is that the nature of the differences is not 
defined. It is usually a common practice to use a combination of difference tests and 
descriptive sensory analysis for problem-solving. Descriptive sensory analysis uses 
several techniques that seek to discriminate between a range of products based on their 
sensory characteristics and also to determine a quantitative description of the sensory 
differences that can be identified, not just the defects. Consumer acceptance, 
preference, and hedonic (degree of liking) tests are used to determine the degree of 
consumer acceptance for a product. It is also considered to be consumer tests, since 
they should be conducted using untrained consumer panels. Acceptance of a food 
product usually indicates actual use of the product (purchase and eating). 
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This report emphasizes the importance of descriptive analysis and hedonic tests as 
sensory tools for food products, and it presents a few examples of how sensory analysis 
was applied successfully to resolving specific challenges and preparing new and unique 
food products for market acceptability by students in the University's Food Science and 
Technology programme. Since product flavor quality drives consumer acceptance and 
demand, the ability to measure sensory attributes characteristic of high-quality products 
is necessary for the development and production of products that meet consumer 
expectations. To increase the appeal of their offerings/products, food and beverage 
processors/manufacturers need to understand what flavor attributes affect flavor 
acceptance and then devise ways to control these critical flavor attributes. 

Methods 

Sample Preparation and Delivery 

Students prepared and served samples to the panellists for evaluation based on 
guidelines included in the text: Sensory Evaluation of Food: Principles and Practices by 
Lawless and Haymann (1998). Samples of food were uniform in size/volume and of the 
same temperature at serving. They were coded by random three-digit numbers and 
presented in clean odour-free containers. In the cases where more than one sample 
had to be assessed, the assessors did not receive the samples in the same order, since 
this could introduce a bias. Assessors were provided with a glass of water to rinse their 
mouths out with between each sample to remove all traces of the previous sample. 
Assessors were also seated in a room which was free of distractions, had good lighting 
and ventilation and were also seated in a manner so that they could not communicate 
with each other. 

Selection of Sensory Test and Statistical Evaluation 

This will be discussed in depth for each of the individual Case Studies presented in the 
report; however, Table 1 has information on how the type of sensory evaluation method 
was chosen. The students decided on what questions they wanted answered and used 
the corresponding evaluation method(s) guided by literature from Institute of Food 
Technologist and the book Basic Sensory Methods for Food Evaluation by Watts, 
Ylimaki and Jeffry (1989). 
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Table 1. Matching the right Sensory Evaluation Method with the Right Question. 

Questions Sensory 
Evaluation 
Method 

Basic Setup 

Are products different? 

Which sample has 
greater intensity of an 
attribute? E.g. which is 
sweeter? 

Discrimination/ 

Difference Tests 

• 20-50 panelists 
• Screened for acuity (keenness or 

sharpness of perception, i.e. can they 
smell and taste well?) 

• Analysis is done using statistical tables 
which compare results to chance - this 
analysis ensures that the difference was 
real and not because people chose the 
correct sample by luck/chance. 

• One-tailed binomial test, two-tailed 
binomial test and Chi Square test 

If products are different, 
how are they different? 

What is the magnitude 
of these differences? 

Descriptive 
Analysis 

• 8-12 panelists or 6 to 10 panelist 
• Screened for acuity, Trained 
• Asked to rate intensity for all sensory 

attributes 
• Analysis is done using a t-test or ANOVA 

to determine if means are statistically 
different. 

What is the acceptability 
of a product? Is the 
product liked? Is one 
product preferred over 
another? 

Affective/ 

Preference 

Hedonic Tests 

• 75-150 consumers per test 
• Min of 20 for pilot testing 
• Screened for product use (Do they buy the 

product? And how often?) 
• Asked degree of liking (how much do they 

like it) and/or preference questions 
• Friedman test, t-test, 2 tailed binomial, 

ANOVA 

Selection of Panel Members 

Students, staff and children of staff were recruited from the University with the use of 
fliers and class announcements to conduct sensory evaluation tests. Persons who 
indicated that they were interested in volunteered were then screened to determine if 
they were already biased to any food product, if they had any dietary restrictions, if they 
were allergic to any food products and also if they were free from any virus and sinus 
and nasal congestion. Persons who were healthy, had no allergies, no dietary 
restrictions and who did not have any great aversions to any specific food product were 
selected as panel members. 
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Discussion 

Case Study 1 

The first case study is a student's attempt at developing a unique nutritious, delicious 
and fun drink for kids between the ages of 4 and 10 and also for teenagers. They called 
this unique drink ABC punch. The student first did their research into what type of 
ingredients can be used and also the proportions and combinations of ingredients that 
would be complimentary. After the primary ingredients were chosen, a recipe was 
developed and sensory evaluation tests were performed. 

Students, staff and children of staff were recruited from the University with the use of 
fliers and class announcements to conduct sensory evaluation tests. The sensory 
evaluation was carried out in three phases. The first phase involved a hedonic rating 
test for adults and teenagers and a questionnaire. These were designed to get the test 
subjects acceptance on certain product attributes; appearance, aroma, taste, sweetness 
and mouth-feel/texture, and also to determine if they normally like the taste of apples, 
bananas and carrots. The questionnaire was designed to get the panelist's comments 
and recommendations on how the product can be improved. The Second phase was a 
facial hedonic rating test for children; this test was also used to determine which of the 
product's characteristics were liked the most or least and to determine which of the 
fruits and vegetables used in the product they liked and didn't like. The final phase used 
a food action/attitude rating test to determine the attitudes of panelists to the modified 
punch. 

Sensory tests were carried out in a classroom, with white light and away from the 
preparation room. In all phases participants signed an informed consent form and 20 
participants were chosen for the pilot testing. 

Sensory Evaluation for ABC Punch 

Hedonic Rating Test and Questionnaire for First Phase, see Figure 1 for sample of 
scorecard that was presented. 
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Sc ore ca rd - Hedonic RKrig Scale 

Traynumber Name 
In frort of you is one sample. Taste the sample and lick ̂  how much you ike or distke each of fte 
characteristcs. You can lasts tie sample more than once. 

Appearance Mima Taäe Sweetness Teïlure/mouth-feel 
Li le a lot 

Li le a Stile 

Neitier like nor 
idik.e 

Disike a Stile 
Dtsike a loi 

Figure 1. Scorecard used for Hedonic Rating Test given to the adults 
for the evaluation of ABC Punch. 

To calculate the score for each product each descriptor was assigned a score value: 
like a lot = 5, like a little = 4, neither like nor dislike = 3, dislike a little = 2, dislike a lot = 
1. Figure 2 below gives some of the calculations that was done using the data 
collected. 

Record Sheet - Hedonic fating Scale 
Food Characteristic - Appearance, Aroma, Taste, Sweetness, TeXure.1'Kibmh-feeJ 

Score Value Assigned: 
i le a lot = 5 ike a We = 4 neitier like nor dtsike = 3 (fisike aittle = 2 <fdike a lol= 1 

1 2 
Tester 

3 4 20 
Total 
Score 

Average Score 
{<0ld score ̂  num ber of 

testes) 
Appearance 5 pis 4 pis 4 pis 4pts 4 pis 84 4.2 

Aroma 4 pis 4 pis 5 pis 5pe 5 pis 92 4.6 

Taste 4 pi 5PI 5 ptE 5pts 5 pi 96 4.S 

Sweetness 2 pi 2PI 4 pt 4pt 4 pi 64 3.2 

Teniae/ 
hfcuth-feel 3pt 3PI 2 pt 2 pt 3pt 52 2.6 

Figure 2. Summary of results from Hedonic Rating Test taken by 
the adults and teenagers for Funky ABC Punch. 

The results from phase one, showed that the appearance, aroma and taste were 
accepted and well liked by the panelists; however, improvements were needed to 
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reduce the level of sweetness and to make the punch less thick and grainy. The adults 
who normally do not like the flavour of banana and carrots enjoyed the overall flavour of 
the punch. 

Sc ore card Hedonic fating Seal« 

Tray number Name 

Taste the sam̂ e and Sek how much you tke or diäjke each of !he diaadens&cs. You can taäe the 
sample raw re than once. 

( Ä ) 
v ^ y 
HATE 

O y 
DONT LIKE 

( g ) 

DON'T MIND 

/V- -ON 

LIKE 

<S) 
LOVE 

COLOUR 
SMELL 
TASTE 
SWEETNESS 
MOUTHFEEL 

(a) 

HowmiKh do )Oi Ue (he ;aste of assîtes? Ö 
ί 
v ^ y 

ϋ ί J <&) (φ 
Hinte I hem Don l hfce !»>&n» Dnn'l mî d II* β m Like llmm Love them 

Howmuch do jit» tke the lasse of bananas? 

(' ^ ( % ) v ^ v o y 
Λν JA «te 
V - y 

f V 

foo) 
ν - ^ y v r v 

Hntii Ihnm D-LHi't tifce Ilium Dun't mind Ihr m Like Ilia«** | ,|V„ hîhhi. 

Howmuch do fcke iKe taste ofeamos? 

H-ni*1 iKorn Don'l lïlce Ifivm Oun'l fnIred il«e»m Lhk-e iIibto Low tl»mii 
(b) 
Figures 3(a) and (b). Hedonic Rating Test given to the children 

(4-10 years) for the evaluation of Funky ABC Punch. 

These results were similar to those from the phase one, the children loved the colour, 
smell, taste and sweetness of the punch. They did not like the consistency of the punch, 
it was too thick in their opinion. Also, children who indicated that they hated or did not 
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like the taste of any one of the main ingredients, the apple, banana and carrots, 
indicated that they loved or liked the taste of the punch. 

For the Third Phase a Food Action/Attitude Rating test was done (see Figure 4 for 
sample of scorecard that was presented). A seven point scale (ranging from Ί would 
buy this every opportunity that I had', to Ί would buy this only if forced to') was used to 
determine the attitudes of panelists to the drink. Assessors were asked to evaluate a 
sample of the modified punch and indicate which action best described their feelings. 

Storecard - Food Action Rating Test 

Traynumber Name 

You -are presented wifi a food sample. 
Rea se taste tie sample and tick f the box thai best descries how you feel about it. 

• I would buy it fe every opportunity i i a I had 
• I would buy it every often 
• I Eke this and vcidd buyknowand lien 
• I would buy l i b if a vaiabie but would not go out of my way 
• I doni ike this but would buy it on occasion 
• I would hadlyewr buyths 
• I would buy his onlyif forced lo 

Figure 4. Scorecard used for Food Action Rating Test for 
Funky ABC Punch. 

After all the scorecards were tabulated, the results showed that 55% of the assessors 
agreed that they would purchase the product very often, 20% said they would buy the 
product now and then while 25% indicated that they would hardly ever buy the product. 

Case Study 2 

The second case study is a student's attempt at developing a healthy granola bar 
snack, TCL's Fruity Nutritional Bar. The student first did their research on the cost of the 
different raw materials and ingredients that can be used in product and also the cost of 
the equipment that will be needed to produce the granola bar. After the primary 
ingredients were chosen, a recipe was developed and after the first sample was made, 
sensory evaluation tests were performed. 

Students, staff and children of staff were recruited from the University with the use of 
fliers and class announcements to conduct sensory evaluation tests. The sensory 
evaluation was carried out in three phases. The first phase involved a hedonic rating 
test and a questionnaire which were used to get the subjects acceptance on certain 
product attributes; appearance (colour and shape), taste/flavour, smell/odour and 
mouth-feel/texture, and also to get recommendations on how the granola bar can be 
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improved. The Second phase was another hedonic rating test for the modified product. 
The final phase used a food action/attitude rating test to determine the attitudes of 
panelists to the modified granola bar. 

Sensory tests were carried out in a classroom, with white light and away from the 
preparation room. In all phases participants signed an informed consent form and 20 
participants were chosen for the pilot testing. 

Sensory Evaluation for TCL's Fruity Granola Bar 

Hedonic Rating Test and Questionnaire for First Phase, see Figure 5 for sample of 
scorecard that was presented. 

Scorecard - Hedonic Rating Stale 

Tray number Name 

In front cf ^xi is a coded sample. Taste the sample and ick S how much ike or (fidike it. You can 
taäe the sample more than once. 

Appeirince'coloitr Taste'Flavoiir Smell'Odour Tfflttu r&'Moii thfeel 
lite extremely 
like TOfy mich 
like moderately 
li]s slightly 
neither nor dislike 
dislike slightly 
dislike moderately 
dislike TOiy nuch 
dislike ectremely 

Figure 5. Scorecard used for Hedonic Rating Test given to the adults for 
the evaluation of TCL's Fruity Granola Bar. 

To calculate the score for each product, each descriptor was assigned a score value: 
Liked extremely = 9, like very much = 8, like moderately = 7, like slightly = 6, neither like 
nor dislike = 5, dislike slightly = 4, dislike moderately = 3, dislike very much = 2, dislike 
extremely = 1. 
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Record Sheet 
Hedonic Rating Scale 

Food Characteristics - Appearancecolour. Taste,(Flavour, SmellOdour. Te χ ture, fvfau thfeel, 
Sweetness 

Score Va lue Assigned: 
Liked extremely = 9, like very much = S, like moderately = 7, like dighüy = 6, neither like 
nor di dike = 5, dislike slightly = 4, dislike modéra tely= 3, dislike verymuch = 2, dislike 
extremely= 1 

1 2 
Tester 

3 4 20 
Total 
Score 

Average Score 
Qad score ̂  ntm ber of 

lestes} 
Appearance 

(colour, shape) 9 9 9 S 7 165 fl.3 

TasteFlavour 9 δ 7 5 4 145 7.4 

Smell,'Odour 9 7 ß 6 6 152 7.6 

Texture/ 
Mjuthfeel 4 7 7 5 6 124 6.2 

Swee tness 7 7 8 a 6 150 7.5 

Figure 6. Summary of results from Hedonic Rating Test taken 
for TCL's Fruity Granola Bar. 

The results showed that the panelists thought that the texture could be improved, they 
thought that it was too brittle or crumbly. Some of the suggestions on the questionnaire 
were to use marshmallows to help the product bind better. A few persons also 
recommended that the almonds be replaced with sun flower seeds so that persons who 
are allergic to nuts can safely consume the product. 

For the Second Phase a Food Action/Attitude Rating test was done (see Figure 7 for 
sample of scorecard that was presented). A seven point scale (ranging from Ί would eat 
this every opportunity that I had' to Ί would eat this only if forced to') was used to 
determine the attitudes of panelists to the snack. Assessors were asked to evaluate a 
sample of the modified granola bar and indicate which action best described their 
feelings. 
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Scor ecird - Food Action Rating Test 

Traynumber Name 

You are presented with a food sample. 
Please taste tie sample and tick S the bos that best de scribes how yju feel aboutit. 

C I wOuldeattiu s eveiy opportunity that I had 
C I would ea t tili s very often 
C I like this and would eat it now and dien 
C I would ea t tili s if available but would not go out of my way 
C I don't like this but would eat it on occasion 
C I would hardly ever eat this 
C I would eat tili s only if forced to 

Figure 7. Scorecard used for Food Action Rating Test for TCL's Fruity 
Granola Bar. 

After all the scorecards were tabulated, the results showed that 58% of the assessors 
agreed that they would eat the product very often, 17% said they would eat the product 
if it was available but would not go out of their way to do so, and 25% indicated that they 
would only eat the product if forced to. 

Case Study 3 

The development of a unique flavoured ice cream, Corn Flakes N' Kandied Fruit 
Koconut Ice Cream. The student first developed the attribute profile for what they 
wanted the ice cream to be. The primary ingredients were chosen and the recipe was 
then developed. Batches of the product were made and these underwent sensory 
evaluation. 

Students and staff were recruited from the University with the use of fliers and class 
announcements to conduct sensory evaluation tests. The sensory evaluation was 
carried out in three phases. The first phase involved a descriptive rating test and 
questionnaire which were designed to get the test subjects perception on the product's 
appearance, aroma, texture, sweetness and flavour. The results from the questionnaire 
and test were used to develop the panelist sensory/attribute profile for the ice cream. 
The Second phase was a paired preference test, where panelist were given two 
samples from the original and modified recipes of the product and asked to identify 
which they preferred. The final phase used a food action/attitude rating test to determine 
the attitudes of panelists to the modified ice cream. 

Sensory tests were carried out in a classroom, with white light and away from the 
preparation room. In all phases participants signed an informed consent form and 20 
participants were chosen for the pilot testing. 
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Sensory Evaluation for Corn Flakes N' Kandied Fruit Koconut Ice Cream 

Descriptive Rating Test and Questionnaire for First Phase, see Figure 8 for sample of 
scorecard that was presented. 

Storecard 
Descriptive Rating Test - one product 

Tray number Name 
You are presented with a sample of Ice Cream. 
Please evaluate and rate the sample for each attribute and mark the number that best 
describes ymr choice on the accompanying line scale. 

1 = unappealing 2 = needs improvement 3 = Ok 4 = appealing 5 = very appealing 

Attributes 

Appearance 

ι 1 1 1 1 

1 2 3 4 5 

Aroma 

ι 1 1 1 1 
1 2 3 4 5 

Texture ι 1 1 1 1 
1 2 3 4 5 

Sweetness ι 1 1 1 1 
1 2 3 4 5 

Flavour 
ι 1 1 1 1 
1 2 3 4 5 

Figure 8. Scorecard used for Descriptive Rating Test for 
Corn Flakes N' Kandied Fruit Koconut Ice Cream. 

After the average score for each attribute was calculated, the profile for the ice cream 
that was generated was: the ice cream had an appealing aroma and flavour; however, 
the texture was just ok and the sweetness needed improvement. The results from the 
questionnaire showed that the texture and consistency of the ice cream base was good 
but panelist thought the ice cream to be too sweet, and that changes should be made to 
the corn flakes topping so that the natural crunchiness of this is maintained, they also 
suggested that the cornflakes should be incorporated within the ice cream. The results 
from this questionnaire was used to modify the recipe by changing the topping from 
raisins to candied papaya and the corn flake topping was changed to one that was 
glazed in a fruity syrup. 
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Paired preference test for Second Phase, see Figure 9 for sample of scorecard that was 
presented. Panelist were given two coded samples, one from the original recipe (322) 
and one from the modified recipe (983), simultaneously, and were asked to identify 
which they preferred. Ten of the trays were prepared with sample 322 on the left and 10 
of the trays were prepared with sample 983 on the left, trays were served randomly to 
each panelist. 

Scorecard - Paired Comparison Test 

Tray numb er Name 

You are presented with two coded samples. Please taste the samples on the left first 
Circle the sample that you prefer. You must make a choice. 

322 933 

Figure 9. Scorecard used for Paired Comparison Test for Corn Flakes N' 
Kandied Fruit Koconut Ice Cream. 

The results were analysed using a 2-tailed binomial test. The number of judges 
preferring each sample is totaled and the totals tested for significance using statistical 
table where X represents the number of panelists preferring a sample and η represents 
the total number of panelists participating in the test. The table contains decimal 
probabilities for certain combinations of X and n. The result was that 17 out of 20 
panelists prefer sample 983, the probability from the statistical table (X = 17, η = 20) 
would be 0.003. Since a probability of 0.05 or less is usually required for the result to be 
considered significant, it would be concluded that sample 983 was significantly 
preferred over sample 322. 

For the Third Phase a Food Action/Attitude Rating test was done, see Figure 10 for 
sample of scorecard that was presented. A seven point scale (ranging from Ί would eat 
this every opportunity that I had' to Ί would eat this only if forced to') was used to 
determine the attitudes of panelists to this dessert. Assessors were asked to evaluate a 
sample of the modified ice cream and indicate which action best described their 
feelings. After all the scorecards were tabulated, the results showed that 80% of the 
assessors agreed that they would eat the product very often. 
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Scorecard - Food Action Rating Test 

Traynumber Name 

You are presented with a food sample. 
Please laste the sample and tick ^ the box that best de scribes how y>u feel aboutit. 

C I would eatthi s every opportunity that I had 
C I would eat this very often 
• I like thi s and vrould eat it now and then 
C I would ea t thi s if available but would not go out of my way 
C I dtm= t like this but would ea t it on occasion 
C I would hardly ever eat this 
C I would eat thisonlyif forced to 

Figure 10. Scorecard used for Food Action Rating Test for Corn Flakes N' 
Kandied Fruit Koconut Ice Cream 

Case Study 4 

The final case study looks at a student's attempt at developing a unique ready to eat 
product that was described as a fusion of a gyro and a Jamaican patty, T-Style Patty. 
The student first developed the attribute profile for what they wanted the shell and the 
filling to be. The recipe was then developed and primary ingredients were chosen. After 
the first batch of the product was made, samples underwent sensory evaluation. 

Students and staff were recruited from the University with the use of fliers and class 
announcements to conduct sensory evaluation tests. The sensory evaluation was 
carried out in three phases. The first phase involved a descriptive profile and 
questionnaire which were designed to get the test subjects perception on attributes of 
both the patty shell and the filling. The attributes that were studied were taste/flavour, 
smell/odour and texture/mouthfeel. The results from the questionnaire and test were 
used to develop the panelist sensory/attribute profile for the patty and to make 
alterations to the recipe. The Second phase was a hedonic rating test, which was 
designed to get the test subjects acceptance on certain attributes of the shell and the 
filling; appearance/colour, taste/flavour, aroma and mouth-feel/texture. The final phase 
used a food action/attitude rating test to determine the attitudes of panelists to eating 
the patty. 

Sensory tests were carried out in a classroom, with white light and away from the 
preparation room. In all phases participants signed an informed consent form and 20 
participants were chosen for the pilot testing 

Sensory Evaluation for T-Style Patty 

Descriptive Analysis and Questionnaire for First Phase, see Figure 11 for sample of 
scorecard that was presented. 
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Scorecard - Descriptive Profiliiig 

Y o u are presented wi th one coded sample. 
Please evaluate the sample and c i rc le the w o r d that be s t describes each at tr ibute for bo th the 
shell and die filling. Y o u m a y taste die sample m o r e than once. 

At t r ibute Descr ip t ions fo r Shel l 

Appea rance Appet iz ing D r y G r e a s y C r u m b l y Fla t 

Taste'' Fl avour T a s t y S a l l y F a t l y B u r n t Undercooke d 

A r o m a Ranc id Aromat i c M u s t y S a v o u r y M i d 

Texture D r y C h e w y Sof t H a r d G r e a s y 

Att r ibute Descr ip t ions fo r Filling 

Appea rance Appet iz ing D r y G r e a s y M o i s t Gra ined 

Tas te 'F lavour T a s t y Sa l ty Bland S a v o u r y Undercooke d 

A r o m a Ranc id Aromat i c M u s t y S a v o u r y M i d 

Texture D r y C h e w y M o i s t Tender G r a i n y 

Figure 11. Scorecard used for Descriptive Test for T-Style Patty. 

After the information from the scorecards and questionnaires were collated, the profile 
description that was generated for the patty. The patty had an appetizing appearance, it 
was tasty and savoury, the aroma of the shell was mild while that of the filling was both 
aromatic and savoury and it had moist filling in a soft shell. The results from the 
questionnaire showed that 67.5% of the panelist found the product to be fantastic with 
no improvements needed while the remaining percentage thought the product was in 
need of improvement due to personal presence in salt, but would eat again. 

For the Second Phase, see Figure 12 for sample of scorecard that was presented for 
the hedonic rating test. Panelist were given a coded sample and asked to how much 
they liked or disliked certain product attributes; appearance, taste, aroma and texture. 

Scorecard - Hedonic Rating Scale 
Date 
T a y number Name 

b front of you is a coded sample. Examine, smell arid taste both the shell and filling of the sample and 
tick S how o u c h you like or dislike i t for each attribute. 

Appearance Taste Aroma Texture 
Shell Filling Shell Filling Shell Filling Shell Filling 

Like TOry much 
Like moderately 
Neither like nor dislike 
Dislike moderately 
Dislike w r y m i c h 

Figure 12. Scorecard used for Hedonic Rating Test given to the panelists 
for the evaluation of both the shell and filling of the T-Style Patty. 
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To calculate the score for each product each descriptor was assigned a score value: 
Like very much = 5, like moderately = 4, neither like nor dislike = 3, dislike moderately = 
2, dislike very much = 1. 

Record Sheet - Hedonic Ratrg Scale 
Food Product Filing 
Score Vakie Assigned: 
Like veiy much = 5, like moderately= 
2,di&keveiymu£li = l. 

4,neither liken jrdiiike = 3, didike modéra tely= 

Tester Total Average Score 
{Mdscofênifnbeoi 

isles) 1 2 3 4 20 Score 
Average Score 

{Mdscofênifnbeoi 
isles) 

Appeaance 5 pts 5 p6 3 pis 5 ρε 4 pts 58 4.4 points 

TaSe 5 pts 5ps 4 pis 5ps 5 pis 96 4.8 ponts 

Aroma 5 pt 5 pt 4 pis 4 ρε 5 pt 92 4.6 points 

Teilte 5 pt 3 pt 4 pis 5pt- 5 pis 55 4.4 ports 

Record Sheet - Hedonic Rathg Scafe 
Food Product Shell 
Score \klue Assigned: 
Like verymuch= 5. like moderately=4. neilher like nor dislike = 3 
2, dislike verymucli= 1. 

dislike moderatety= 

Tester Total Average Score 
{Hdscorêmmbeof 

tees) 1 2 3 4 20 Score 
Average Score 

{Hdscorêmmbeof 
tees) 

Appeaaice 3 pis 4 pts 3 pts 5 pis 4 pts 76 3.3 ports 

Taste 5 pis 5 pts 4 pts 5 pis 5 pts 96 4 i points 

Aroma 4 pt 4 pi 4 pis 4 pis 3 pt 76 3.8 ports 

Tenure 5 pt 4 pi 5 pis 4 pts 3 pts 84 ports 

Fig 13. Summary of results from Hedonic Rating Test taken for T-Style 
Patty. 

The results showed that the taste of the entire product was very much liked but the 
aroma and the appearance of the filling did not have much of an impact. 

For the Third Phase a Food Action/Attitude Rating test was done, see Figure 14 for 
sample of scorecard that was presented A seven point scale (ranging from I would eat 
this every opportunity that I had to I would eat this only if forced to) was used to 
determine the attitudes of panelists to food product. Assessors were asked to evaluate 
a sample of the patty and indicate which action best describes their feelings. After all 
the scorecards were tabulated, the results showed that 85% of the assessors agreed 
that they would eat the product very often. 

Scorecard - Food Action Rating Test 

Tray number Name 

Y o u are presented with a food sample. 
Please laste liie sample and tick S the box that best de scribes how yju feel aboutit. 

C I would eat thi se1very opportunity that I had 
C I would eat this very often 
• I like this and would eat it now and then 
C I would ea t thi s if available but would not go out of my way 
C I don" t like this but would ea t it on occasion 
C I would hardly ever eat this 
C I would eat thi s only if forced to 

Figure 14. Scorecard used for Food Action Rating Test for T-Style Patty. 
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Conclusion 

Sensory analysis is an important tool in food science and is becoming accepted as a 
necessary part of food quality experiments. The basic procedures outlined earlier, 
produce effective sensory results that can be used to develop and modify recipes and 
predict market success of a new product. 

While the case studies discussed showed that Sensory analysis is a powerful tool in its 
own right, coupling sensory analysis with chemical analysis data can provide even more 
insights than using either technique alone. 

Since product flavor quality drives consumer acceptance and demand, the ability to 
measure sensory attributes characteristic of high-quality products is necessary for the 
development and production of products that meet consumer expectations. The 
student's Sensory tests were conducted under controlled conditions to reduce bias 
(prejudice or influence) on how panelists view the product(s). The test room used was 
free from distractions (sound, odors) to not influence people's decisions of the product. 
Samples were also presented in a random order and assigned three-digit 
product/sample code, to keep food products anonymous and to further reduce 
influencing the panelists' decision. The students designed and conducted sensory tests 
that measured if any differences detected were truly significant by analyzing the sensory 
data for statistical significance. After statistical analysis, the students made a 
meaningful interpretation from the results of the sensory data. 
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TESTING THE WATERS: CONSUMERS ACCEPTANCE OF GENETICALLY 
MODIFIED (GM) FOODS BASED ON THEIR WILLINGNESS TO PAY FOR GM 
TOMATOES 

I. Narine, W. Ganpat, and G. Seepersad. Agriculture Economics and Extension, 
University of the West Indies, Trinidad and Tobago 

ABSTRACT: Jones (1999) stated that all GM foods publicly available for consumption 
have been subjected to comprehensive safety assessments. In spite of this, consumers 
appear to be skeptical about these foods. This study seeks to determine local 
consumers knowledge of GM foods based on their willingness to pay (WTP) for 
Genetically Modified (GM) tomatoes. Costa-Font et. al. (2010) stated that in most cases, 
consumers with more knowledge of GM foods were more likely to buy GM foods. Data 
were collected via a structure questionnaire from a random sample of 405 consumers 
across major towns of Trinidad. An ANOVA model was used to determine the 
differences in mean maximum willingness to pay for GM tomatoes based on several key 
socio-demographic variables and consumers' perception of the health risks of GM 
foods. Results showed that there was a significant difference in mean maximum WTP 
for GM tomatoes based on the factors; age, area of residence, and consumers' 
perceptions towards the health benefits of GM tomatoes. On average, consumers were 
willing to pay 25% less for GM tomatoes when compared to open field tomatoes. 
Consumers generally had negative attitudes toward the consumption of GM tomatoes 
and the source of this negativity seems to lie in their perception of its health benefits. 
Descriptive results showed that more educated consumers were willing to pay similar 
prices to that of conventional tomatoes for GM tomatoes; implying that they were aware 
that most concerns regarding GM foods may be untrue or exaggerated. Local 
consumers need to be objectively educated about GM foods; they need to be assured 
that GM foods pose similar threats to that of conventionally produced foods. 

Keywords: Genetically Modified Foods, Consumer, Tomatoes. 
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DEVELOPMENT OF THE HOT PEPPER INDUSTRY IN THE ENGLISH-SPEAKING 
SUB-REGION OF THE CARIBBEAN - GENETIC IMPROVEMENT 

H. Adams1, C. Roberts2, A. Sinha2, B. Lauckner1, and J. Lawrence1. The Caribbean 
Agricultural Research and Development Institute, St Augustine Campus, Trinidad and 
Tobago, West Indies. 1 CARDI-Barbados, Cave Hill Campus 2CARDI-Belize, 3Central 
Farms, Belize, 4Jamaica 

ABSTRACT: Hot peppers (Capsicum chinense Jacq.) are popular in the Caribbean 
among growers, consumers, agro-processors. CARDI has been conserving and 
developing the Regional Capsicum germplasm. The Institute selected the first 
commercial cultivars such as the West Indies Red and CARDI Green which are being 
planted in many countries. Over the recent past the Moruga Red has been purified, 
stabilised and commercialised in Trinidad and Tobago. Other selections derived from 
the Regional gene pool such as the Scotch Bonnet, Tiger Teeth, Red Congo and 
Cayenne were also purified and stabilised. The Scotch Bonnet was improved through a 
backcross programme implemented in Jamaica. The cross between Scotch Bonnet χ 
Bird Pepper resulted in two selections, Joyce and Phyllis, with yellow berries. As the hot 
pepper industry grew in CARICOM, CARDI led the way in also developing a sustainable 
commercial seed production system linking Barbados, Antigua and Belize. The positive 
impact made by both genetic improvement and the steady supply of high quality seed 
on the overall growth of the hot pepper industry, was briefly described. Emphases 
should be placed on breeding for resistances and the expression of hybrid vigour in 
future work. 

Introduction 

The main pillar supporting the Caribbean hot pepper industry is its germplasm of the 
Capsicum chinense Jacq. species which originated in the Neotropics of the New World. 
This diverse species boasts biotypes of the highest pungency and the strongest unique 
aromas far surpassing the others, for instance the Capsicum annuum L. 

From as early as 1980 CARDI recognised that the demand for Caribbean hot peppers 
was rapidly increasing particularly on the export market where they were all lumped 
under the trade name of 'Scotch Bonnet' (Adams 1997). No description of this cultivar 
was found in the literature at that time. However, a yellow fruited pepper with bonnet 
shaped berries was grown in Jamaica where it was called 'Scotch Bonnet.' Other 
populations of hot pepper landraces with certain percentages of their berries bonnet 
shaped and red coloured were re-introduced into production for the export market for 
hot red peppers although mixtures of green and yellow berries were also traded. A 
closer look at the other landraces disclosed many national favourites but they had the 
following traits in common: 

1. They were not characterised 
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2. The berries were not sufficiently uniform for the export market and 
3. Quality seed was not available. Farmers recouped seeds from the standing crop 

resulting in a steady accumulation of viral disease particles and increased inter-
crossing between biotypes which led to crop and berry quality decline. 

The solution, therefore, presented itself as the need for larger and more uniformly 
shaped berries and a sustained supply of quality seed from genetically pure cultivars. 

Materials and Methods 

The main short and medium term problems, described above, were to be solved 
through genetic and agronomic improvement inter alia. The existing landraces were to 
be primarily purified and stabilised, thereafter quality seed produced and supplied to 
growers regularly. Agronomic improvement was to be done simultaneously. The first 
characters to be genetically improved through simple recurrent mass selection, after 
ensuring selfing, were as follows: 

High pungency in berry 
Uniform berry size and shape 
Uniform deep dark-red colour of mesocarp 
High general adaptability of populations 
Uniform plant height and canopy width 
Uniform flowering and ripening of plants and 
High productivity of per plant 

1) The selection procedure was applied to plants grown out of seeds obtained in 1989 from 
Jamaica, Trinidad, Barbados and the East Caribbean. "Red Scotch Bonnet" seeds were 
re-introduced from the UK. Red berries were kept separately from the yellows. The 
plantings and selections were carried out in Antigua at Betty's Hope and Green Castle 
from 1990 to 1996. 

2) Basic seed was supplied to the seed production units in Belize and Barbados. The 
cultivars were characterised for some characters using a short list of the IPGRI 
Descriptors (1995). 

This first effort was followed by: 

1) CARDI - Barbados — Adams - Collecting missions and establishment of the 
Regional Hot Pepper Genebank (seed room and fields) 

2) Evaluation, purification, stabilisation and breeders' seed production of 
commercial landraces of the region - Barbados 

3) Crossing of Scotch Bonnet χ Bird Pepper followed by selection among the 
segregants (F2-9) in Barbados 

4) CARDI - Barbados - Roberts, C. - breeding for resistance to viral diseases 
5) Genebank maintenance and continuous supply of breeders' seed to the 

commercial seed multiplication units in CARDI Antigua and CARDI Belize 
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6) Breeding for viral disease resistances with Scotch Bonnet in Jamaica McGlashan 
-(2007) 

7) Purification and stabilisation of eight Trinidad and Tobago landraces, Adams 
(2003) 

8) Agronomic improvement - high plant population densities (Adams, 2010-2012) -
Trinidad 

9) UWI - Cave Hill, St. Augustine and Mona campuses- biotechnology, pure lines 
and hybridization 

The major national collaborators are the Sugarcane Feed Centre (SFC), National 
Agricultural Marketing Development Corporation (NAMDEVCO), the Ministry of Food 
Production, and the Tobago House of Assembly (THA) - support the inputs and 
infrastructure. 

International Collaborations 

Asian Vegetable Research and Development Center (AVRDC), Biodiversity 
International (Bl), the Global Crop Diversity Trust (GCDT), and the Pepper Breeding 
Institute of the University of New Mexico. 

Results and Discussion 

The two first selections from the regional heterogeneous landraces differed in fruit 
colour, yellow and red berries. A limited number of characters were described to allow 
identification by the stakeholders in the hot pepper industry. 

Key Indicators of the Species 

Like the Scotch Bonnet heterogeneous landrace, these two selections also belonged to 
Capsicum chinense Jacq. as evidenced by the taxonomic indicators of greenish white 
corolla, marked annular constriction ring at the calyx/peduncle juncture, Pickersgill 
(1989), and a mean of three berries per node or branch axil. 

Cultivar Descriptors 

The first selection, a typical West Indies Red hot pepper plant exhibits the following 
characters: 

Plant habit 

Stout, low compact shrub with a flattish crown, 60-80 cm high and 70-110 cm wide. 
There are 2-4 secondary branches arising out of a primary. Several water 
shoots/suckers close to the base of the main stem may be produced especially by 
lodged plants, giving the shrub an uneven growth look. 
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Flowers and Flowering 

Two to six flowers are produced in each branch/branch or branch/leaf axil or at each 
stem node. Flowering is year round appearing in flushes about 2-3 weeks apart. 
Flowers are pendant; petals number five or six and are greenish white. The anthers 
number five or six and the stamens are light blue to purple in colour. 

Fruits 

The fruits are botanically berries and light green in colour when immature. Ripening 
berries attain a deep orange red which turns to crimson. Some dark green glossy 
berries ripen to a deep darker red colour. The fruits of West Indies Yellow remain a 
golden yellow colour upon maturity. The berries are pendant and persistent at maturity. 

Fruit Shape 

There is still considerable variability and berries are generally of the lantern type i.e. 
with the broadest part close to the peduncle and tapering towards the blossom end. 

The berry may be blunt or with a sharply pointed distal end. In cross section the berry 
wall may vary from slightly to deeply corrugated. In the longitudinal section the berry 
wall may be smooth to somewhat folded. Rarely is there a complete double fold all the 
way round the equator of the berry as in the true Scotch Bonnet. 

Fruit size 

Berry sizes, similar to other qualitative characters such as plant height, vary with the 
growing conditions, developmental stages and age of the plants. The following sizes 
were recorded in the Caribbean: 

Mean weight of berry 9 - 15 g 
Mean length of berry 30-60 mm 
Diameter of berry 25-50 mm 
Number of berries in a kg 77-88 (35-40 in a pound) 

Pungency and aroma of berries 

These cultivars have been classified as the superhot group due to the high pungency in 
their berries when compared to those of C. annuum cultivars with very lower 
pungencies. The West Indies Red berries are >100,000 SHU whilst the C. annuum 
cultivars vary from 20,000 - 80,000 SHU. 
The total organoleptic qualities of West Indies Red are not found elsewhere in the world 
and can be said to be uniquely Caribbean. 
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Yields and Harvests 

Berry yield depends on many environmental and managerial factors. In Antigua, 
Trinidad and Tobago and Barbados, several crops produced averages of 15,000 to 
25,000 kg/ha (13,365 to 22,275 Ib/ac) marketable berries. Yields generally increased 
from the first to the sixth picking, at 2-3 weeks intervals, reached a plateau from the 6th 
- 8th picking after which came a decline in productivity and berry sizes. The yields can 
be stabilised up to the 12th picking if management is maintained at a high level with 
regular and adequate irrigation, fertilisation and efficient spraying to keep down pests 
and diseases (especially viral diseases, Phythophthora root rots, white flies, aphids, fruit 
worms, mites and thrips). 

The efforts to breed highly adaptable and marketable varieties resulted in a number of 
selections in the advanced segregating generations of the cross between Scotch 
Bonnet χ Bird Pepper. This interspecific cross produced two selections (Joyce and 
Phyllis) with yellow berries. They are being evaluated around the region. 

The Scotch Bonnet in Jamaica was improved firstly through the selection of a 4-lobed 
berry type which was subsequently converted into a variety with resistance to TEV and 
PVY viral diseases. This was achieved through a series of backcrosses successfully 
incorporating the resistant genes. McGlashan (personal communication, 2007). 

The University of the West Indies, St. Augustine Campus has put together a germplasm 
collection of C. chinense, carried out molecular and morphological characterisation of 
the accessions and defined the phylogenetic relationships of the Caribbean germplasm 
to the Central America and Amazonian (Umaharan et al. 2007). This work is the 
precursor to the selection of pure lines and the evaluation of hybrid combinations 
between these lines. 

The overall economic result of significant importance to the hot pepper industry is the 
production of quality seed extracted from the improved landraces. The further 
degeneration of the landraces has been halted partly through the sustained production 
and distribution of quality seed of West Indies Red, Yellow Scotch Bonnet, CARDI 
Green, Moruga Red and Scorpion to farmers. 

At the same time the Regional Germplasm Collection is maintained along with breeder's 
seed of the five landraces mentioned above. 

Conclusions 

The next step in genetic improvement is the crossing in different parental combinations 
and their evaluation to determine the value of the new hybrids. These are expected to 
be of a higher productivity both in quantity and quality of berries and processed 
products owing to the expression of heterosis in certain characters. The selection of the 
parental pure lines and the analyses of the resulting F1 and segregating progenies are 
to determine the combinations that will exhibit heterosis in the production of capsaicin, 

69 



in berry productivity and tolerances to pests and diseases. Also male sterile lines must 
be created and utilised to reduce the cost of hybrid seed production. 

Finally, the new pure lines and the resulting hybrids should be protected under the Plant 
Breeders' Rights of the UPOV Convention. 
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VALUE CHAIN STRENGHTEINING OF PROTECTED AGRICULTURE AND ROOT 
AND TUBER INDUSTRIES IN JAMAICA THROUGH CARDI 

N. Reid, D. Erskine-Jones, W. Lawrence, D. Clarke Harris, and L. Johnson. Caribbean 
Agricultural Research and Development Institute, The University of the West Indies, 
Jamaica 

ABSTRACT: The Caribbean Agricultural Research and Development Institute (CARDI) 
through funding from the Common Fund for Commodities (CFC) and the European 
Union (EU) engaged in projects to strengthen and develop stakeholders in both the 
protected agriculture and root and tuber industries across six countries in the Caribbean 
viz. Jamaica, Haiti, Dominica, St. Vincent, Barbados and Trinidad & Tobago. These 
projects were launched in 2010, with an emphasis on targeting challenges in the 
respective value chains for each country. Our aim was to strengthen them with the 
appropriate interventions and necessary linkages among producers, processors, 
markets and consumers. With focus on the Jamaican value chains explored under the 
project, needs assessment were conducted to identify specific challenges being faced 
by the producer and processor groups. The output of these assessments gave rise to 
the development of appropriate group dynamics programmes, technical training 
sessions and group transformation interventions for one greenhouse producer group, 
and six root and tuber producer groups. Processor groups have been exposed to 
technical sessions on food safety; and strategic linkages developed along the value 
chain, promoting food security and providing sustainable economies through 
agribusiness. One of the main highlights which capture the essence of the project 
objectives is observed in a cassava producer group, Bernard Lodge United Progressive 
Farmers, being developed into a farmers' cooperative after going through the necessary 
training and sensitizations; and also being linked into clusters with processors and other 
stakeholders which promote the use of cassava in diverse culinary creations to 
encourage consumers to utilize these foods in new ways. 

Keywords: CARDI, Value Chain, Agribusiness, Protected Agriculture, Roots and Tubers 

Introduction 

Under two projects supported by the Common Fund for Commodities (CFC) and 
European Union (EU) and being implemented by the Caribbean Agricultural Research 
and Development Institute (CARDI), the improvement of livelihoods along the protected 
agriculture and root and tuber crop commodity chains in the Caribbean is being 
achieved in part through the use of appropriate production technologies. The 
commodities prioritized were yams, sweet potato and cassava for the root and tubers, 
while vegetables and herbs were targeted for protected agriculture. An integrated 
approach to these production systems will increase productivity and enhance product 
quality thereby contributing increased incomes across the supply chain. By 
understanding how the value chain naturally operates for an industry, areas of 
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deficiencies can be acknowledged and targeted for strengthening to improve the overall 
efficacy. 

Inappropriate agronomic practices have been identified as constraints hindering the 
development of protected agriculture and root and tuber crops in the Caribbean. 
Generally speaking, this is applicable to most Caribbean countries, however, there are 
certain intricacies associated with each nation's value chain systems, impacting on 
overall productivity. The two regional projects were launched in 2010 targeting: 
Jamaica, Haiti, Dominica, St. Vincent, Barbados and Trinidad & Tobago. Experiential 
learning is central to the range of methodologies used, as the producers are engaged 
and encouraged to be more grounded participants in their training programme. 
Processors are also another key linkage in the value chain, as their throughput and 
demand for fresh produce help to guide the marketability of value added goods in the 
value chain. 

Although each of the participating countries involved in the execution of the project had 
its respective challenges in its own value chain, a general approach was taken in 
general which was applicable to all. With focus on the Jamaican arm of the project, 
greater details will be provided; using one of the targeted producer groups as a case 
study. The transformations that occurred within the group were indicative of value chain 
strengthening that would improve the livelihoods and lead to greater communities and 
efficiencies. 

Materials and Methods 

Based on the identified needs of target value chain systems, interventions were made 
with stakeholder groups under the guidance of the respective project document and the 
National Coordinating Committees made up of key stakeholders from government, 
industry and export divisions. 

Demonstration Plots were established with farmer groups, where best practices were 
showcased at the respective sites for yams, cassava and sweet potato production. The 
farmer groups were recommended by the Rural Agricultural Development Authority 
(RADA), the government extension service which interfaces with farmers. Based on 
observed areas of weaknesses with producers and processors, training and group 
strengthening activities were scheduled in collaboration with specially identified 
facilitators. Farmer Field School methodology was used in training and with pre and 
post training questionnaires administered to measure knowledge changes. 
Infrastructural support was given in the form of equipment and expansion of existing 
laboratory and food processing facilities to improve capacities. Stronger linkages along 
the value chain were also forged through the use of dialogue platforms such as 
interviews and stakeholders' meetings. 

Discussion 

From stakeholder consultations, the producer link in the value chain was deemed the 
most critical point for intervention. This conclusion was based on to the role of that 
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segment in determining the quantity and quality of primary product that is available to 
consumers. Based on the general observation of the widespread use of inappropriate 
agronomic practices, special focus was given to exposing the producer to good 
agricultural practices. The needs assessments conducted among the producer groups 
elucidated specific areas of challenges and relevant capacity building programmes were 
developed to address these issues. Issues arose with respect to group functionality and 
technical adeptness. Addressing the group functionality challenges, training modules 
targeting group dynamics were used, with sessions on: Leadership/ Team Building; 
Entrepreneurship; Conflict Resolution; and official ceremonial registration of a group. 
With respect to technical adeptness, good agricultural practices (GAPs) and integrated 
pest management (IPM) systems modules were delivered to build the groups capacity 
in: Marketing and Business Management; Land Preparation; IPM; Integrated Crop 
Management; Post/ Harvest Management; GLOBALGAP/ Food Safety and HACCP. 

Training was conducted with the respective groups, facilitated by the expertise of 
officers from government and private sectors. A memorandum of understanding was 
signed off on with the extension division of the Ministry of Agriculture and Fisheries in 
Jamaica, RADA to assist with the technical training of the producer groups. Consultants 
with specialized expertise were also brought in for the group dynamics sessions from 
agencies such as the Dispute Resolution Foundation. The training sessions in the form 
of on-farm discussions and demonstrations were effective, as the producer groups were 
able to gather at a convenient location in their communities and participate freely. The 
short questionnaires distributed before and after each session were used as a marker to 
determine how effective the messages were delivered by the trainers, and how 
receptive the groups were to the new information. In every case, the sessions showed 
an overall improvement in scores between the pre and post training questionnaires, 
suggesting increased awareness of best practices and an understanding of group 
f 

Figure 1: Bernard Lodge United Progressive Farmers Co-op during team building 
training (left) and marketing training (right). 

The case study of the Bernard Lodge farmers' group is described below. The group 
consists of mostly male farmers between ages 35 and 551 years. It is a very diverse and 

1 There is, however, very active and involved female member. 
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resourceful group: education levels vary from primary to tertiary; there is a combination 
of full time and part time farmers; a few members have formal agriculture training; and 
although two members have more than 30 years farming experience, most of the 
members have been farming for less than 10 years. Cassava is not the main crop for 
any member of the group. Only five of the 12 members interviewed had ever grown 
cassava. More than 80% of the members interviewed believed cassava could be a 
profitable crop. However, profitable production is perceived to be restricted by the low 
selling price, laborious and expensive harvesting procedures, and small and easily 
saturated markets. These were highlighted as serious constraints to expanding cassava 
production. The quantities that could be absorbed by the two processing facilities were 
not deemed adequate to support profitable production of the crop. With the exception of 
one member, cassava in the area is grown without fertilizer and pesticide. 

The Needs Assessment conducted highlighted the following: 

1. Marketing of cassava needed priority focus as the group was frustrated by 
minimal sales from large acreages of cassava produced. 

2. Group formation needed to take place for the group to become a legally 
registered Cooperative. 

3. Need RADA to assist in implementing a Production Plan to ensure efficient 
usage of land to improve financial returns to farmers within the group. 

4. Stakeholder intervention needed to address pricing and marketing of produce. 
5. Empowerment Training programme was a required intervention. 

Having completed their training in the respective topics, a meeting was conducted by 
personnel from the Department of Cooperatives and Friendly Societies (DCFS) with the 
objective being for the group to participate in designing the rules and regulations which 
will dictate the operations of the group as a Cooperative, the ratification of the business 
plan as well as the share allocation inclusive of cost for its members. Approval was 
granted for their application to become a Cooperative, and an Inaugural Meeting (IGM) 
to formalize the registration process was conducted within 60 days of receipt of the 
Certificate of Incorporation. The group is now legally recognized as the Bernard Lodge 
United Progressive Farmers Co-operative Limited (BLUPF). 

There are at least 75 persons employed (as full time, task or days workers) at the 12 
operations that participated in the interviews. In most instances the farm workers were 
from depressed communities that were in close proximity to the farms. Farm operators 
were generally dissatisfied with male workers' attitudes and performances. 

There are a number of stakeholders2 with which the group currently has relationships 
for supply of various inputs, outputs and services that are related to cassava production 

2 CARDI; National Land Agency; Other persons providing sub-lease in the area; Bodies Research Station; 
RADA; Twickenham Industries; Central Food Packers; Farmers and other domestic markets; more than six 
land preparation services providers in the Bernard Lodge area; National Irrigation Commission, Jamaica Drip, 
Fersan, Agro-grace, Ace Supercentre, Evergrow, National Commercial Bank, Scotia Bank, Victoria Mutual 
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and marketing. Whilst some are within the Bernard Lodge area others extend to other 
parishes as far as Manchester. The relationships associated with markets, land 
preparation, finance and labour (and therefore planting and harvesting in-efficiencies) 
were deemed the most inadequate and in need of attention. 

5 φ 
»111 * ^ 

Figure 2: Members of the Bernard Lodge United Progressive Farmers 
Co-operative conducting their Inaugural General Meeting. 

Mechanical land preparation is the dominant mode of land preparation in the group; 
however, the systems are currently plagued by long and unpredictable waiting periods 
with the rental services available. Most of the land preparation activities in BLUPF are 
carried out by a member of the group at a reduced cost. However, it is under resourced 
(an older tractor that is prone to breaking down and borrowed land preparation 
equipment). Other small service providers in the area have the same limitation. 
Although RADA also provides the service, the number of tractors in the parish is still 
inadequate to provide timely delivery. Consequently, land preparation problems are a 
serious constraint to the efficient production of cassava and other crops in the area. 
Cassava harvesting is done manually and is seen as a laborious task that is avoided 
unless absolutely necessary. It is also very costly, as it can account for USD$40.00 out 
of every USD$100.00 (or USD$120.003) earned from the crop. Current production 
trends and limited access to capital have not encouraged further investments in land 
preparation and harvesting equipment. However, it was felt that if the group could be 
supported in acquiring some of the equipment to improve their production (mainly the 
tractor and harvester), they could influence a change in the way cassava production is 
done in the flat plains of Jamaica. 

The small size of the cassava market currently accessible to farmers in Bernard Lodge 
is a major deterrent to cassava production. Initially, Twickenham Industries (one of the 
major processor in the area was only able to absorb very small quantities from the 
group (1400 kg weekly). This quantity makes the crop not economically viable for the 

Building Society; Jamaica National Building Society; St. Catherine's Cooperative Credit Union; World Net; GSB 
Credit Union; Jamaica Business Development Commission. 

3 USD$100.00 if the selling price is USD$0.10 per lb but USD$ 120.00 if the selling price is USD$0.27 per kg. 
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group to pursue. Another processor, Central Packers, was not ready to absorb a lot 
more due to prior market contracts. Organizations were reluctant to enter formal 
relationships (contracts) with the group. Members of the group pointed out that because 
of the small profit margins cassava's profitability is dependent on farmers producing 
larger quantities. Consequently, accessing new and larger markets is crucial. Since 
then, the facilities of Twickenham Industries have been upgraded and their production 
capacities increased through funds provided under the CFC EU project. The funds were 
provided to commission the fabrication of two purpose-built roll away trolleys (1.8 m χ 
1.5 m χ 2.1 m) with 10 shelves each, for use in a previously acquired oven (5.95 m3). 
The trolleys allow conveyor stacking for efficient loading. The project also assisted with 
the installation of a mill which was donated to Twickenham from a previous EU 
intervention. Civil works (assembly and electrical works) were undertaken to put the 
unit into operation. 

4 

Figure 3: The constructed trolleys of drying racks (left) which can be loaded and 
rolled in and out of the oven and the mill (right) installed. 

The pieces of equipment are being used to dry and grind cassava for making flour, 
cereals, and pancake mixes. From discussions with the management of the factory, the 
increase in the throughput of the factory operations has facilitated the recruitment of two 
additional persons; one to operate the oven and the other to operate the mill. 

The Management of Twickenham Industries has also reported that with the purpose-
built oven racks and mill installation, the number of value added products made by the 
Twickenham Industries operation will be increased three-fold. The milling and drying 
facilities will also be rented by other cottage industry groups/entities as a means of 
generating additional income for Twickenham Industries. 

CARDI organized activities to facilitate discussions with and among players, building 
relationships with stakeholders that have the potential to improve access to reliable and 
large enough markets; improve access to finances; lessen land preparation and 
harvesting inefficiencies; improved access to quality planting material and production 
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technologies; and increase information sharing. Using a multi-agency effort (involving 
the farmers group and four other organizations/institutions) a Demonstration Field Plot 
was established. A Cassava Field Day hosted at the site aimed to demonstrate 
technological options for cassava tuber production and increase stakeholder awareness 
of these and the activities of the agencies and group involved. A joint effort with the 
University of Technology Jamaica was also undertaken to organize a Cassava Day 
which consisted of technical sessions, booth exhibitions and a cassava based luncheon 
which formed the backdrop of the launch of a cassava recipe book entitled "Celebrating 
the Wonders of Cassava". This event, which featured numerous industry actors as 
presenters or exhibitors, was to facilitate networking, increase awareness and promote 
relationships along the cassava value chain. The activities at the event were also 
designed to increase stakeholder awareness of trends, constraints and opportunities in 
the cassava industry while increasing consumer awareness and acceptance for various 
cassava products that are currently available. 

Conclusion 

By group formation and strengthening activities conducted across the region under 
these CFC-EU funded projects, producers have been empowered by improved skills in 
group dynamics and linkages to critical players along their respective value chains. The 
case of the Bernard Lodge United Progressive Farmers Co-operative Limited 
demonstrates the potential opportunities of formal farmers' groups being strategically 
linked to stakeholders which add value to the overall industry. By providing the 
necessary training and giving the right exposure to other players in the value chain, 
farmers and other actors are able to contribute more effectively and have a greater 
appreciation for the other players involved. Multi-stakeholder events such as the 
Cassava Day were able to highlight the possibilities and facilitate dialogue among 
stakeholders along the value chain, networking and sharing information with the 
consumer to promote the consumption of locally grown foods thus contributing to 
reduced food imports, food security and food sovereignty. 
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A STUDY AND DEVELOPMENT OF AN AGRICULTURAL BUSINESS INCUBATOR 
MODEL AIMED AT IMPROVING THE SEAMLESS FLOW OF AGRICULTURAL 
STUDENTS FROM PRIMARY THROUGH TERTIARY EDUCATION AND JOB 
CREATION IN GUYANA 

P.A. Francis and E.C.D Turkeyen. Faculty of Agriculture and Forestry, University of 
Guyana, Guyana 

ABSTRACT: The 'Jagdeo initiative' identifies Lack of Skilled and Quality Human 
Resources as a key binding constraint to the development of Agriculture in the 
CARICOM region. This problem persists despite the fact that adequate numbers of 
young persons are trained each year at many levels to serve in this sector. This study 
evaluates the socio-economic environment which supports young persons who choose 
to study Agriculture and addresses the following: 

• Factors which directly influence the choice of careers made by young 
people who study Agriculture 

• Evaluates incubator models in Guyana, Jamaica and at the University 
of Tennessee Knoxville USA 

• Evaluates the role of supporting organizations to the Agricultural sector 
• Proposes an Agricultural business incubator model aimed at improving 

the seamless flow of agricultural students from primary through tertiary 
education and job creation. 

The study indicates that the choice of Agriculture as a career particularly as a young 
entrepreneur is stymied by: 

• Lack of adequate financing and the high cost of financing agricultural 
enterprises 

• Lack of specific knowledge particularly modern agricultural techniques 
and equipment 

• Stigma attached to manual labour associated with traditional agriculture 
• Inadequate marketing arrangements 
• Difficulties in land acquisition and ownership 
• Inadequate technical services e.g. soil testing and allied services 
• Inadequate support from Government and other allied institutions -

Policy 
The recommendation is that an Argotic incubator be established at the University of 
Guyana with linkages to the Guyana School of Agriculture using a mixed model 
incubator system. This will allow for new and emerging technologies as well as startup 
of businesses using existing technologies. A model incubator is proposed. 

Keywords: Business Incubator, Agriculture, Young Entrepreneur. 
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BIOSCIENCES, AGRICULTURE AND FOOD TECHNOLOGIES (BAFT) BUSINESS 
INCUBATOR MODEL 

A. Walters and R. Maharaj. Biosciences, Agriculture and Food Technologies (BAFT) 
Unit, University of Trinidad and Tobago, Trinidad and Tobago 

ABSTRACT: The agricultural sector of Trinidad and Tobago is characterized by a very 
low and declining contribution to the country's GDP; an aging farming population and a 
lack of interest and investment by young adults in the sector, resulting in an extremely 
high food import bill and a food insecure nation, despite significant investment in all 
aspects of agriculture over the last fifty years. In order to address this dangerous 
decline, a new approach has been adopted to training students pursuing the degree 
programmmes at the University of Trinidad and Tobago's Biosciences, Agriculture and 
Food Technologies unit. There is a focus on training students to become entrepreneurs 
of vertically integrated projects, thereby allowing the new breed of farmer to capture a 
significantly higher percentage of the value chain than has been traditionally 
accomplished. The anticipation is that due to a better economic return, many more 
persons will be attracted and retained by the sector. A significant course is the Incubator 
Project in which students are expected to graduate having developed and partially 
implemented a project which is technically feasible and financially viable. Training is 
based on a three-pronged approach: - Sensitization in which students are apprised of all 
the significant economic, technical, managerial and trade factors affecting critical 
agricultural subsectors and modern practical methods to correct these deficiencies. 
Preparation, whereby students are specifically prepared to implement a vertically 
integrated and viable project of their choice via intensive training in marketing, 
economics, accounting, information technology and the appropriate technical aspects. 
Execution in which they are taught how to complete a business plan, fund, implement 
and manage in a practical manner the project of their choice. The first cohort of 
students will graduate later this year and already there are indications that many of 
these projects will be successfully implemented. 

Keywords: Business Incubator, Entrepreneurs, Training. 
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DIVERSITY OF THE AGRICULTURAL INDUSTRY IN MIAMI-DADE COUNTY, 
FLORIDA 

T. Olczyk. Institute of Food and Agricultural Sciences, University of Florida, United 
States of America 

ABSTRACT: Miami-Dade County with its marine subtropical climate is famous around 
the world as a tourist destination. It is also home for the one of the most unique and 
dynamic agricultural industries in the nation. The diversity of this industry includes a 
wide variety of tropical and subtropical ornamental plants, traditional and tropical 
vegetables, tropical and subtropical fruit crops and aquaculture. Miami-Dade County 
agriculture and related industries employ about 20,000 people and produces more than 
$2.7 billion in economic impact. This county is also the second largest producer of 
agricultural products in the State of Florida. Most of the agricultural products are 
shipped out of the county to many destinations in the U.S., Canada and some are 
shipped to Europe. Location of the agricultural area between two National Parks, 
Biscayne National Park to the East and Everglades National Park to the West and the 
large urban and suburban areas of Miami to the North brings many challenges for 
agricultural producers. The occurrence of extreme weather events, introduction of many 
invasive pasts, growing government regulations, serious economic pressure from 
foreign competitors, labor issues and many other challenges continue to increase 
production cost and poses an increasing threat to the Miami-Dade County agricultural 
industry. The importance, economic value, vitality, and future sustainability of Miami-
Dade agricultural industries will be presented. 

Keywords: Agriculture, Diversity, Miami-Dade. 
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HEAD AND FEET AS A POTENTIAL EXOTIC CARIBBEAN CUISINE 

X. Nicholas1, M.D. Singh2, D. Avril2, and R. Maharaj1. biosciences, Agriculture and 
Food Technologies (BAFT) Unit, University of Trinidad and Tobago, 2Department of 
Food Production, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Generally sheep heads and feet are discarded at the abattoirs and 
butcher shops in the Caribbean. In some societies (Middle East and Norway) however 
these parts form part of the local cuisine. In Trinidad and Tobago the head and feet 
otherwise regarded as offal are significantly underutilized compared to other offal parts 
such as the tripe and internal organs. There is great potential for increased utilization of 
head and feet which is driven by increase in demand for these parts. There is also 
capacity for the development of value added products that can earn substantial income. 
This investigation showed that the head and feet of sheep carcass weighed (5.56 lbs) 
and (2.27 lbs) respectively but were converted to cooked products. This resulted in the 
generation of roasted products (head and feet) valued at TT$100.00. It was concluded 
that the head and feet should not be discarded but can be considered an exotic 
Caribbean Cuisine with potential for both the local and regional market. 

Keywords: Sheep, Head, Feet, Caribbean Cuisine, Exotic. 
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PIG BRISTLES TO PAINT BRUSHES: AN AGRIBUSINESS OPPORTUNITY 

N. Lakhan1, M.D. Singh2, D. Avril2, and R. Maharaj1. biosciences, Agriculture and Food 
Technologies (BAFT) Unit, University of Trinidad and Tobago, 2Department of Food 
Production, University of the West Indies, Trinidad and Tobago 

ABSTRACT: A very expensive and popular value - added product produced from pig's 
bristles is paint brushes both handmade and manufactured. Pig's bristle brushes have 
properties which minimise brush marks, can go around corners, edgings and carvings 
easily without leaving blobs of finish. Pig brushes are mainly desired for finishing 
purposes in paintings and recommended for oil and acrylic paintings. They are less 
expensive than other animal brushes but is still desired and valued by many painters. 
Several components make up the ideal paint brush. These are the filament (pig hair), 
handles which can be either wooden or plastic, the ferrule and the spacer plug. The first 
procedure is the harvesting and treatment of pig bristles. The pig bristles must be 
obtained from slaughtered animals followed by drying and securing in an enclosed 
package. Treatment of the hair must then be done by boiling, dying or bleaching to kill 
pathogenic organisms that may be present. Brushes can be either handmade or 
manufactured. During manufacturing, the treated bristles are mixed, weighed and 
placed into a ferrule. Plugs are then placed in the top end of the ferrule. This is then 
followed by epoxying the bristles. The final stage of preparing the bristles involves 
cleaning out loose hairs that have escaped the epoxy and splitting the ends of the hair 
so that it becomes finer. The handles are then automatically forced into the ferrule and 
the brushes are then individually packaged. Brushes made from pig's hair are highly 
valuable and require both technique and patience. Once the process is complete, pig's 
bristles can be converted into a highly lucrative product and enterprise. 

Keywords: Pig, Bristles, Paint Brush, Agribusiness. 
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THE CONVERSION OF FRESH CHICKEN TO A VALUE ADDED PRODUCT 
"CHICKEN HAM" 

K. Ferguson1, M.D. Singh2, D. Avril2, and R. Maharaj1. biosciences, Agriculture and 
Food Technologies (BAFT) Unit, University of Trinidad and Tobago, 2Department of 
Food Production, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Pickling is a food preservation method that extends the life of food by 
marinating in a brine solution. It is a method of curing and preserving often applied to 
different types of meats and was developed before the days of refrigeration or easy 
access to ice for keeping meats cold. In the Caribbean pickling is used as a flavor 
enhancer as well as a mean of preservation. For this project the well-known hickory 
liquid smoke was added to the brine for a hickory flavor. The brine was injected into the 
chicken to ensure the flavor was well distributed. The chicken was then placed in the 
same brine flavor to marinate for twenty one days. Every other day within the twenty 
one days the chickens were turned in the brine solution to ensure the entire carcass 
was completely submerged. Brining is a process where meat is subjected to a saline 
solution with added flavor. This process may increase the weight of the meat upon 
removal from the solution or it may remain with the same weight as it was subjected to 
the solution. In the case of the chickens that were used for the chicken ham the weights 
remained the same however the flavor was well infused. After the twenty one days 
period the chickens were smoked to infuse more flavours, smoking also adds a 
favourable caramel colour and further preserving the meat. After these processes the 
pickled chicken is ready for baking. 

Keywords: Chicken, Value Added, Chicken Ham, Pickling, Food Preservation. 
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TANNING: AN UNEXPLORED AND UNDERUTILIZED AGRIBUSINESS 
OPPORTUNITY 

R. Renie1, M.D. Singh2, D. Avril2, R. Maharaj1, and A. Mohammed1, biosciences, 
Agriculture and Food Technologies (BAFT) Unit, University of Trinidad and Tobago, 
2Department of Food Production, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Production and marketing of hides and skins provide opportunities to 
support and sustain livelihoods especially for small farmers. Leather is derived from the 
skin of an animal, with the hair removed, and prepared for 
use by tanning or a similar process, designed to preserve it against decay and make it 
pliable or supple when dry. In the developing world, hides are almost never exploited to 
their full potential. Hides and skins are often thought of as intrinsically unclean and end 
up being discarded or wasted because of ignorance or misinformation. Others are 
processed improperly which greatly reduces their potential value. Hides and skins are a 
renewable resource of national and international significance. They provide scope for 
exploitation on a sustainable, long-term basis. Producing hides from large animals and 
skins from small animals does not entail a huge investment and although operational 
costs may be high, solutions can be found to keep them to manageable levels. The 
process involves skinning followed by de-fleshing which requires the removal of all 
excess flesh and fat attached to the hide since these would cause rotting during the 
drying process. The next step is stretching and drying. This is accomplished by nailing 
the hide to a board and applying salt. The drying process takes 12-21 days then the 
dried hide can be cleaned and is ready for sale. A high quality dried hide can retail 
locally for about TTD 1,000.00. In Trinidad this renewable resource is unexploited and 
could provide small farmers with additional income and commercial hide producers 
could enter the international market and provide the local economy with much needed 
foreign exchange from a product that is 100% locally produced. 

Keywords: Hides, Skins, Leather. 
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TRIPE: AN ETHNIC DISH WITH POTENTIAL 

P. Ramtahal1, M.D. Singh2, D. Avril2, and R. Maharaj1. biosciences, Agriculture and 
Food Technologies (BAFT) Unit, University of Trinidad and Tobago, 2Department of 
Food Production, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Goat and sheep tripe are considered as refuse at slaughterhouses and 
butcher shops in the Caribbean. It is an ethnic dish which is considered an exquisite 
delicacy eaten in many different parts of the world especially Eastern Europe. Tripe is 
made from the rumen musculature colloquially called as 'butt' or 'potti' which is one of 
the important edible offal with substantial yield. It accounts for approximately 1.3% of 
slaughter weight of the goat and sheep. In Trinidad and Tobago, it is a great delicacy 
and is referred to as "Pachownie". Tripe has the potential to earn substantive economic 
returns. The fresh stomach is emptied, scraped, and then washed with hot water (70°C). 
It is then cut into very small strips (1 cm long) and washed with dry flour to remove any 
unwanted connective tissue. This research investigated the yield of one sheep stomach 
2900g which yielded 2268g cooked tripe. This resulted in revenue amounted to roughly 
$800 at $2.85/g. The conversion to ruminant stomach to an edible product presents an 
opportunity to develop this ethnic delicacy as an agribusiness enterprise with 
tremendous potential. Tripe can be considered an exotic Caribbean Cuisine with 
potential for specialization for the local and tourist palate. 

Keywords: Tripe, Ethnic, Dish, Goat, Sheep. 
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VALUE ADDED: BLOOD PUDDING 

L. La Rode1, M.D. Singh2, D. Avril2, and R. Maharaj1. biosciences, Agriculture and 
Food Technologies (BAFT) Unit, University of Trinidad and Tobago, 2Department of 
Food Production, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Blood constitutes of 3-5% of the live weight of an animal and has 
traditionally been widely used in food preparation for human consumption in many 
societies. In several developed countries, blood was discarded as waste by abattoirs or 
used as animal feed ingredient. However the unique nutritional and functional qualities 
of blood and its derived products have contributed to their increasing use as food 
ingredients. Typically, bovine blood consists of 80.9% water, 17.3% protein, 0.23% lipid, 
0.07% carbohydrate, and 0.62% minerals. Not only is it a high protein by-product, but its 
proteins have desirable functional properties, including binding, foaming and emulsifying 
capabilities. This discarded by-product can be converted into blood pudding which has 
been an integral part of French cuisine for centuries. In the Caribbean, Blood Pudding is 
considered a delicacy and forms a special part of our "Street Food Culture". In this 
study, 1,3kg of blood was extracted from a market hog at slaughter; it was processed 
along with 0.5kg of intestinal tissue to generate 2kg of blood pudding, together with salt, 
bread crumbs, seasoning and cassava farine. The result, upon heat treatment, was a 
safe, stable, highly nutritious blood product with a market value of TT$67.50/kg 
(TT$30/lb). It was concluded that blood pudding is a highly useful livestock value added 
by-product with the potential to generate income at the farm, agro-food processor and 
food retail level. 

Keywords: Blood Pudding, Value Added. 
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WHY NOT PUMPKIN: A CASE FOR INCREASED PUMPKIN PRODUCTION TO 
REDUCE CARROT IMPORTS IN TRINIDAD AND TOBAGO 

W.A. Isaac1, E. Bartholomew1, I. Granderson2, N. Mark1, and L. Solomon1. department 
of Food Production and 2Department of Agricultural Economics and Extension, 
University of the West Indies, Trinidad and Tobago 

ABSTRACT: Pumpkin is a vegetable crop of economic importance in Trinidad and 
Tobago and other Caribbean countries. It's an easily grown vegetable with high 
nutritional value. While pumpkin is low in calories and sodium it is high in fiber, and 
loaded with an important antioxidant, beta- carotene, which can be converted by our 
body into vitamin A. Pumpkin also contains a good source of vitamins and minerals 
such as Vitamins E, C, thiamin, Niacin, Vitamin B6, folate, potassium, copper and 
magnesium. Carrot on the other hand while low in calories and a good source of fibre is 
high in sodium. Similar to pumpkin, carrot contains an abundant source of beta-
carotene, and high levels of vitamins C, Ε, Κ, Β vitamins and several vital minerals, 
including iron, zinc, potassium, calcium and phosphorus. While the nutritive value and 
health benefits of both vegetables are similar, the cost per pound for carrot to 
consumers is twice to three times the cost of pumpkin. In addition, pumpkin's high fiber, 
low calorie and sodium content also make it a much desirable vegetable for persons 
requiring restricted sodium diets. In Trinidad and Tobago, current carrot production 
cannot meet local consumption and its cost the Government around $50 million 
annually to import. Whereas, pumpkin production surpasses local demand and the 
excess are exported. There are also opportunities for enhanced productivity through 
the adoption of improved pumpkin varieties in the local production systems. This poster 
highlights pumpkin varietal studies conducted at the University of the West Indies and 
compares the nutritional value, taste and ease of growing. Given proper postharvest 
advice farmers can increase quantities of high quality pumpkin and products can also 
be introduced to the local market. 

Keywords: Carrot, Pumpkin, Nutritional Value, Reduced Imports. 
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ANTIMICROBIAL PROPERTIES OF PAPAYA LEAF EXTRACT AGAINST SELECTED 
MICROORGANISMS 

S. Gomathinayagam and M. Rekha. Faculty of Agriculture and Forestry, University of 
Guyana, Guyana 

ABSTRACT: In recent years there has been a commendable progress made in 
antimicrobial researches in India, especially in local species. This has been not only 
antimicrobial but also in such fascinating fields as cytology, tissue culture, 
morphogenesis, physiology, pharmacogonsical and pharmacological studies. There has 
been number of works has been done in antimicrobial work on locally available species 
(indigenous species) (Gomathinayagam and Jagessar 2011). The plant was extracted 
in methanol, ethanol, ether and acetone. The plant extract tested against human 
pathogens bacterial such as Staphylococcus aureus, Escherichia coli and Candida sp. 
Solubility data and antibiotic spectra of the active plants indicates the occurrence of a 
variety of antibiotic substance among local species. The first in vivo experiments for 
antimicrobial activity have been performed at Bonn University by Jan-Peter Frahm 
(2004). The study of Vuotto (2000) was designed to evaluate the antibacterial and 
antioxidant activities of an aqueous extract from the tropical Feijoa sellowiana Berg. 
Fruit which is widely used for human food. Though medical plants are abundant in the 
Guyana, there has been neglect in research among these groups. As result of the 
dearth of literature, medicinal plants have been greatly neglected in Guyana. There is a 
prime need to prepare a medicinal flora in Guyana. Many lacunae exeunt in the study of 
the in Guyana medicinal plants when compared to the other Caribbean countries 
(Gomathinayagam and Jagessar 2010). A reasonable method in developing a national 
database for in medicinal plants is by adopting regional approaches of studying the 
smaller areas with deeper intensity. Keeping this in mind, in the present investigation an 
attempt was made to explore the richness of the medicinal of the medical plants of 
Guyana. 

Keywords: Antimicrobial, Papaya, Microorganisms, Staphylococcus aureus, Escherichia 
coli. 
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CHLOROPHYLL METER TECHNOLOGY: A PROMISING DIAGNOSTIC TOOL IN 
THE PRODUCTION OF CORN AND PATCHOI IN TRINIDAD. 

D.A. Lara and G. Gouveia. Department of Food Production, Faculty of Food and 
Agriculture, University of the West Indies, St. Augustine, Trinidad 

ABSTRACT: Fertilizer management is crucial to competitive food production, mainly 
because plant nitrogen (N) is a major limiting factor in crop productivity. As such, 
affordable and efficient modern technologies like the use of chlorophyll meters (CMs), 
portable instruments that are not only easy to use but also non-destructively measures 
the 'greenness' of leaves and by extension the health of the plant, are constantly being 
developed and redefined. The operation of CMs are based on the principle that sample 
readings from plants in a homogenous area out in the field, can be correlated to leaf Ν 
concentration and then to Ν fertilizer recommendations, instantaneously. Research in 
leading temperate centres have been generally promising, especially with respect to 
corn, Zea mays L. In Trinidad, laboratory diagnostic testing is underexploited by 
farmers, most likely due to a lack of understanding of the long term costs of improper 
plant nutrition management and its effect on soil productivity. The following research 
sought to validate whether CMs, particularly the YARA N-Tester, can be an appropriate 
alternative in the cultivation of corn and patchoi (Brassica rapa L. subsp. chinensis) 
under limited resources. Field and greenhouse trials were developed around traditional 
practices in an attempt to locally calibrate the instrument, utilising a range of fertilizer 
treatments in a complete randomized (block) design. The data collected and analysed 
from these experiments produced very significant relationships (P< 0.05) for both plant 
species with respect to N-Tester values (NTV) and leaf Ν concentrations (LNC). 
However, the strongest correlations obtained for corn (var. ICTA Farm) was found to be 
within a particular time frame and patchoi (var. Pak Choy White) while highly sensitive 
to differing Ν levels, its fresh marketable yield proved to be greatly influenced by leaf 
area and number. An increased experimental population and number of replications 
would better serve to produce more sound regression models. 

Keywords: chlorophyll meter, nitrogen fertilizer management, plant nutrition, corn, 
patchoi. 

Introduction 

Food security, environmental degradation and climate change are intertwining issues 
that are exponentially growing with global population. Caribbean islands, like Trinidad 
and Tobago, are found to be most vulnerable to these processes, since their limited 
land area does not allow for economies of scale, which translates into higher than world 
prices for the production of primary agricultural products. Thus, it is not surprising that 
Caribbean agriculture has been experiencing declining production in recent years, a 
dilemma exacerbated by inadequate help provided to small farmers, use of 
inappropriate technology, the high level of imported inputs, paucity of local technical 
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skills, and the impact of regional and international organizations; which have led to an 
increasing dependence on foreign food (Ahmed 2001, 2-3). 

There is a fervent need to enhance the ability of a soil to produce desired yield of crops 
under optimum management, otherwise known as soil productivity. One of the most 
effective ways to achieve this is via the management of soil fertility; a complex balance 
that seeks to supply plant nutrients in available forms and in sufficient quantities so as 
to facilitate efficient growth of specified crops without the pollution of the environment 
with excess nutrients (Osman 2013, 129). Great focus is paid to nitrogen (N) 
management, as it is an essential plant nutrient that is required in relatively copious 
amounts, 1.5 to 5 % plant dry weight (dw) and is most often the limiting factor in the 
growth and yield of non-leguminous plants; however, the availability of other nutrients 
such as phosphorous, potassium, calcium, magnesium, etc., must also be considered to 
ensure good plant health (Brady and Weil 2002, 544; Marschner 2012, 148-149 and 
Below 2002, 385). 

In order to make the required quantities of Ν and other macromolecules and metabolites 
related to the vegetative and reproductive cycles of plants, the application of fertilizer is 
necessary to enhance crop productivity per unit area. In particular, it is more practical 
to ensure increased soil Ν levels via fertilization than the addition of organic matter 
because Ν mineralisation from the soil is normally too slow and variable to support 
desired crop production (Below 2002, 386). Furthermore, in order to ensure that crops 
continue to receive the required amount of Ν and guarantee the best yields, most 
farmers tend to liberally supply Ν to a crop (Trautmann, Porter and Wagenet 1989; 
Yadav, Peterson and Williams 1997 and Azam et al. 2002). Given that, the average 
current price of the locally popular fertilizer "Blaukorn" blend carrying only 12 % Ν is 
TT$10 per kg, excessive Ν application can not only be detrimental to freshwater 
sources but also quite costly. Contrastingly, an undersupply would result in low 
productivity and nutrient mining. Since fertilization typically accounts for >20% of 
production costs, the development of fertilizer management strategies that encourage 
appropriate rates, timing and placement of fertilizer materials is essential to reduce input 
costs and increase profits. Thus, there is a need to develop local fertilizer guidelines 
based on yield response research for important crops (Eudoxie 2012, 20-21). In order to 
monitor the aforementioned nutrient levels in soil and plant tissues, diagnostic 
measures are continuously being developed and improved. 

In Trinidad, there are several organizations that are capable of providing diagnostic 
services catering to soil fertility management, like laboratory soil and plant analysis, to 
farmers. Laboratory diagnostic methods, despite being time-consuming and destructive 
in nature, can provide precise information for appropriate fertility recommendations. 
Furthermore, in recent times, the government has been providing free diagnostic 
testing, although there is a major risk that results can be received too late to correct any 
deficiency present; while private institutions may provide the information needed in a 
more timely manner, the average cost per sample is TT$650. Nevertheless, it is highly 
recommended that soil testing be conducted pre-planting to decipher application rates, 
as all essential nutrients except Ν can be determined using information provided. 
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However, other factors that might influence productivity must also be considered as 
such testing does not directly or indirectly relate soil nutrient concentrations to uptake 
and utilization. Thus, plant tissue analyses and growth monitoring are necessary, post-
planting, to confirm whether the crop is able to access and utilize adequate amounts of 
nutrients, particularly N. Unfortunately, due to poor institutional support and the still 
largely traditional culture surrounding agriculture, such scientific measures are 
underexploited (Eudoxie 2012, 24-41). 

Since the utilization of technology by farmers in tropical countries, like Trinidad and 
Tobago, is relatively sparse; it is important when designing or improving techniques to 
match them to site-specific problems taking into consideration both farmer's constraints 
and objectives and those of society (as it relates to issues of agricultural sustainability, 
soil biodiversity, carbon sequestration and watershed functions) in order to increase 
their likelihood of adoption. Farmers in the tropics, though they employ traditional 
practices, do not make decisions in isolation, but rather they think in a systematic 
fashion, incorporating a holistic view of their whole farm and the totality of the resources 
and assets available (Izac 2003, 13-14). Hence the 'adoptability' of any new technique 
by a farmer is highly dependent on tangible economic benefit. Currently, there are 
several studies being conducted in this area in the form of soil conservation practices, 
organic alternatives such as compost and manure, and geo-spatial information 
technologies. However, due to typical financial and land constraints of local farmers, 
chlorophyll meter technology was selected based on its practical potential in developing 
quick, in field, fertilization protocols for selected crops. 

CMs, like the YARA N-Tester (« TT$12,800.00 per unit), measure the chlorophyll 
content or the 'greenness' of leaves, a key indicator of plant health and are portable, 
lightweight, 'quick and easy' instruments, powered by two AA alkaline batteries. Its 
measurement principle is based on the ratio between light absorption at two 
wavelengths: 650 and 940 nm, as the former lies between the two primary wavelengths 
associated with chlorophyll activity (645 and 663 nm), while the latter serves as an 
internal reference to compensate for differences in leaf characteristic and biochemical 
factors (Waskom et al 1996, 546). The premise being that the user would be able to go 
from the generated weighted average of at least 30 compulsory N-Tester 
measurements (NTVs, ranging from 0 - 999), sampled from plants in a homogenous 
area out in the field; to leaf Ν concentration and then finally to a Ν fertilizer 
recommendation, instantaneously (Wood et al. 1992, 488; Waskom et al. 1996, 545-
647; and YARA International 2005). 

Hence, the main objective is to validate the use of the N-tester as an economical 
diagnostic tool in determining the Ν status of green corn and patchoi, which are 
currently sold an average annual price of TT$18.10 and TT$7.76 per kg; respectively 
(CSO 2012). Furthermore, this can only be achieved after the calibration of the 
instrument via quantitative correlations to leaf Ν concentration and the identification of 
the critical N-Tester value for the crop, above which fertilization is not needed; both with 
respect to the most appropriate phonological stage or time frame for which NTVs would 
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be best suited for predicting yield response to Ν fertilization in field conditions on River 
Estate loam. 

Materials and Methods 

Field Experiments: Two field experiments were conducted at the University of the 
West Indies field station (UFS), in Valsayn, on River Estate series. This soil, developed 
from micaceous phyllite alluvium, has free internal drainage, moderate acidity (« pH 6.0) 
and low cation exchange capacity (Brown and Bally 1966, 27-28). Each experiment 
involved one of two cultivars developed by the University of the West Indies: Zea mays 
L.; ICTA Farm corn (indentata) and UW7 sweet corn (saccharata), which were 
established in late October, 2008 and late March, 2009; respectively. 

Site preparation first involved mechanical clearance of existing vegetation, then land 
was disc-ploughed, rotavated and beds formed. Though the width varied slightly along 
the length of the beds prepared, plant spacing involved 0.3m between plants with the 
average plot dimension of 21.7 m2; and 0.45m between plants and an average plot 
coverage of 22.3 m2 for ICTA and UW7, respectively. Chemical pest control involved the 
the use of a pre-emergent herbicide, 2-chloro-2-6 diethyl-N-(methoxymethyl) acetanilide 
1 (Lasso) after planting; and Alpha-cypermethrin (Fastac) and Lambda-cyhalothrin 
(Karate), alternately on a two week rotation after germination while weed management 
included the use of Paraquat dichloride (Gramoxone) between rows and plots and hand 
weeding between plants. 

Each experiment consisted of four Ν rate-treatments and a no-fertilizer control, 
particularly 22.5, 45, 67.5 and 134.5 kg N/ha for the ICTA and 30, 60, 120 and 180 kg 
N/ha for the UW7, both utilizing a 12-12-17 +2 fertilizer blend (Blaukorn). All fertilizer 
treatments were applied as a single dose within four weeks after planting. Trenches, 
about 6 cm in depth, were dug along planting ridges in a straight band 10-15 cm from 
the plant, utilizing garden hoes; and pre-portioned fertilizer was placed as evenly as 
possible, along the length of each row of each plot, and then covered with soil. 

All of the above were based on common practice at UFS. In particular, 1 0 - 1 4 days 
after planting corn, 120 kg N/ha is band applied followed by a mixture of 60 kg N/ha, 
43.7 kg P/ha and 60 kg K/ha at first tassel (about 48 DAP) using the traditional carriers, 
sulphate of ammonia, triple superphosphate and murate of potash. 

N-Tester measurements (NTVs) and leaf samples were collected at 6.5, 8 and 9.5 
weeks after planting (WAP); however for UW7, NTVs were taken at 4, 5, 6, 7, 8 and 10 
WAP and leaf samples were only collected for weeks 5-7. At each sampling, a total of 
30 measurements were conducted on the first fully developed leaf, otherwise known as 
the most recently developed leaf (MRDL) of selected plants located in the centre rows 
of each plot. N-Tester measurements were taken midway between the stalk and leaf 
tip, and midway between the midrib and leaf margin during early morning periods 
(Sawyer, Hawkins, Barker and Lundvall 2007, 1035). Sub-samples was removed from 
each plot; and 15 cm in length from the centre of each leaf; was cut, rinsed with distill 
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water, and bagged accordingly. After eighty-eight (88) days and seventy-nine (79) 
days, for ICTA Farm corn and the sweet corn respectively, corn cobs were harvested 
from plants located about the centre of each plot and weighed for fresh yield 
determination. 

Greenhouse Experiment: Experiment was conducted at Soils Greenhouse, University 
of the West Indies, St. Augustine. Brassica rapa subsp chinensis L. cv Pak Choy White 
seedlings were transplanted, late October, 2010; into styrofoam containers perforated at 
the base to allow for drainage before being filled with 800 g of soil, River Estate series. 
This sandy loam was extracted from a non-experimental location UFS, then air-dried 
and pulverized to pass through a quarter inch mesh (6.35 mm) sieve. 

One healthy, two week old seedling was placed into a hole made in the dry soil of each 
pot. It was firmly positioned, ensuring full exposure of first leaves and immediately 
watered until saturation. Pots were evenly distributed (6 χ 4) on a growing table (228 χ 
106.5 cm) and about 1 m off the ground, which was located to maximise light exposure. 

Plants were initially watered once during the morning period at the base and then twice 
daily as they got larger, using watering cans. Soil was perforated as evenly as possible 
by hand around mid-season to allow for ease and better perculation of irrigation water. 
Pest management consisted of both chemical; Flubendiamide (Phoenix 20 WG), 
(Caprid 20 SL), Carboxamide-Strobilurin boscalid-Pyraclostrobin (Bellis 38 WG) and 
biological control, six pots of Allium schoenoprasum L. (Chive) placed evenly amongst 
experimental pots. Weeds were removed manually, as needed. 

Treatments was composed of three Ν application rates (0.08, 0.17 and 0.25 g N/plant) 
and a no-fertilizer control, in a complete randomized design with six replicates. There 
was a single fertilizer application two weeks after transplanting (2 WAT). Although, the 
recommended rate ranges from 1.6 - 3 g N/plant at 7 day intervals over the space of 
three weeks. All treatments, other than the control, received a 12-8-16-3+TE fertilizer 
blend (Blaukorn), which was dissolved in water and applied to the base of plant carefully 
so as to avoid leakage. 

Several NTVs were taken over time on the MRDL of each plant, while mid-season 
destructive sampling was conducted on representative plants within each treatment for 
laboratory analysis. Each leaf was rinsed with distill water and paper towels used to 
pat them dry before the main vain/petiole was cut out and the remaining leaf blade was 
then bagged into respective treatment groups. After forty-four days, plants were 
harvested (about 6 WAP), weighed and fresh marketable yield calculated on a per plant 
basis and then adjusted to a Mg/ha based on the minimum field plant density. 

Laboratory Leaf Ν Analysis 

Subsquent to oven-drying at 65° C for 24 hours, leaf samples were ground to pass 
through a 1 mm sieve and later analysed for Ν after first being digested in flasks utilizing 
the hhSOrsalicylic acid-H202 method and then regular Kjeldahl distillation method 
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utilizing Buchi's Distillation Unit B-324 (Walinga et al. 1995, PANA-AO/4 and PANA-
A2/1 -30; and Sparks et al. 1996, 1103-1105). 

Statistical Analyses 

Leaf Ν concentration (LNC), fresh crop yield and NTV data collected were analysed 
systematically using GenStat Discovery Edition 4, developed by VSN International. 
First a correlation matrix was established in order to obtain a summarized view of all the 
data and to identify possible main interactions. Two general forms of analysis of 
variance (ANOVA) were carried out, with treatment and blocks (if applicable) as factors: 
repeated measurements ANOVA on successive parameter data sets, in addition to a 
one way ANOVA performed to determine the effect of fertilizer treatment on yield. 
Simple linear regression was performed and fitted models were generated with 
appropriate coefficient of determination (R2), which is a measure the proportion of the 
sample variation around the mean, as some studies have identified the relationship 
between CM readings and yield to be linear in nature (Zhang et al. 2008). Similar 
scatter plots associated with linear equations were also generated using Microsoft Excel 
2007. However, as there exists no physiological reason to expect that the relationship 
would always be linear rather than curved (Markwell et al., 1995); nonlinearity was 
tested by the addition of the polynomial component, which is supported by studies done 
by Wood et al. 1992 and Dwyer et al. 1995. Choice of appropriate model was confirmed 
via visual inspection of the response variant fit (Hawkins et al. 2007, 1036). For yield 
response determinations, optimum Ν rates were calculated using a bulk density of 1.35 
Mg per m3 

Results and Discussion 

One-way ANOVA analysis on the fresh yield, given treatment and block factors 
generated a p-value of 0.024 for ICTA, which presents evidence of a difference among 
the population mean fresh cob yield for the five treatments and a p-value of 0.110 for 
UW7. Figure 1 (a-c) shows that not only does the four different but incremental N-rates 
and the no-fertilizer control have a very significant effect on yield but that the 
relationship is very strong producing an equation y = -0.001 χ2 + 0.213x + 4.4387, R2 of 
0.99 (excluding the no fertilizer control) for ICTA and y = -0.0002x2 + 0.0578x + 14.943, 
R2 of 0.86 for UW7. Optimum rates of about 105 and 150 kg N/ha were observed, given 
initial soil available Ν of 95.3 and 88 kg N/ha for ICTA and UW7 maize cultivars, 
respectively. In addition, the quadratic trend displayed confirmed that fertilizer 
amendment recommendations for Ν deficient plants follow a rate of diminishing returns, 
as greater deficiencies would require greater amendments in order to optimize yield. 
Most likely a major portion of the variation is due to water availability, as the ICTA was 
completely rained with brief instances of some flooding and UW7 required some 
irrigation. In addition, the UW7 was subjected to stronger winds and disease 
prevalence that resulted in lower planting densities of particular plots at harvest. 

There was very strong evidence (P < 0.001) to suggest that the mean population fresh 
yield was different among the three treatments and no-fertilizer control for the patchoi 
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var. Pak Choy White; which is graphically illustrated in Figure 1 d), producing an 
equation y = -0.00002x2 + 0.0281x + 2.5707, R2 of 1. Furthermore, classification using 
Fisher's LSD method showed that while the lowest Ν rate of 0.08 g N/plant produced a 
significant yield response compared to the no-fertilizer control; the fresh yield of 0.17 
and 0.25 g N/plant though they were significantly even higher than the lowest rate, they 
were statistically similar to each other. Nevertheless, the optimum rate was found to be 
approximately 0.22 g N/plant, otherwise 557 kg N/ha. 

It is immediately evident that rates administered simply based on common practice are 
excessive and profits could have been increased, on average, by approximately 
TT$4375 and $5265 per ha for maize and patchoi, respectively. 
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Figure 1. The nonlinear relationship between maize N-Rate and fresh cob. 
yield for a) ICTA Farm with control, b) ICTA Farm without control, c) UW7 
Sweet and d) Pak Choy White, given a range of incremental treatments. 
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Furthermore for maize, there was evidence of a significant difference in the mean leaf Ν 
concentration among the five treatments, Ρ = 0.016 and 0.005; and among the three 
sampling times, Ρ = 0.028 and < 0.001, for ICTA and UW7 respectively. In addition, 
there was very strong evidence of a difference in the mean critical N-Tester values 
among the five treatments (P < 0.005) as well as among the three sampling times (P < 
0.005), controlling for replicates for both ICTA and UW7, respectively; which indicated 
that the whole data set was best separated. Subsequent regression analysis was found 
to be generally non-linear in nature. Data suggested that variability in maize is at its 
minimum during particular growth stages and may be confined to a narrow time span 
just before the onset of reproductive pillars; namely the stem elongation period just 
before first tassel, then at ear emergence and finally just before flowering; which 
generally corresponds with split application suggestions made by YARA International 
(YARA International 2005, 4). NTV related models were only generated at 3 WAP for 
patchoi var. Pak Choy White, which is a short-term crop; as it was established 
beforehand as the mid-season marker and subsequently confirmed that it had the best 
ability to predict fresh yield response, producing a R2 value of 0.65. Corresponding 
laboratory testing produced data suggesting that there was a very significant 
relationship (P < 0.001) between NTV and macronutrient Ν concentration, although 
regression analysis was linear in nature (Lara and Gouveia, unpublished). 

Since soil properties and environment vary considerably, calibration of the instrument 
and critical Ν determination is necessary to produce accurate yield response charts that 
farmers can utilize to make appropriate fertilizer amendments in a timely manner. 
However, the development of sound charts requires extensive fertilizer trials that take 
into account such variability. Nevertheless, an example of Ν sufficiency chart for maize 
and patchoi was developed from this study based on the significant data presented by 
quantitative ANOVA procedures, see Table 1; but further research has to be conducted 
to determine effective Ν amendments to be applied based on level of deficiency. 

Table 1. Crop Ν Sufficiency Chart Correlating NTV units to Leaf Ν Concentration 
and Ν Level Interpretation for Maize and Patchoi. 

Zea mays L. (at 8 WAP) Brassica rapa subsp chinensis L. (at 3 
WAP) 

NTV Leaf Ν Ν Level NTV Leaf Ν Ν Level 
Concentration Interpretation Concentration Interpretation 

<580 <2.1 Visibly 
Deficient 

<640 <0.93 Visibly 
Deficient 

5 8 0 - 2.1 - 2 . 7 5 Latent 6 4 0 - 0 .93 -1 .14 Latent 
639 Deficiency 689 Deficiency 
6 4 0 - 2 .76 -2 .95 Sufficient 6 9 0 - 1 .15 -1 .24 Sufficient 
655 709 
>655 >2.95 Excess >710 >1.25 Excess 
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Calibration of the instrument can be extremely time specific and would require further 
field trials for confirmation. Nevertheless, for maize, the traditional method of a second 
application at or just before first tassel seems to have merit as it corresponds to the 
most appropriate time for critical NTV determination. This suggests that there is enough 
time to optimize fertilizer Ν if it is deficient, which is supported by work done by Sawyer 
et al., who devised that there is a period of time during mid-to-late vegetative growth 
that CM measurements should be taken in order to make appropriate in-season Ν rate 
decisions and amendments (Sawyer et al. 2007, 1034). Furthermore, Scharf et al., 
found insignificant evidence to suggest that delayed fertilizer amendments, as late as 
V11, irrespective of Ν deficiency level would allow for irreversible yield loss as yield was 
still highly responsive to Ν application at this stage (Scharf, Wiebold and Lory 2002, 
435). 

Conclusions 

Chlorophyll meters can provide instantaneous, on-site information in a non-destructive 
manner. Though CMs have been touted as a means to assess Ν availability and plant 
Ν status based on the close association between chlorophyll and leaf Ν concentration, 
the need for widespread calibration to determine different crop Ν status may not be 
practical. This is because leaf chlorophyll content has been found to vary by type of 
crop, cultivars within a crop, growth stage, leaf position, soil type and climate; these 
variables must be taken into consideration when interpreting the relative measurements 
of CMs. In addition, water stress, plant diseases, other nutrient deficiencies and/or 
other factors that cause plant stress can be monitored to assure accuracy. As a result, 
in order to standardize CM measurements across cultivars, locations and growth 
stages; it may be necessary to perform normalization procedures by comparing 
readings from well-fertilized reference plots with those from the test area (Below 2002, 
287 and Panwar, Kumar & Chaudhary 2008, 330). 

Acknowledgements 

Firstly, we wish to thank Prof. Richard A. I. Brathwaite for his expert advice; as well as 
Mr. Raymond Springer, for his assistance and support. For help with field and 
greenhouse work, we are grateful to Mr. Sarran Harryram and all the labourers at the 
University Field Station and on campus. Much appreciation and thanks to Ms. Shivaun 
Alexander and Ms. Holly-Ann Loney for assistance with laboratory methods and 
analyses; and for their expertise in data organization and statistical analyses, we wish to 
thank Mr. B. Lauckner and Mr. M. Jones from the Caribbean Agricultural Research and 
Development Institute. Moreover, this work was made possible by financial support from 
and equipment supplied by YARA International and the University of the West Indies, 
Department of Food Production, St. Augustine, Trinidad and Tobago. 

97 



References 

Ahmed, Belal. 2001. Impact of Globalization on the Caribbean Sugar and Banana 
Industries. In The Society For Caribbean Studies Annual Conference, edited by 
S. Courtman. The University of Nottingham. 

Below, Fred E. 2002. Nitrogen Metabolism and Crop Productivity. In Handbook of Plant 
and Crop Physiology, edited by M. Pessarakli. New York: Marcel Dekker. 

Brady, Nyle C., and Ray R. Weil. 2002. The Nature and Properties of Soils. 13th ed. 
New Jersey: Pearson Education. 

Central Statistical Office (CSO). 2013. Agri Report 2006 - 2010 Tables 1 - 51. Ministry 
of Planning and Sustainable Development 2012 [Accessed April 24, 2013], 
Available from www.cso.gov.tt/content/agricultural-report-tables-2006-2010. 

Eudoxie, Gaius. 2012. Plant Nutrition for Sustainable Food Production. In Sustainable 
Food Production Practices in the Caribbean, edited by W. G. Ganpat and W.-A. 
P. Isaac. Portland: Ian Randle. 

Izac, A. -M. N., ed. 2003. Economic Aspects of Soil Fertility Management and 
Agroforestry Practices. Edited by G. Schroth and F. L. Sinclair, Trees, Crops and 
Soil Fertility: Concepts and Research Methods. Wallingford: CAB International. 

Marschner, Petra. 2012. Marschner's Mineral Nutrition of Higher Plants. 3rd ed. San 
Diego: Elsevier Ltd. 

Panwar, J. D. S., Sudhir Kumar, and Vandana Chaudhary. 2008. Drought Tolerance in 
Chickpea (Cier Arietinum L.): Physiological, Biochemical and Biotechnological 
Approaches. In Developments in Physiology, Biochemistry and Molecular Biology 
of Plants, edited by B. Bose and A. Hemantaranjan. New Delhi: New India 
Publishing. 

Sawyer, J. E., J. A. Hawkins, D. W. Barker, and J. P. Lundvall. 2007. Using Relative 
Chlorophyll Meter Values to Determine Nitrogen Application Rates for Corn. 
Agronomy Journal 99:1034 -1040. 

Scharf, Peter C., William J. Wiebold, and John A. Lory. 2002. Corn Yield Response to 
Nitrogen Fertilizer Timing and Deficiency Level. Agronomy Journal 94:435 - 441. 

Sparks, D. L., A. L. Page, P. A. Helmke, R. H. Loeppert, P. N. Soltanpour, M. A. 
Tabatabai, C. T. Johnston, and M. E. Sumner, eds. 1996. Methods of Soil 
Analysis (Part 3): Chemical Methods. Edited by J. M. Bigham. 5 vols. Vol. 5, Soil 
Science Society of America Book Series. Madison: Soil Science Society of 
America, American Society of Agronomy. 

Walinga, I., J.J. Van Der Lee, V.J.G. Houba, W. Van Vark, and I. Novozamsky, eds. 
1995. Plant Analysis Manual. Dordrecht: Kluwer Academic 

Waskom, R. M., D. G. Westfall, D. E. Spellman, and P. N. Soltanpour. 1996. Monitoring 
Nitrogen Status of Corn With Portable Chlorophyll Meter. Communications in Soil 
Science and Plant Analysis 27 (3 - 4):545 - 560. 

Wood, C. W., D. W. Reeves, R. R. Duffield, and K. L. Edmisten. 1992. Field Chlorophyll 
Measurements for Evaluation of Corn Nitrogen Status. Journal of Plant Nutrition 
15 (4):487 -500. 

YARA International. 2005. N-Tester: A Device to Measure the Ν Fertilizer Demand of 
Crops. Hanninghof: YARA International Research Centre. 

98 



Proceedings of the Caribbean Food Crops Society. 49:99-107. 2013 

COMPARATIVE YIELD OF FOUR SWEET POTATO (IPOMOEA BATATAS) 
CULTIVARS PLANTED IN SINGLE AND DOUBLE ROWS 

J. Broomes. Agronomy Research Variety and Testing Unit (ARVTU), Barbados 
Agricultural Management Company Ltd. (BAMC) 

ABSTRACT: A study was conducted in split-plot design to determine the effect of 
single- and double-row plantings on the yield of four sweet potato cultivars (local 
names: 'Manager's Pudding', 'Caroline Lee', 'CBS 49' and 'CBS 32') commonly planted 
on the estates of the Barbados Agricultural Management Company Ltd. Cuttings were 
established on raised beds 5.5 ft apart. Single-rows consisted of cuttings placed on the 
centre of the beds with a spacing of 1 ft intra-row. For the double-rows, cuttings were 
established on both sides of the bed with 1.5 ft between rows and 1 ft intra-row. Shortly 
after establishment, the sweet potato was sprayed with Fusilade® (Fluazifop-p-butyl) 
using the recommended rate for the control of grass weeds. Mono-ammonium 
Phosphate was manually placed 6 inches away from all cuttings, after they were well 
established, at a rate of 100 lb per acre. Yield data showed that double-row planting of 
'Caroline Lee', 'CBS 49', 'Manager's Pudding' and 'CBS 32' resulted in 21.3%, 31.4%, 
16.7% and 16.8% significant decrease in average weight/ tuber, respectively, compared 
to single-row plantings. The total weight of tubers/ hole also decreased from single- to 
double-row planting ('Caroline Lee' - 35.7%, 'CBS 49' - 44.7%, 'Manager's Pudding' -
38.5% and 'CBS 32' - 43.5%) due to increased competition for resources in the smaller 
inter-row space. Smaller tubers were obtained from double-rows. These are suitable for 
the average household purchaser while the larger tubers from the single-rows are ideal 
for processors. Data extrapolation showed that the total yield/ acre increased from 
single- to double-row planting for each cultivar. As one moves from single- to double-
row planting, the total number of holes per acre doubles resulting in the expected 
increase in total yield. Total yield per acre (kg) increased by 28.7% for 'Caroline Lee'; 
10.5% for 'CBS 49'; 23% for 'Manager's Pudding'; and 13.0% for the 'CBS 32' cultivar. 

Keywords: sweet potato, Ipomoea batatas, single-row, double-row, yield, cultivar. 

Introduction 

In an effort to diversify its operations and also to complement local sugar-cane 
production, the Barbados Agriculture Management Ltd. (BAMC) established a Food 
Crop Unit in the year 2011. The food crops were intended to occupy fallow sugar-cane 
lands as well as to generate additional income. Efforts were primarily concentrated on 
the cultivation of root and tuber crops such as yam (Dioscorea alata), cassava (Manihot 
esculenta) and sweet potato (Ipomoea batatas), with minor focus on cash crops such as 
cucurbits, peppers, etc. Currently, major focus is being placed on the sweet potato 
within Barbados and the BAMC as it has been identified as critical to building the local 
food and nutrition security. It is known for its resistance to drought, vigorous growth and 
its productivity with even the minimum of inputs (FAOSTAT, 2011). 
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Sweet potato is one of the few domestically produced commodities that is competitive 
with the imported product in Barbados (Francois, 2000). Barbadians are also 
discovering new values in relation to sweet potato's pharmaceutical and nutritional 
content, thereby increasing their consumption (Skeete and Maynard, 2009). Specific to 
the BAMC, sweet potato is currently the highest income earner among the food crops 
produced by its Food Crop Unit and so an effort is being made to further improve the 
agronomic practices related to this crop so as to achieve maximum yields from the 
available land. 

However, there have been some constraints to this effort. There is limited published 
information on the yields of local sweet potato cultivars in Barbados and so projecting 
yields can be a challenge. In addition to this, the producers within the Food Crop Unit 
have identified two recurrent issues which are (1) large sweet potatoes (> 500 g) that 
are not suitable for sale on the local fresh market as the average household consumer 
prefers the smaller potato, and (2) limited/ few sweet potatoes per plant which can 
impact on sales whether it be in-field by the rod (a pole 10 ft in length used as a sale 
unit) or market sales by the pound. Research has shown that as the spacing between 
sweet potato cuttings increases, the total number of tubers decreases, while the yield of 
larger tubers increases (Schultheis, Walters and Adams, 1999). At present, BAMC's 
sweet potato is planted on single rows with 1 ft intra-row spacing and 5 % ft inter-row. 
Ultimately, it is the aim of the producer to increase the marketable sweet potato yields 
without a drastic increase in production costs. One such was to achieve this may be to 
further reduce the spacing between sweet potato plants by planting two rows per bed 
(double-row) instead of the traditional one row per bed (single-row). There are no 
studies investigating the effect of single- and double-row planting on the yield of 
Barbadian cultivars. Therefore, this study was executed with the following objectives: 

1. To determine the effect of cultivar and single- and double-row planting on the 
number, size and weight of sweet potato tubers. 

2. To determine the effect of single- and double-row planting on the average yield 
per acre for each cultivar. 

3. To identity optimum inter-row spacing for four sweet potato cultivars. 

Materials and Methods 

The study was conducted using a split-plot design to determine the effect that single-
and double-row planting would have on the yield of four sweet potato cultivars, three of 
which are commonly planted on the BAMC estates. As shown in Table 1, these were 
cultivars 'Manager's Pudding', 'Caroline Lee' and 'CBS 49'. One other cultivar called 
'CBS 32' was obtained from the germplasm located at the West Indies Cane Breeding 
Station. 
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Table 1. The cultivars used in the establishment of the trial and a brief 
description. 
No. Cultivar Skin Colour Flesh Colour Shape of 

Tuber 
Time to Maturity 

1. Caroline Lee White/ Cream White Round 3 - 4 months 
2. CBS 32 Red-Brown Deep Orange Oval 3 - 4 months 
3. CBS 49 Cream Orange Elongated 3 - 4 months 
4. Manager's 

Pudding 
Red White/ Cream Round 3 months 

Site Selection 

The trial was established on the lands allocated to the Agronomy Research and Variety 
Testing Unit at Groves, St. George, Barbados. These soils are described as a yellow-
brown association of predominately smectoid clays with average drainage and are 
known to respond well to tillage and fertilization. The field selected had been under 
sugar-cane production prior to being planted with the sweet potato and did not have a 
known incidence of nematodes. 

Land Preparation 

Firstly, the allocated land was mechanically harrowed and then furrowed in order to 
break up clumps into loose, friable soil. After a month, where the soil would have been 
further broken down by the wind and rain, the soil was moulded up into raised beds to 
allow the sweet potato to develop without restriction, to allow adequate drainage and to 
make future harvesting easier. The established beds were 5 % ft apart which is the 
regular spacing of all BAMC beds. 

Crop Establishment 

Vine cuttings, also known as slips, ranging in length from 30 to 40 cm (12 to 15 inches) 
were selected from healthy plants. Each cutting had 3 to 4 healthy nodes and was 
planted at a 45° angle. An effort was made to use the apical region of the vines as this 
is more likely to be free of pest infestations and also gives better yields (Titus, 2008). 
For the single-rows, cuttings were placed in the centre of the beds with a spacing of 12 
inches (1 ft) between plants within the row. For the double-rows, cuttings were 
established on both sides of the bed with 18 inches (1.5 ft) between rows and 12 inches 
intra-row. The cuttings were established in the middle of the wet season to ensure an 
adequate supply of water as no irrigation was available. 

Fertilization and Weed Control 

Shortly after establishment, the trial plot was sprayed with Fusilade® (Fluazifop-p-butyl) 
using the recommended rate for the control of grass weeds (1 to 2 L/ acre). The plot 
was weeded manually twice there-after until the crop cover was properly established. 
The plot was also baited with rat poison. Following the regular practices of BAMC food-
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crop producers, only Mono-ammonium Phosphate (MAP) was supplied to the sweet 
potato. This was manually applied to the cuttings after establishment at a rate of 50 kg 
per acre. 

Harvest 

Before random sampling was undertaken, the sweet potatoes were tested for readiness. 
The principle harvest maturity measurement for sweet potatoes is root size. Sweet 
potatoes do not mature as fruits do but continue to grow as long as conditions allow. 
Hence, the tubers are usually harvested at a size suitable for the intended market 
(Ministry of Fisheries, Crop and Livestock, 2004). However, because of the nature of 
this trial, other indicators such flowering vines, foliage senescence (Lebot, 2009) and 
the exudation of creamy latex from the cut tuber (CARDI, 2008) were used to maintain 
uniformity. 

Statistical Analyses 

All data was analyzed using PASW Statistics 18, Release Version 18.0.0, IBM SPSS 
Inc., 2009, Chicago, IL. 

Results and Discussion 

As shown in Table 2, results indicate that cultivar had a significant effect on the tuber 
count/ plant, length and width of tuber (mm) and the average weight per tuber (g). 
'Manager's Pudding' has a greater yield potential than all other cultivars evaluated. 
Results show that even though 'Manager's Pudding' had the lowest number of tubers 
per plant at 4.9, it had the highest average weight/ tuber (230.4 g) and also had the 
highest total weight of tubers per plant at 1008.1 g, illustrating that the tubers of this 
cultivar were indeed heavier. In contrast, cultivar 'CBS 32' averaged the highest number 
of tubers per plant at 6.5 but it produced the lowest average weight/ tuber of 138.8 g 
and the lowest total weight of tubers per plant (876.4 g). With regards to length of the 
tuber, 'CBS 49' was the longest at 130.3 mm, closely followed by Manager's Pudding at 
125.4 mm. The 'CBS 32' was least in length at 104.6 mm. 'Caroline Lee' had the widest 
tubers with an average of 61.0 mm while the 'CBS 32' and 'CBS 49' were the least wide 
at 51.1 and 53.0 mm, respectively. This measurement was reflected in the shape of the 
tubers as the tubers of the 'Caroline Lee' and 'Manager's Pudding' were rounder that 
the more elongated tubers of the cultivars "CBS 32' and 'CBS 49'. The average weight 
of the tubers from all cultivars fell below 500 g illustrating that these tubers would be 
acceptable on the fresh market for household consumers due to their smaller size and 
subsequent ease of use. The cultivars are very different in terms of physically 
characteristics, so even though a high yielding crop is desired, the producer should also 
take the wants of the consumer into account before selecting a cultivar for planting. 

Table 3 shows that single- and double-row planting had a significant effect on all 
parameters of the yield of the sweet potato with the exception of width (mm). For tuber 
count/ plant, length (mm), average weight of tuber (g) and total weight of tubers per 
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plant (g), the value decreased from single-row planting to double-row planting. This is 
an indicator that with the increase in rows, there is a subsequent decrease in yield as 
seen by the reduction in the number, size and weight of tubers. Research indicates that 
because of the increase in rows from one to two per bed, there is increased competition 
for limited resources such as land space, sunlight, nutrients and moisture, resulting in 
the production of smaller tubers. On the converse side, it should also be noted that with 
an increase in space, the sweet potato plant produces tubers which are larger in size. 
With decreased competition for resources, the tubers develop rapidly over a shorter 
period of time as evidenced by their larger size (Schultheis, Walters and Adams, 1999). 

Table 2. The effect of cultivar on the yield of sweet potato. 

Parameter Tuber Count/ 
Hole 

Length (mm) Width (mm) Average Weight/ 
Tuber(g) 

Total Weight of 
Tubers per Plant 

(g) 
Caroline Lee 5.2±2.2 b 108.0±30.4 a 61,0±14.0 a 194.5±90.4 a 957.2±467.1 
CBS 32 6.5±2.4 a 104.6±13.3 a 51,1±9.1 c 138.8±61.2 b 876.4±484.7 
CBS 49 5.0±2.4 b 130.3±22.9 b 53.0±15.3 be 220.3±170.7 a 946.5±568.9 
Manager's 
Pudding 

4.9±1.8 b 125.4±57.5 b 58.2±29.6 ab 230.4±134.6 a 1008.1 ±525.6 

Total 5.4±2.3 117.1±36.6 55.8±18.9 196.0±126.0 947.0±512.0 
Ρ 0.00 0.00 0.14 0.00 N.S 

Table 3. The effect of single- and double-row planting on the yield of sweet 
potato. 

Parameter Tuber Count/ 
Hole 

Length 
(mm) 

Width (mm) Average Weight/ 
Tuber(g) 

Total Weight of 
Tubers per Plant (g) 

Single-row 6.3±2.3 a 124.7±31.2 a 58.9±13.9 246.7±160.4 a 1298.7±573.4 a 
Double-row 5.0±1.9 b 113.3±38.6 b 54.3±20.9 170.7±95.6 b 771,2±370.7 b 
Total 5.4±2.3 117.1±36.6 55.8±18.9 196.0±126.0 947.0±512.0 
Ρ 0.00 0.23 N.S 0.00 0.00 

Yield data from Table 4 shows that there was a significant difference between cultivars 
planted in single- and double-rows for the parameters of tuber count per plant, width of 
tuber (mm) and average weight per tuber within the plant (mm). For most parameters, 
there was a decrease in the value from the single-row planting to double-row as 
evidenced by the percentage change value in brackets. The percentage change in the 
tuber count/ hole ranged from 1.9% 'CBS 49' to 28.1% for 'Caroline Lee'. This illustrates 
that the 'CBS 49' is less responsive is terms of the number of tubers it produces with 
increased competition. However, one should note that even though the 'CBS 49' 
showed little change in tuber count per plant, it showed the largest decrease in the 
average weight per tuber with a 31.4% change from single- to double-row planting. 
There was only an increase in the length (mm) of the 'CBS 32' tubers and in the width of 
the 'Caroline Lee' and 'Manager's Pudding' tubers from single-row to double-row. As 
stated before, the decrease in most values is expected because of the increased 
competition for resources among plants with the reduction in space, resulting in 
suppressed growth of the tubers from the different cultivars used (Mortley et al., 1991 ). 
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Table 5 shows the extrapolated data of the average yield of sweet potato tubers from an 
acre of production. It is seen that for single-row planting, the total yield per acre ranged 
from 9775.7 kg for cultivar 'CBS 32' to 10740.3 kg for 'Manager's Pudding'. For double-
row planting, the total yield per acre ranged from 11048.4 kg for 'CBS 32' to 13212.1 kg 
for 'Manager's Pudding'. These values fall above the range quoted for Caribbean sweet 
potato yields of 3629 to 9071 kg per acre (CARDI, 2008). The extrapolated value for 
cultivar 'CBS 32' at single-row spacing is grossly lower than the 23859.4 kg per acre 
reported by Skeete and Maynard (2009) of the Ministry of Agriculture, Barbados. 
However, the authors of that report gave no indication of spacing used in the 
establishment of their trial. The difference in figures may therefore be due to variations 
in agronomic practices, soil type, rainfall, pest and disease incidence, etc. Table 5 also 
shows that the total yield per acre (kg) increases from single- to double-row planting for 
each cultivar. From single- to double-row planting, the total number of plants per acre 
doubled. Even though it was seen that the total yield per plant decreased from single- to 
double-row planting, the doubling of the number of sweet potato plants within the acre 
resulted in an increase in the total yield per acre. Total yield per acre (kg) increased by 
31.8% for 'Caroline Lee', 23.0% for 'Manager's Pudding', 13.0% for 'CBS 32' and 10.5% 
for 'CBS 49'. Although these increased yields appear significant, an economic analysis 
of the spacing data should be undertaken in order to determine if the increase in inputs 
(labour, cuttings, etc.) is truly reflected in the output (yield of tubers) so as to ensure the 
best returns on a substantial investment (Schultheis, Walters and Adams, 1999). 
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Table 4. The effect of the interaction of cultivar and single- and double-row
 planting on the yield of sw

eet potato. 
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Table 5. Average yield per acre from each cultivar in single- and double-rows 
(extrapolated data) BAMC's single inter-row spacing = 5 1Λ ft, intra-row spacing = 
1 ft. 

Cultivar Plants per 
Acre 

Average 
Yield per 

Plants per 
Acre 

Average 
Yield per 

% Increase 
in Yield 

(Single-Row) Acre (kg) -
Single-Row 

(Double-
Row) 

Acre (kg) -
Double-Row 

Caroline Lee 9945.1 12798.7 28.7 
CBS 32 Approx. 

7 920 

9775.7 Approx. 
15 840 

11048.4 13.0 
CBS 49 Approx. 

7 920 10680.9 Approx. 
15 840 11807.1 10.5 

Manager's 

Approx. 
7 920 10740.3 

Approx. 
15 840 13212.1 23.0 

Pudding 

Conclusions 

In terms of yield, cultivar 'Manager's Pudding' showed greatest potential while 'CBS 32' 
showed the lowest yield potential. However, before suggestions are made as to which 
cultivar to plant, the producer must consider market preferences and needs as cultivars 
carry different characteristics, for example, flesh and skin colour, size and eating quality. 

It can also be concluded that double-row planting results in lower yields in terms of the 
number of tubers per plant, size and weight of individual tubers as well as the weight of 
all tubers per plant. However, it should be noted that both single- and double-row 
planted resulted in tubers of desired weight, that is, less than 500 g per tuber. These 
tubers are ideal for sale on the local fresh market as household consumers usually 
prefer the smaller tubers due to ease of handling. 

Finally, although there was a reduction in the yield of tubers from single- to double-row 
planting among all cultivars tried, the overall yield per acre increased (extrapolated). 
However, final suggestions should not be made toward double-row planting for an 
increase in yield until an economic analysis of all factors is conducted. 

Recommendations for Establishment of Future Trials 

1. Ensure that there is timely harvesting of the sweet potato crop to avoid pest and 
disease infestation. The cultivar 'Caroline Lee' showed particular susceptibility to 
the scarabee/ sweet potato weevil (Cylus formicarius) in the drier conditions. 

2. Rat baiting is essential as the rodents seem to prefer the orange-fleshed sweet 
potato cultivars ('CBS 32' and 'CBS 49'). 

3. The effect of a more complete fertilizer regime on sweet potato yield should be 
investigated. High levels of nitrogen can cause excessive plant vining. However, 
the sweet potato could benefit from the addition of potash to the soil though 
improved root development (CARDI, 2008). 
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EFFECT OF PLANT SPACING AND PICKING INTERVAL ON THE GROWTH AND 
YIELD OF OKRA (ABELMOSCHUS ESCULENTUS L. MOENCH) 

J. Bailey, R.P. Maurya, and J. Chandler. Department of Biological and Chemical 
Sciences, University of the West Indies, Barbados 

ABSTRACT: A field experiment was conducted on okra to determine the optimum plant 
spacing and picking interval regime which would promote the maximum yield with 
quality fruit. Three spacing (60 χ 45, 60 χ 30 and 45 χ 30 cm) and two picking intervals 
namely 1 and 2 days on the vegetative growth and yield of okra cv. 'Clemson Spineless' 
were studied at Department of Biological and Chemical Sciences during May - July 
2012. The six treatments were laid out in a randomized brock design (RBD), using three 
replications. Vegetative and fruit quality characteristics were recorded throughout the 
experiment. The thickest (2.40 cm) stem, greatest (41.63 cm) leaf diameter and 
maximum (1.69) number of branches per plant and highest (254.10 g) yield per plant 
was recorded at 60 χ 45 cm spacing. However, the yield per hectare decreased with the 
increasing plant spacing. The highest (18.62 tons/ha) yield was obtained in closest 
spacing (45 χ 30 cm). The longest (15.87 cm) length, maximum (2.57 cm) diameter, 
fresh (76.24 g) and dry (10.65 g) weight per fruit per plant were recorded at 2 days fruit 
picking interval and all fruits were tender and very marketable. The plant spacing and 
picking interval had significant effect on fruit quality and yield. The highest (18.62 
tons/ha) yield was recorded at closest spacing of 45 χ 30 cm and 2 days picking 
interval. 

Keywords: Plant Spacing, Picking Interval, Growth, Yield, Okra. 
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EVALUATION OF FIRST AND THIRD GENERATION SORREL FOR PLANT VIGOR 

K.M. Emanuel, K. Matthew, and T.W. Zimmerman. University of the Virgin Islands 
Agricultural Experiment Station, USVI 

ABSTRACT: Sorrel, Hibiscus sabdariffa, has autogamous flowers that self-pollinate 
prior to flower opening resulting in inbred varieties. Cross pollination of inbred plants 
normally results in hybrid with vigor that out-perform both parents. Two varieties of red 
sorrel, 'TTB', which is deep crimson and open, and a 'KDN', which is day neutral and 
red, were use as parents. 'TTB' was late flowering with a crimson fruit and 'KDN' was 
day-neutral with red fruit. The objective was to study two parental sorrel lines and the 
F1 and F3 progeny to evaluate plant vigor for production, floral initiation, fruit color and 
shape. Selection of plants from the F2 population were used to obtain seed for the F3 
progeny. Plant vigor was determined by measuring plant height and number of 
branches at two week intervals as well as recording when floral buds became visible. 
Though the F1 population of 'TTB' χ 'KDN' had a trend of being taller than the parents, it 
wasn't significant for plant height and branch development. The F3 populations were 
significantly taller than the F1 and parent varieties. The F1 and F3 'TTB'x'KDN' plants 
initiated flowers at the same time as 'TTB' which was two weeks later than 'KDN'. 
However, the F3 line of 'KDN'x'TTB' initiated flowers at the same time as 'KDN' 
indicating a new day neutral variety. Hybrid vigor can be obtained from specific 
controlled crosses in sorrel. The day neutral characteristic can be recovered in F3 
population where 'KDN' was the female parent. This research was funded through 
USDA-NIFA- Insular Tropical Grant funds and USDA-NIFA-SCBG from the VI 
Department of Agriculture. 

Keywords: Hibiscus sabdariffa, roselle, hybrid, breeding 

Introduction 

Sorrel (Hibiscus sabdariffa L.), also known as roselle is an annual plant that is part of 
the Malvaceae family and is grown in tropical and subtropical regions for stem fibers, 
paper pulp, edible calyces, leaves and seeds. Sorrel has autogamous flowers that self-
pollinate prior to flower opening resulting in inbred varieties (Vaidya, 2000). Akpan 
(2000) reported an outcrossing rate of <1% in sorrel based on experiments conducted 
adjacent to breeding nurseries. Cross pollination of inbred sorrel plants normally results 
in hybrid with vigor that out-perform both parents (Ibrahim and Hussein, 2006). The 
objective was to study two parental sorrel varieties and the Fi and F3 progeny to 
evaluate for plant vigorous growth and floral initiation. 

Materials and Methods 

Seeds of two parental lines, St Kitts day-neutral 'KDN' and Trinidad black 'TTB', were 
used in reciprocal crosses to develop Fi hybrid 'TTB'x'KDN'. 'TTB' was late flowering 
with dark crimson fruit and 'KDN' was day-neutral with red fruit. Controlled pollinations, 
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between the two varieties, were used to develop the Fi hybrids (Fig. 1). From the first 
year Fi hybrids 'KDN'x'TTB' and 'TTB'x'KDN' were randomly selected to for F2 seeds. 
The F2 plants were grown the previous year and seeds selected from 'KDN'x'TTB' and 
'TTB'x'KDN' plants to develop an F3 population for this experiment. Seeds of the 
parents, Fi and F3 populations were planted in 36 cell trays in early August and the 
seedlings transplanted to the field in late August. The seedlings were planted 60 cm 
apart within rows and 150 cm between rows. Drip irrigation was used to water and 
fertilize the plants. The plants were maintained by regular hand weeding of the field. 
Data was recorded at two-week intervals on sorrel plant height, number of branches 
and floral bud initiation. Data was analyzed using ANOVA and mean separation using 
Tukey's test. 

Results and Discussion 

The sorrel established quickly but both parents and the Fi and F3 plants experienced 
some iron chlorosis from the high pH calcareous soil which was corrected with the use 
of the chelated iron Fe-EDDHA. All varieties of sorrel grew to provide an increase in 
plant height over several weeks. The F3 hybrids were significantly taller than the parents 
and Fi hybrid (Figure 2) by the 55th day and at the 70 day. The same trend occurred 
with the number of branches that developed (Figure 3). When the parents were 
compared with the hybrid populations, they were shorter with less branches. The Fi and 
F3 'TTB'x'KDN' plants initiated flowers at the same time as 'TTB' which was two weeks 
later than 'KDN'. However, the F3 line of 'KDN'x'TTB' initiated flowers at the same time 
as 'KDN' indicating a new day neutral line (Figure 4). Hybrid vigor can be obtained from 
specific controlled crosses in sorrel. 

Conclusion 

Hybrid vigor can be obtained from controlled crosses between 'TTB' and 'KDN' in the Fi 
population for plant height and branching. Through selection of the F2 population, F3 
populations can be obtained that maintain the vigorous growth and branching 
characteristics. The early flowering characteristic of 'KDN' was recovered in a third 
generation from the 'KDN'x'TTB' hybrid. The day neutral characteristic can be recovered 
in the F3 population when 'KDN' is the female parent in the initial hybrid. 
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Figure 1. Fruit of sorrel parents indicating calyx fruit characteristics. 
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Figure 2. Height of the parents, F3 hybrids and Fi hybrid over time. 
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Figure 3. Number of branches of the parents, F3 hybrids and Fi hybrid over time. 
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GENETIC DIVERSITY AND ACCESSION IDENTIFICATION IN SWEET POTATO-
PHASE 1: ISSR OPTIMIZATION AND DETERMINATION OF THE INITIAL LEVELS 
OF GENETIC DIVERSITY 

A. Charles, N. Austin, and J. Rouse-Miller. Department of Life Sciences, University of 
the West Indies, Trinidad and Tobago 

ABSTRACT: Development of molecular markers to analyse cultivated species is of 
utmost importance for efficient conservation and identification of accessions. In 
Trinidad, there are over twenty cultivated accessions of sweet potato but nothing is 
known about the level or structure of genetic diversity among these cultivars or whether 
duplicate accessions exist. In order to determine this data, a robust protocol capable of 
generating clear and reproducible molecular markers must be developed. In this pilot 
study Inter Simple Sequence Repeats (ISSRs) were used to generate DNA markers in 
fifteen (15) sweet potato accessions. Of the various optimizations attempted, DNA 
purity, magnesium chloride concentration and annealing temperature were the 
parameters of most importance in producing quality DNA markers. Of the eight ISSR 
primers, six were capable of optimization to generate clear and sharp markers. Fifty-
three markers were generated with an average of 8.7 markers per primer. Twenty-eight 
(28) of these markers were polymorphic with an average of 4.7 polymorphic markers 
per primer. A moderate level of polymorphism (53.8 %) was observed among the 
cultivars. Jaccard's similarity matrix revealed a high level of genetic similarity among the 
I. batatas accessions with the lowest coefficient (0.050) seen between cultivars '99' and 
'bugs bunny' implying that these are the most genetically closely related. Based on this 
study, it was determined that at least eleven primers should be utilized in order to 
conduct a comprehensive study to determine accession duplication and genetic 
characterization of sweet potato cultivars. 

Keywords: Genetic Diversity, Accession Identification, Sweet Potato, ISSR. 
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IMPROVED GROWTH AND YIELD OF "WEST INDIES RED" HOT PEPPER 
(CAPSICUM SPP.) WHEN GROWN UNDER TROPICAL ROW COVERS 

S. Skeete. Ministry of Agriculture, Graeme Hall, Christ Church, Barbados 

ABSTRACT: The benefits of protected agriculture in assuring production under 
suboptimal climatic conditions, are well recognised. Microclimate control is further seen 
as a likely approach for small farmers in mitigating the effects of climate change. 
However, the typical greenhouse can be a prohibitively large investment for a small-
scale farmer. Tropical row covers can be a flexible, low-cost approach to protected 
agriculture in open fields of small farms, especially if modular designs are used. The 
effect of tropical row covers on the growth and yield of hot pepper (Capsicum spp.) was 
tested using specially built covers. These were made as mini-tunnels from PVC conduit, 
insect screen and plastic to make them durable and mobile. Each structure was 1.7 m 
wide χ 3.3 m long χ 1.3 m high. The upper arch was covered with clear plastic while the 
lower sides and ends had fine insect mesh. These covers were distributed in the field 
and each one had an adjoining open plot, occupying the same area, as a control. There 
were six replicates. For plants growing under the covers, the average number of fruit 
per plant was 73.6 versus 15.2 in the open (FPr, <.001 ). Pepper berries grown under 
the covers were larger on average (12.59 g vs. 7.44 g; FPr< .05). The covers also 
reduced the incidence of broad mite (Polyhagotarsonemus latus) and bacterial spot 
(Xanthomonas campestris), thus facilitating good growth. 

Keywords: protected agriculture, tropical row covers, hot pepper, yield, growth. 

Introduction 

Row covers are usually used in cooler countries to enhance the microclimate in cold air 
temperature conditions, buffering against frosts (Hochmuth, 2009). In such conditions 
the aim is to increase temperature. In the tropical environment a different role is 
expected. Crop protection from excessive rain, pests and from strong desiccating winds 
are some of likely aims. 

Farming in Barbados is characterised by suboptimal climatic conditions. In recent times 
such conditions are quite erratic and intense. Off season rains and intense winds 
outside of storm season are well known occurrences. Some farmers have already been 
observed to try row covers made from polythene when growing tomatoes in the rainy 
season. Wherever successful, a good price is obtained for the produce. Climate change 
theory predicts an intensification of erratic climatic trends. Nowadays, greenhouses are 
being increasingly utilised for assuring the quality and timing of crop production. 
However, the cost of even a small greenhouse can be a deterrent to a small farmer. 

Row covers are flexible and can be moved around, varying the material to cover 
different crops and offer different types of protection (Skeete, 2011). For example, a 
farmer could use a series of hoops and change from one crop to the other changing the 
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covering materials. Such materials can be purchased by the foot, so a farmer can buy 
the amount that is affordable at any point in time and gradually accumulate the 
equivalent crop protection that a larger greenhouse would offer. This would be at a 
fraction of the cost of a greenhouse structure. This introduces an element of scale 
neutrality. 

One of the problems associated with using protective structures in the tropics is the 
build-up of heat within. Ventilation can be a difficult and power consuming exercise. 
There is a scarcity of documentation on the performance of crops under row covers in 
the Barbadian environment. 

Objectives 

The aim of the trial was to examine the effect of the covers on the growth and yield of 
Hot pepper plants. 

Materials and Methods 

Row cover structures were placed in a field of West Indies Red (Capsicum spp.). The 
trial was established at Central Agronomic Research Station in July, 2011. Graeme Hall 
falls in a low rainfall zone with an average of less than 1,143 mm annually. The soil 
belongs to the black associate grouping (Vernon & Carroll, 1966). The crop was grown 
following the recommendations of the Ministry of Agriculture. The trial was planted on 
standard 1.7 m (5'6") beds. The peppers were planted on 6 th of July and the covers 
were placed just after planting. There were six replicates distributed in the field, each 
one had an adjoining open plot occupying the same area as a control. The area of each 
plot was 1.7 m by 3.3 m, the area covered by each tunnel. 

The covers were made as tunnels from PVC conduit, insect screen and plastic to make 
them durable and mobile (see photo in Figure 1 in appendix). Each structure was 1.7 m 
wide χ 3.3 m long χ 1.3 m high. The upper arch was covered with clear plastic while the 
lower sides and ends had fine insect mesh. The combination of clear plastic at the top 
and mesh for ventilation distinguishes these covers from the ones used in temperate 
countries. Growth was observed and recorded qualitatively. Fruiting was assessed by 
counts at 40 and 69 days after planting. The second count was done by harvesting all 
fruit that were set in the plot (10 plants) at all stages. Fruit size was measured at 69 
days by random sampling of five ripe fruit from each plot harvested. All data were 
analysed statistically using Genstat. 

Results and Discussion 

Growth: Vegetative growth was more vigorous under the covers. The leaves were 
larger and healthier looking (see Figure 3 in appendix). Fruit were glossier and in better 
condition under the covers. There was a notable absence of the symptoms of bacterial 
spot and broad mite. In the open, plants were shorter and more chlorotic with symptoms 
of bacterial spot (Xanthomonas campestris) and broad mite (Polyhagotarsonemus latus) 
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[see Figure 4 in appendix]. The canopy of plants under the covers showed the square 
shaped architecture that W.I red variety assumes when growing in an unimpeded way. 

Fruit Set: From the early stage, fruit set was significantly higher in the covered plots 
(F.Pr<001). Covered plants had approximately 40 fruit per plant while those in the 
open had about five per plant. It is worth noting that the five fruit per plant is an average 
for the plot and, in fact, many of the plants in the open did not set any fruit at all. 

Fruit Size and Condition: Fruit grown under the covers were significantly larger (12.59 
g vs. 7.44 g [F.Pr=.041]) when mature. This has an important significance for exporting 
peppers, since the minimum weight is specified at 10 g (Medlicott, 1990). By visual 
observation, fruit condition was better under the covers. 

Final Yield: The number of fruit per plant at 69 days after planting (harvested and 
counted) was significantly greater for the covered plots. Plants under covers produced 
an average of 73.6/plant as compared to 15.2/plant in the open field control [P=.002] 
(See Table 2 and Figure 2 in appendix). When plot yield was projected based on 
average fruit weight, the covered plots produced 6.5 kg vs. 0.79 kg for open plots. 

Table 1. Number of fruit on pepper plants grown under cover and in open field (40 
days after planting). 

Mean Fruit/plant 
Open 5.2 
Covered 37.9 
F.Pr <001 
SED 9.72 
LSD 25 

Table 2. Number of fruit harvested from whole plot of hot peppers at 69 days from 
planting. 

Mean fruit per plant Mean fruit per plot 
Open 15.2 106 
Covered 73.6 515 
F.Pr .002 
SED .01 
LSD .03 

Table 3. Size (weight) of fruit harvested and projected yield from whole plot of hot 
peppers at 69 days after planting. 

Mean weight of a fruit (g) yield per plot (kg) 
Open 7.44 .789 
Covered 12.59 6.484 
F.Pr .041 
SED 5 
LSD 4.823 

116 



Conclusions 

Production can be enhanced by growing hot pepper plants under row covers. In the wet 
season, the usually poor yield can be increased by five times the amount obtained in 
the open. The difference is that the plants under cover grow as they should while the 
performance in the open falls off sharply. It is really a matter of yield assurance rather 
than an increase per se. 

• Vegetative growth can be improved in the wet season by using protective cover 
to keep the rain off the foliage. 

• There could be a reduced need for use of pesticides when covers are used. 
Farmers may get away from the problem of being unable to spray while 
harvesting. 

• There is also potential to allow farmers to harvest when it is raining. Normally, 
wet peppers are prone to post harvest problems. 

• Tropical row covers offer potential for assuring good production of hot pepper in 
the rainy season. One important advantage of using covers is that the export 
quality specifications (size and condition) can be maintained. 
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Appendix 

Figure 1. Two views of row cover. 
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Figure 2. Fruit from open plot (left) versus from covered plot (right). 

Figure 4. Leaf from covered plants vs. leaves from open. 
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NEW TECHNIQUES FOR INCREASED YIELDS IN CASSAVA PRODUCTION 

M. Mycoo. MAFAS LTD/Caribbean Manager Stoller, United States of America 

ABSTRACT: Average yields in cassava (Manihot esculenta Crantz) have been 
recorded by the FAO and other International agencies as 10-12,000 lbs per acre with 4' 
χ 4' spacing and 3500-4000 plants per acre. Utilising the combined use of plant growth 
regulators, key trace elements and NPK fertilizers applied targeting specific 
physiological stages, yields over 90,000lbs/acre and as high as 120,000lbs/acre have 
been obtained in commercial plantings of the same density. The crops were grown over 
a four year period on Moruga Sandy Clay Shale, Moruga Clay Alluvium soils with 
imperfect drainage and a free draining Todd's Rd Arena Sands under non-irrigated 
conditions and yield patterns obtained were similar. Further work evaluating the 
technology on different cassava varieties, density, soil types and irrigated conditions is 
required. 

Keywords: New Techniques, Cassava, Production, Yields. 

119 



Proceedings of the Caribbean Food Crops Society. 49:109-112. 2013 

PRODUCTION POTENTIAL OF PITAYA IN THE VIRGIN ISLANDS 

T. W. Zimmerman, C. Monti I la, and S.M.A. Crossman. University of the Virgin Island 
Agricultural Experiment Station, USVI 

ABSTRACT: Pitaya or Dragon Fruit is a cactus, closely related to the native night 
blooming cerius, with a large succulent fruit. Twenty-six Pitaya varieties were 
established in a former grape trellis wire system. Plants were set in a replicated trial at 
either 2 ft or 4 ft intervals. Pitaya were established and proved able to grow to the top of 
a six-foot trellis wire and flower within a year. Plant growth and flowering were 
monitored monthly and data recorded. Ripe fruit were harvested and data collected on 
weight, length, width, fruit flesh color and soluble sugar content. After a year of field 
establishment, 63% flowered and set fruit; 92%, the second year. All flowers were 
naturally pollinated at night by bats and moths so no hand pollination was required. Six 
pitaya varieties are recommended based on first year production, fruit size and 
sweetness. These varieties are 'Dark Star', 'Delight', 'Halley's Comet', 'Makisupa', 
'Physical Graffiti' and 'Purple Haze'. Pitaya has potential for production in the Virgin 
Islands. 

Keywords: Dragon Fruit, cactus, Hylocereus, cereus. 

Introduction 

Pitaya or Dragon Fruit is a cactus, closely related to the native night blooming cereus, 
with a large succulent fruit. Pitaya were made from three main species Hylocereus 
polyrhizus, H. undatus, H. guatemalensis and hybrids between these species (Crane 
and Balerdi, 2005). These fast growing cacti are epiphytic or climbing vines with a 3-
sided green, fleshy, jointed, many branched stem (Crane and Balerdi, 2009). Each 
stem segment has three flat wavy wings (ribs) with margins and 1-3 small spines or is 
spineless and form aerial roots to adhere or climb. The stem may reach about 20 ft and 
have a lifespan of 20-30 years (Mizrahi, 1997). The large white flowers are open during 
the night and pollinated by bats and moths. Pitaya has characteristics that enhance its 
prospects as a suitable and viable commercial crop. These features include ease of 
propagation; low crop maintenance; the short turnaround time between planting and 
harvesting; and high yield potential, ranging from about 20 to 60 pounds per plant 
(Gunasena et al., 2006). 

Materials and Methods 

Twenty-six Pitaya varieties were established in a former grape wire trellis system. 
Plants were set in a replicated trial at either 2 ft or 4 ft intervals in a 6-row plot. Drip 
irrigation, with 2 ft emitters, was used for watering every other week. Fertilization was 
applied via an injector three times at a rate of 12.5 lb of soluble 20-20-20 fertilizer during 
the trial. Plants were tied with tape every month to train them until they reached the top 
of the trellis. Six-foot Bamboo stakes were used as support for the pitaya. Malathion 
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and Sevin were applied to control ants. Plants were mistreated when staff cut grass 
around the base with weed-eaters but basal protection was installed to halt further 
damage to the succulent stem. Side branches were removed to promote the growth of 
one stem to the top of the trellis. Six fruit characteristics were recorded from the mature 
pitaya: days to maturity, fruit weight, length, width, sugar content and flesh color. 

Results and Discussion 

Few Pitaya varieties flowered and set fruit during the first year but they all grew 
vigorously on the high pH calcareous soil, to reach the six-foot top of the trellis. 
However, the wire of the trellis was found to cut into the fleshy stems. Most Pitaya 
flowered and set fruit during the second year, from late May through September. After a 
year and a half of field establishment, 92% of the varieties flowered and set fruit. All 
flowers were naturally pollinated at night, so no hand pollination was required. Lower 
fruit set occurred on some varieties that are self-incompatible and require cross-
pollination, which included 'Alice', 'Bloody Mary', 'Costa Rican Sunset', 'LA Woman' and 
'Rixford'. Fruit matured 31 to 52 days after flowering (Table 1) and the fruit pulp color 
ranged from white, to pink to deep red. All fruit had a pinkish-red color to the outer skin 
regardless of the flesh color (Figure 1). The 'Natural Mystic' variety though productive 
was susceptible to rust on the stems and is not recommended. 

Conclusion 

Pitaya is a new tropical fruit for the Virgin Islands, which has become greatly popular in 
the continental USA for its rich natural nutrient content. Pitaya has a great potential for 
production in poor soil and caliche but requires good drainage. Therefore, it can be 
grown throughout the Virgin Islands and, being a cactus, will tolerate the dry season. 
After two years of growth and evaluation of 26 varieties, six self-pollinating pitaya 
varieties are recommended based on second year production, fruit size, color and 
sweetness. These varieties are 'Dark Star', 'Delight', 'Halley's Comet', 'Makisupa', 
'Physical Graffiti' and 'Purple Haze'. 
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Table 1. Pitaya production after two years of growth. 

No. Fruits Days to Length Width Weight Β rix Pulp 
Variety Harvested Harvest mm mm 9 % Color 

Alice* 7 30 126 61 255 16 White 
Am. Beauty 5 35 208 68 115 20 Pink 
Bloody Mary* 26 32 76 53 177 15 Red 
Costa Rica 

36 70 51 97 Sunset* 20 36 70 51 97 16 Red 

Cosmic Charlie 5 34 195 65 74 16 Pink 
Dark Star 41 34 136 68 185 18 Pink 
David Bowie 20 34 84 57 237 16 White 
Delight 32 33 91 67 221 20 White 
Halley's Comet 32 34 105 91 217 19 Pink 
LA Woman* 6 35 90 65 242 17 Red 
Lake Atitlan 29 34 69 59 185 19 White 
Makisupa 49 34 71 59 181 19 Red 
Natural Mystic 27 34 88 76 318 16 Pink 
Physical Graffiti 53 34 80 60 224 18 Pink 
Pink 17 34 74 51 102 18 Pink 
Purple Haze 38 33 73 69 234 18 Red 
Rixford* 9 40 142 66 170 19 Purple 
RGHP 8 34 123 55 70 18 Red 
Seoul Kitchen 29 33 62 58 138 16 White 
Tissue Culture 17 38 73 56 129 16 Red 
Thompson 17 36 89 58 242 17 White 
UVI 14 34 80 80 224 18 Pink 
Voodoo Child 25 39 70 48 113 19 Red 
Yellow 12 52 70 41 101 22 White 
Zamorano 24 49 68 54 122 16 Red 

*Requires cross pollination 
Bold indicates recommended varieties 
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Figure 1. A collection of pitaya fruit harvested the second year. 
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STUDIES ON CLONAL PROPAGATION OF GUAVA (PSIDIUM GUAJAVA L.) BY 
STEM CUTTINGS 

M. Best1, R.P. Maurya1, J. Chandler1, and E. Henry2, department of Biological and 
Chemical Sciences, University of the West Indies, Barbados, 2Soil Conservation Unit, 
Ministry of Agriculture, Barbados 

ABSTRACT: The present investigation was conducted to determine the effect of 
various concentrations of lndole-3-butyric acid on the propagation of guava (Psidium 
guajava L.) by stem cuttings under shade house conditions in the Department of 
Biological and Chemical Sciences at the University of the West Indies, Cave Hill 
Campus, Barbados. The aim was to determine the best stem cutting type and optimum 
concentrations of lndole-3-butyric acid (IBA) on guava propagation. Guava cuttings are 
difficult to propagate using conventional asexual techniques and sexual propagation is 
not true-to-type. Three field grown trees were selected as mother plant as sources for 
plant material and each tree represented a separate block. Three types of stem cuttings 
(softwood, semi-hardwood and hardwood) and five concentrations of IBA (control, 4000, 
5000, 6000, and 7000 ppm) were used. All cutting types and treatments were 
randomized within blocks. The maximum number bud burst, number of shoots, longest 
shoot length per cutting and percentage of stem with shoots (40%) were recorded with 
5000 ppm IBA on hardwood cuttings. Generally, hardwood cuttings treated with 5000 
ppm IBA performed better over softwood and semi-hardwood cuttings. 

Keywords: Clonal Propagation, Guava, Stem Cuttings. 
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EXPLORING SWEET PEPPER (CAPSICUM ANNUUM) CULTIVARS FOR 
GREENHOUSE PRODUCTION IN TRINIDAD AND TOBAGO 

W. Scott, N. Mark, L. Solomon, K. Campo, W.A. Isaac, C. St. Martin, and R. Brathwaite. 
Department of Food Production, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Sweet pepper has become one of the most important crops in greenhouse 
cultivation in Trinidad and Tobago. Identification of suitable heat tolerant varieties for 
greenhouse sweet pepper cultivation is, however, a major challenge. The present 
investigation examined the performance of sweet pepper cultivars (Capsicum annuum 
L.), Geneva, Aristotle, Admiral, Bullnose, and Canape under a protected structure 
(Gable roof greenhouse) at the University field station (UFS), Valsayn, University of the 
West Indies, St Augustine Campus Trinidad. Five sweet pepper cultivars were planted 
in two types of growth media (coconut coir or sharp sand). Yield and fruit quality were 
assessed among other parameters. Temperatures under the protected agriculture 
structure were 3-4 °C higher than external temperatures and these conditions impacted 
on the relative growth rates (RGR). Geneva had the highest RGR in coconut coir (48.0 
mg g"1 d"1) and the lowest RGR was recorded in sharp sand for Canape (0.8 mg g"1 d"1). 
The highest marketable yield was recorded with Admiral grown in coconut coir (1.2 
kg/m"2) and Aristotle in sharp sand had the lowest yield (0.3 kg/m"2). There were no 
significant effects of media on sweet pepper cultivars. There were significant variations 
between the performances of the varieties: Admiral produced more than Aristotle, 
Geneva, Bullnose and Canape. 

Keywords: Gable Roof Greenhouse, Sweet Pepper Cultivars, Media. 
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EXPLORING TOMATO (SOLANUM LYCOPERSICON) CULTIVARS FOR 
GREENHOUSE PRODUCTION IN TRINIDAD AND TOBAGO 

J. James, N. Mark, L. Solomon, K. Campo, W.A. Isaac, E. Bartholomew, C. St. Martin, 
and R. Brathwaite. Department of Food Production, University of the West Indies, 
Trinidad and Tobago 

ABSTRACT: A tomato (Solanum lycopersicon) cultivar trial was conducted at the 
University Field Station, Valsayn, Trinidad under a gable roof greenhouse. The 
objective of this trial was to evaluate the performance of tomato cultivars grown under a 
protected structure for yield and fruit quality. Seven cultivars (Hybrid 61, Versatile, 
Summer star, IT71, Rhapsody, Caraibe and Striker) planted in coconut coir or sharp 
sand media were evaluated. There were no significant effects of media on tomato 
cultivars, but significant variations between the performances of the varieties. Versatile 
produced the highest number of fruit followed by Hybrid 61 and IT71. IT71 grown in 
coconut coir however, had the highest marketable fruits (1.33 kg/m"2) followed Summer 
star in coconut coir (0.89 kg/m-2) and Hybrid 61 (0.73 kg/m"2). Plants in the coconut coir 
generally performed better and the elemental content of fruits were higher than in the 
sharp sand media with the exception of IT71 and Versatile. 

Keywords: Greenhouse, Solanum Lycopersicon, Cultivars, Marketable Fruits. 
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HIGH YIELDING ADAPTABLE CARROT CULTIVARS TO IMPROVE LOCAL 
PRODUCTION IN ST. KITTS AND NEVIS 

M. James1, R. Thomas1, T. Weeks1, N. Mark2, and W.A. Isaac2. 1 Ministry of Agriculture, 
St. Kitts and Nevis, 2Department of Food Production, University of the West Indies, 
Trinidad and Tobago 

ABSTRACT: Carrot is an important vegetable crop in St. Kitts and Nevis. According to 
the Department of Agriculture (DOA), St. Kitts Annual review 2011, 61,000 kg carrots 
was produced in 2009 compared to a national demand of 79,000 kg resulting in a 
production short fall of 18,600 kg or an opportunity gap of 22%. Five carrot varieties 
(Danver, Juliana, Chantenay, Abaco and Kuroda) were evaluated at La Guerite, 
Basseterre, St. Kitts to identify adaptable improved high yielding cultivars to bridge 
these production gaps. There were significant differences between the carrot cultivars 
and the fresh weights and dry weights. The fresh root (p= 0.003), stem (p=.021) and 
leaves (p= 0.15) weights between the groups showed significant differences. There 
were also significant differences in fresh root weights between Danver and Juliana 
(p=0.02), and Juliana and Chantenay (p=.017). Differences were observed between 
Danver and Kuroda (p=0.03) for the fresh stem weight; and for the fresh leaves weight a 
significance difference of p=0.016 between Danver and Juliana. There were significant 
differences for dry root weights between Abaco and Chantenay (p=0.02), Danver and 
Chantenay (p=0.005), and Kuroda and Chantenay (p=0.016). For the dry stem weight, 
differences were observed between Danver and Juliana (p=0.048) and Danver and 
Kuroda (0.034). No significant differences were observed between the carrot cultivars 
and the moisture and dry matter content. Elemental analysis were conducted on the 
carrot cultivars and the results showed that Abaco had the highest values for Ca, Ρ, Κ 
and S which were 0.59%, 0.34%, 4.10% and 0.23%, respectively. Kuroda had the 
highest value of Mg of 0.19% and the highest Ν value was recorded in Chantenay 
1.68%. Based on the elemental and weight analysis, Abaco performed the best. The 
Abaco cultivar can therefore be recommended for local production in St. Kitts and 
Nevis. 

Keywords: Carrot, Cultivars, Elemental Analysis. 
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INFLUENCE OF PAPAYA SEED AGE ON VIABILITY 

J.E. Bernier, C. Montilla, and T.W. Zimmerman. University of the Virgin Islands 
Agricultural Experiment Station, USVI 

ABSTRACT: Papaya (Carica papaya) has a gelatinous sarcotesta surrounding the 
seed that can reduce germination due to inhibition of oxygen to the seed. However, 
removal of the sarcotesta allows the seeds to dry quicker and more exposure to oxygen. 
The viability of the clean seeds, sarcotesta removed at harvest, and held under 
refrigerated storage was not known. The objective of this research was to study the 
viability and germination of seven papaya lines, with seeds from 2006 to 2012. Seeds 
were imbibed in vitro for one week and a tetrazolium test for seed viability was applied. 
Seeds held in storage from 2006, 2008, and 2010, and fresh harvested seed from 2012 
were planted (replicated) under greenhouse conditions. Germination was recorded over 
a 33-day cycle. There was great variability in germination between lines. For all papaya 
lines, the 2008 seed had the poorest germination, ranging from 10% to 60%. Papaya 
seed loose viability over time under refrigerated storage. This research was supported 
by USDA-Hatch and USDA-NIFA-lnsular Tropical Grant funds. 

Keywords: sarcotesta, Carica papaya, heat drying seed desiccation 

Introduction 

Papaya fruits contain a great number of seeds in the middle cavity; however, some of 
these seeds may lack embryos (Nagao and Furutani, 1986). High rates of germination 
and development of healthy seedlings can be obtained by using seeds from ripe or 
over-ripe fruits from which the sarcotesta is removed (Sangakkara, 1995). Sarcotesta is 
a fluid filled membrane surrounding the papaya seed. Removal of the sarcotesta, 
followed by rinsing and drying, results in increased germination (Angeline and Ouma, 
2008; Salomao and Mundim, 2000; Yahiro, 1979). Seed germination is affected by 
many factors, which include type of substrate used, environmental factors such as 
oxygen, water, temperature, light, and variety (Hartmann et al., 2001). The objective 
was to evaluate papaya seed germination and viability of seeds from 2006-2012, stored 
at 4° C. 

Materials and Methods 

Seven different papaya seed lines were used for this germination trial. The seeds were 
from the papaya lines 'Maradol', MarxT5, MarxY, T5, TNG5, TW, TWxT5 that were 
collected and cleaned in 2006, 2008, 2010 and 2012. Some of the 2012 seeds, TWxT5, 
TNG5 and MarxY, were dried at 33° C in a food desiccator for 24 hours to speed drying, 
while the other seeds were air-dried on paper towel for four days. Fifty seeds were 
isolated from each papaya line and year from stocks stored at 5° C. The seeds were 
divided into groups of 25 for planting in 10 cm square pots that were 7.5 cm deep 
containing ProMix™ potting media. Each pot was labeled and watered thoroughly. The 

129 



pots were placed on a bench in a greenhouse and watered when the surface indicated 
dryness. Germination was when the seedling broke through the surface of the potting 
mix. Data on the papaya seed germination was collected four times a week and 
inputted into an Excel spreadsheet for data analysis. Tetrazolium was used to test fresh 
seeds for viability. A solution of 0.5% was used on imbibed seeds in the laboratory. 

Results and Discussion 

After treatment with tetrazolium the seeds became pink and some red after 24 hours. A 
microscope was used to obtain a closer look of the seeds that stained different colors 
from the tetrazolium. All the seeds in the greenhouse trial began germinating after the 
thirteenth day. The T5 seeds from the year 2012 had 100% germination while the others 
had decreased germination based on age (Figure 1). There was no change in 
germination after day 25 (Figure 1). For T5, seed age had a strong influence on seed 
germination. It is an expected trend that seed viability decreases with age. The 
'Maradol', MarxT5 and TW varieties showed similar trends as T5 for germination and 
seed age. 

The 2012 TWxT5 variety showed a poor germination rate, similar to that of the MarxY 
variety (Figures 2 and 3). Germination of the 2012 TWxT5 seed stopped at 40%, 
whereas MarxY only reached 32% (Figures 2 and 3). These poor germination trends in 
the fresh papaya seed may be due to the use of the food desiccator method which 
could have over-dried the seeds in 24 hours at 33° C. The rapid drying at 40° C 
temperature was thought to cause damage to the papaya seed, affecting the embryo 
and/or the endosperm reserves (Saomao and Mundim, 2000; Sangakkara, 1995). The 
difference between the sets of MarxY seeds can be seen in the density of the seedlings 
in the tray of one replicate taken three weeks after germination (Figure 4). MarxY year 
2010 germinated the best with 95% germination (Figure 3). After two years of storage, 
seed germination rate was 85% or above for all papaya lines. The 2008 seeds of 
MarxY had a lower germination rate than 2006 seeds. The seedlings that germinated 
for the MarxY variety were healthy and green (Figure 4). The photograph for MarxY 
clearly indicates 2012 seed as the lowest in germination, with few seedlings (Figure 4). 

Conclusion 

Tetrazolium indicates cell membrane activity but germination is needed for true 
indication of viability. Papaya seed viability decreases with age over six years. Seed 
viability can be maintained for seeds that are air-dried and stored in the refrigerator at 
4° C. Seeds stored for six years, when properly cleaned and dried at ambient 
temperatures prior to storage, can have 40-60% viability. Drying cleaned seed at 
ambient temperature maintains viability while placing seeds in a food desiccator at 33° C 
for 24 hours can significantly decrease seed viability. 
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Figure 1. Papaya seed germination over time for four ages of line T5. 
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Figure 2. Papaya seed germination over time for four ages of line TWxT5. 

Figure 3. Papaya seed germination over time for four ages of line MarxY. 

132 



Figure 4. Papaya seedlings three weeks post germination for four ages of line 
MarxY. 
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CUCUMBER PRODUCTION (CUCUMIS SATIVUS) IN THE UVI AQUAPONIC 
SYSTEM 

D. Bailey and D. Nandwani. Agricultural Experiment Station, University of the Virgin 
Islands, USVI 

ABSTRACT: The UVI Aquaponics System is an integrated production system of fish 
culture and vegetable hydroponics which conserves land and water resources by 
concentrating production, reusing and recycling water, uses fish waste (both metabolic 
and digestive) as nutrient sources for plant growth, reduces waste discharged into the 
environment. Two trials were conducted to evaluate production of 10 varieties of 
cucumber (Cucumis sativus) in the aquaponic system from June - December, 2011. 
Cucumber seedlings were transplanted at a density of 8/m2, which is the density 
recommended for field production by the seed company. In the first trial, five varieties 
were transplanted in complete randomized block design in one-third of the system. 
Transplanted seedlings were two-weeks old and harvests began on day 21 and 
continued for an additional 21 days when the crops were removed. These five varieties 
were transplanted again at week 2 and 4. Fruits harvested three times a week for total 
seven harvests for each crop. The same transplanting and harvest procedure was 
repeated for a second trial with five additional varieties in season and year. Cucumber 
var. "Speedway", "Fanfare" and "Sweeter Yet" yielded 24 fruits per m 2 per planting. 
"Palace King" produced the greatest mass (6.2 kg/m2/crop). Varietal differences will 
influence the mass produced for each crop. Market preference in the USVI for smaller 
varieties must be met by a farmer choosing the cucumber type to produce. 

Materials and Methods 

System Description 

The UVI Aquaponic Systems consists of fish rearing tanks, solids removal filters and 
hydroponic grow beds (Figure 1) (Rakocy 2007, Rakocy 2004a, Rakocy 2004b). Fish 
(Nile Tilapia, Oreochromis niloticus) are stocked in the rearing tanks at 6-week intervals 
and cultured for 24 weeks. Tilapia fingerlings are stocked at a density of 77/m3 and an 
average weight of 50 grams and adults are harvested at 900 grams. The initial biomass 
is therefore 30 kg and the final harvested live weight is 540 kg. During the production 
period each tank is fed individually ad libitum for 30 minutes, three times each day. 
Input of feed ranges from 18 to 23 kg daily. 

Water is continuously pumped into the rearing tank from the sump and exits through a 
central bottom drain. This drain flushes out fish waste, both the solid feces and the 
dissolved metabolic waste. The effluent flows first into cone bottom clarifiers and then 
into filter tanks. Passive filtration removes 50% of solid waste in the clarifier with a 20 
minute retention time. These solids are concentrated in the cone bottom and removed 
through a drain at each feeding event. The remainder of the solid waste is trapped by 
netting in the filter tanks. The solids are retained on the net for a week and can 
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decompose and mineralize during that time, releasing nutrients into the water. From the 
filter tanks, water flows to a degassing tank where diffused aeration can displace 
gasses produced by metabolism (CO2) and decomposition of solid waste (CH4, H2S, 
N2). The water is also oxygenated as it flows to the hydroponic tanks. The hydroponic 
tanks are lined troughs, 30.5 m χ 1.2 m χ 0.4 m, arranged in pairs. Water enters at one 
end of a tank, flows its length, and returns in the second tank of the pair. The water 
leaves the hydroponic tank, flowing to the sump which is the lowest tank in the system. 
Water is pumped from the sump to the fish rearing tanks. 

Base addition , Effluent line Hydroponic tanks 

Rearing tanks 

Sump 
Clarifier — 
Filter tanks - Return line 

Figure 1. Schematic drawing of UVI Aquaponic System 

Table 1a. System Components-
Tank Number Volume 

Fish rearing 4 7 .8m J 

Cylindro-conical 
clarifiers 

2 3 .8m J 

Filter tanks 4 0.7 md 

Degassing tank 1 0.7 m J 

Hydroponic tanks 6 11.3 rrï3 

Sump 1 0 .6m J 

Base addition tank 1 0.2 m J 

Table 1b. System Summary Data. 
System Characteristics Volume & Area 
Total water volume 110 m J 

Land area 0.05 ha 
Total plant growing area 214 
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Experiment Design 

Ten varieties of cucumber were evaluated for production performance. The varieties 
were grown in groups of 5 varieties, and 3 plantings at two week intervals for each 
group. The system is comprised of 72 polystyrene rafts, each 2.97 m2 Seedlings of 
the 5 varieties were planted into 20 rafts, randomly selected around the system. Each 
raft was planted with 24 2-week old seedlings (8/m ). Each variety occupied 2 adjoining 
rafts. The varieties in the first group were "Tasty Green", "Speedway", "Diva", "Calypso" 
and "Lemon". The varieties in the second group were "Eureka", "Fanfare", "Sweeter 
Yet", "Palace King" and "Arminian". 

Harvests began when the first fruit matured for each variety. Fruits were harvested on 
Monday, Wednesday and Friday of each week until production declined and plant 
became damaged by pests. Fruits were counted and weighed for each raft and variety. 
Caterpillars were controlled with Dipel Bacillus thuringiensis (Valent Bioscience, USA) 
twice each week. 

Results and Discussion 

Production results are listed in Table 2. Most varieties yielded between 17 to 24 
fruits/m2 Two varieties, "Armenian" and "Lemon" had very low yields of 1 
fruit/m2/planting and would not be recommended for production. Differences in type 
make direct comparisons of mass difficult as there are different expectations. "Palace 
Kings" was the best yielding Asian type and "Sweeter Yet" was the best burpless. The 
two pickling and two slicing varieties yielded equal number of fruit for each type. 
"Cajypso" (3,578 g/m2/planting) yielded a higher mass than "Eureka" (2,756 
g/m /planting) and "Speedway" (5,180 g/m2/planting) yielded a higher mass than 
"Fanfare" (4,764 g/m2/planting). 

Conclusion 

Most cucumber varieties produce well in the UVI Aquaponic System. Nitrogen, as NH3, 
is excreted as waste from fish metabolism through the gills. Through nitrification by 
bacteria the NH3 is converted to nitrate, NO3". This source of nitrate leads to vigorous 
and healthy plant growth. Pruning and training are not required and plants run on the 
rafts and on the ground. Fruits were harvested when mature, which varies by type. 

The highest yields by count were from varieties "Speedway," "Fanfare" and "Sweeter 
Yet." The highest yield by mass was "Palace King." These should be tested in the 
marketplace for consumer acceptance and the best selected for production. 

Two varieties performed poorly, "Lemon" and "Armenian". These are both 
specialty/novelty types and did not tolerate the conditions of aquaponic production. 
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Farmers using aquaponic technology look for the opportunity to provide a variety of 
crops to their customers, including leafy greens, herbs and fruiting crops. Cucumber is 
a productive and viable crop. 

Table 2: Cucumber production in the aquaponic system. 

Variety Type Count/m2/planting Mass g/m2/planting 
"Armenian" Asian 1 157 

"Palace King" Asian 18 6,161 
"Diva" Burpless 9 1,739 

"Sweeter Yet" Burpless 24 6,013 
"Tasty Green" Burpless 17 5,148 

"Calypso" Pickling 19 3,578 
"Eureka" Pickling 19 2,756 
"Fanfare" Slicing 24 4,764 

"Speedway" Slicing 24 5,180 

"Lemon" Specialty 1 121 
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AN ANALYSIS OF TRAINING PRACTICES UTILIZED BY "THE AGRICULTURE 
NOW TRAINING UNIT" OF THE MINISTRY OF FOOD PRODUCTION FOR 
DEVELOPMENT OF THE AGRICULTURAL SECTOR: A CASE STUDY IN TRINIDAD 
AND TOBAGO 

K. Gay. Agriculture Now Training Unit, Ministry of Food Production, Trinidad and 
Tobago 

ABSTRACT: In 'An Analysis of Training Practices Utilized by The Agriculture Now 
Training Unit of The Ministry of Food Production for Development of The Agricultural 
Sector: A Case Study In Trinidad And Tobago,' studies from Africa, Australia and 
Texas, USA along with the Latin America and Caribbean were overviewed to provide a 
degree of structure and theoretical underpinning for this study. Additionally, 
contemporary literature on strategic human resource management, training, 
development and international best practices formed the foundation in selecting 
appropriate methodology in pursuing this research. Methodologies included a balance 
between positivistic and phenomenological philosophies slanting towards a more 
qualitative approach given the numerous social issues associated with the agricultural 
sector regionally and locally (IICA, 2009, 2010; MFP, 2012). Both primary and 
secondary sources of data were used including surveys, questionnaires, semi-
structured interviews, reports, journals and other appropriate literature. Professor Ken 
Julien (2009) states, 

"The focus has always been crops for export - whether its cocoa, coffee, sugarcane," 
he added, "if you are thinking in terms of developed country status and you look 
around the world, the countries that do hold the status, one important criteria is that 
they are reasonably self-sustained in producing food for their own uses. " 

Furthermore, FAO and ILO (2012) contend that training for employment is biased 
toward urban employment, with few rural training opportunities that effectively prepare 
youths for productive agricultural work. Generally, technology transfer and extension 
activities do not usually target ' y ° u n 9 people, especially young women' (IICA, 2009; 
FAO and ILO, 2012). Review of the Agriculture Now Training practices reveal strategic 
fit with its agricultural training environment based on its requirements, resources and 
futuristic needs and practices employed for learning, development and mentorship. 
Ninety percent of APDP interns indicated that they thought of starting a business prior to 
coming into the programme. On the other hand, there is an increasing number of URP 
trainees that are desirous of starting their own backyard-home gardens versus working 
for farmers. Hence, this research signals an agri-entrepreneurship trend that is 
developing within the local agricultural sector. The programme takes into account the 
sectors needs, the farming community's needs and the interns needs, collectively 
enshrined in both programmes. Given the constraints and scope of the paper as it 
pertains to the CFCS, the focus will be mainly on the APDP component of the 
Agriculture Now Training. Hence, the following represents a brief extract of a larger 
body of research conducted by the researcher. 
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Introduction 

Food Security according to the Food and Agriculture Organization (2001) "exists when 
all people, at all times, have physical, social and economic access to sufficient, safe and 
nutritious food to meet their dietary needs and food preferences for an active and 
healthy lifestyle." Thus it is the government's responsibility and mandate to ensure food 
security in tandem with the Millennium Development Goals (UNDP, 2012) in the 
eradication of poverty. More specifically, it is the Ministry of Food Production's role and 
contribution not just to the Government of the Republic of Trinidad and Tobago but also 
to the citizenry, as the economic rationale for this concept is such that a country must 
be able to adequately satisfy the consumption and nutritional needs of its people in 
order to be considered as possessing a degree of development. 

Given the inherent characteristics of Caribbean economies, islands must seek to 
increase food production in order to sustain it efficiently and reduce high food import 
bills. Hence, human resource development (Armstrong, 2006) is crucial as people must 
be trained with the necessary skills set in order to produce the goods and services 
required to meet local consumption and press towards food security. 

Company Background 

The modus operandi of the Ministry of Food Production (MFP) is reflected in their vision 
statement and mandate as charged by the Government of the Republic of Trinidad and 
Tobago (MFP, 2012). These reveal the corporate strategy, direction and scope of the 
Ministry's undertaking (Andrews, 1980; Lynch, 2009). This research is directly related to 
the Ministry's Agriculture Now Training Programmes, namely the Agriculture 
Professional Development Programme (APDP) which interns University graduates in 
Agriculture and Agribusiness to increase involvement of young people in the sector. The 
Ministry has echoed the sentiments that these training programmes will be the catalyst 
to achieve the objectives of the National Food Production Action Plan 2012-2015 (MFP, 
2012). 

The Agriculture Now Training Unit's core functions are as follows: 

1. To provide agriculture training courses to members of the public interested in 
participating in the agriculture re-training programmes offered through the 
collaborative effort of the Unemployment Relief Programme and the Ministry of 
Food Production. 

2. To manage the Young Professionals in Agriculture (also called the Agriculture 
Professional Development Programme) with agriculture and agri-business 
interns. 

3. To facilitate the identification of employment opportunities for successful 
graduates from these training courses. 

4. To facilitate interested graduates in setting up their own micro or small 
enterprises. 
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Research Issue 

In the case of Trinidad and Tobago, petro-dollars have facilitated a rising food import bill 
as seen in the rise from approximately TT $2 billion in 2006 to the current estimated 
value of TT $4 billion (Trinidad and Tobago Chamber of Industry and Commerce, 2012). 
However, with the decline in revenues from oil, the country must begin to look inwardly 
as it moves towards greater development. This becomes even more crucial in light of 
declining reserves (IMF, 2007). In the Follow-up To the Implementation of the World 
Food Summit Plan of Action Report (2008) the then Ministry of Agriculture, Land and 
Marine Affairs indicated that several factors affect the stability of food supplies in 
Trinidad and Tobago. 

• "Trinidad and Tobago is one of the largest net importers of food in the 
Caribbean. As a result it is susceptible to the disruptions in trade flows which 
can affect the stability of the food supply. 

• The aging of farmers and the inability to attract and keep young persons in 
farming due to more lucrative employment in other sectors. 

• Praedial larceny is a major problem which affects food production. 
• Lack of capital investment in the agricultural sector due to high risk and 

uncertainty of returns." 

This research definitely has national strategic relevance as "the food import bill 
continued its upward trend, moving from TT$ 2.8 billion in 2006; TT $3.4 billion in 2007 
and to TT$ 4.2 billion in 2008. The value of the food import bill in 2008 represented a 
23.5% increase over the previous year's bill," (IICA, 2010, p.7), even more detailed 
figures that the Chamber's. With citizen's facing an everyday crisis in purchasing food, 
and the government's managerial dilemma to ensure its cost effective availability, the 
scenario reveal the national significance and potentially regional significance of this 
study as the MDG and its attainment becomes even more crucial. 

The research question is as follows: 

• Are the training programmes for persons in the agricultural sector achieving the 
government's mandate for the Ministry of Food Production? 

Research Objectives 

1. To assess the current training practices applied for the training programmes of 
the Agriculture Now Training Unit of the Ministry of Food Production (MFP). 

2. To evaluate the current training practices applied and benchmark against existing 
literature, theory and international best practices. 

3. To review the current training practices and compare against industry norms, 
policies and regulations of the Government of Trinidad and Tobago. 

4. To identify gaps and make relevant recommendations if and where necessary for 
the improvement of the agricultural sector. 
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Literature review 

Strategic Human Resource Management 

According to Armstrong (2008) strategic human resource management is "an approach 
to the development and implementation of HR strategies that are integrated with 
business strategies and enable the organization to achieve its goals." Increased 
competition in the international environment has led to changes in business strategies in 
order to increases chances of survival (Armstrong, 2008). This become even more 
crucial in the agricultural context where the farming population is aging, youths are not 
readily inclined and attracted to the agricultural sector and access to resources are 
limited (IICA, 2009; MFP 2012; Webster, Ganpat and Chester, 2013). 

As the implications of not achieving the Millennium Development Goals via reduction of 
poverty place international pressures on sovereign states, the effort to move towards 
food and nutrition security heightens. This therefore calls for organizational strategy or 
"direction and scope over the long-term: which achieves advantage for the organization 
through its configuration of resources within a challenging environment, to meet the 
needs of markets and to fulfil stakeholder expectations." (Johnson and Scholes, 1989 
and 1997). 

Agricultural Human Resources 

The 2009 Agriculture and Rural Development document was prepared by the Inter-
American Institute for Cooperation in Agriculture (IICA), Food and Agriculture 
Organization of the United Nations (FAO) and Economic Commission for Latin America 
and Caribbean (ECLAC), directly speaking to the regional agricultural context with firm 
proclamations on the development of the human asset. 

Investing in roads, bridges and telecommunication infrastructure can create 
temporary or permanent jobs as well as improving transport and increasing the 
exchange of goods and services. This can create the foundation for more 
opportunities and competitiveness in rural areas. But policies should go further by 
giving youth access to productive assets including land and soft loans so they can 
start their own businesses. Such assets are currently difficult for young people and 
women to obtain owing to lack of collateral, or to traditions, norms or institutions, such 
as inheritance laws, for example, which traps them in a cycle of poverty and lack of 
opportunities." (IICA, FAO and ECLAC, 2009, p.72). 

Local Context 

The literature does not adequately speak to the local scenario and in the context of this 
research; an evaluation of practices, programmes and performance was reviewed to 
see if reconciliation is needed in terms of what obtains in the sector versus the training 
mandate. Webster, Ganpat and Chester (2013) signal that there are several successful 
youth development models but "caution should be used when taking an approach that 
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overlays those that have been designed, developed, and tested only in contexts outside 
of the Caribbean." 

Human Resource Planning 

Beardwell, Holden and Claydon (2004) defines human resource planning as "the 
process for identifying an organisation's current and future human resource 
requirements, developing and implementing plans to meet these requirements and 
monitoring their overall effectiveness." On the other hand, Torrington, Hall, Taylor and 
Atkinson (2011) advocate it as a strategic programming where it operationalizes and 
clarifies organizational strategies. 

Training Brokerage 

Kilpatrick, Fulton and Johns (2007, p. 14-15) introduce the concept of training brokerage 
as a continuum of activities designed to better match training needs and opportunities. 
In essence, they seek to inform providers and potential clients about needs and 
opportunities, whilst referring clients and providers to each other. Training is modified 
where necessary, negotiating content and delivery between potential clients and 
providers whilst developing training programs to fill gaps in the industry. They contend 
that "for policy makers, industry bodies and institutional investors in training, the broking 
model provides a mechanism by which to reduce duplication of effort in assessing 
training needs and developing and delivering training." 

Agricultural Planning 

Planning is therefore critical to ensure labour needs requirement for the agricultural 
sector. Mullins (2010) though not speaking in an agricultural context, agrees with human 
resource planning for succession planning and organizational success, a similar theme 
of IICA, FAO and ECLAC (2009). Mullins contends that training programmes should be 
carefully planned and should reflect the priority areas. Additionally, they should start 
with clearly defined objectives, using appropriate training methods, incorporating an 
effective system of review and evaluation. In the local context MFP acts as the broker; 
however, local research bear gaps as it pertains to review of agricultural training 
practices and this research aims at highlighting some training elements and the 
development objectives. 

Start-Ups 

The failure rate of start-ups is high and the transition from being an employee to 
becoming an employer can often be a challenging one. Many young entrepreneurs have 
limited access to resources including land, labour, capital, markets and business advice. 
Hence, incubators provide access to these and other resources whist preparing 
entrepreneurs and their businesses to become even more resilient; in essence, 
facilitating a supportive and enabling environment for businesses. This becomes even 
more crucial in an agricultural context where capital costs can be high for machinery, 
skilled labour is difficult to access amongst land tenure and other issues. In the article, 
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'Farm Incubators Help Would-Be Farmers Succeed On Their Own,' Langston (2011) 
pronounces that, 

'Farm incubators are one answer to what many see as an increasingly pressing 
problem in agriculture: nurturing the next generation of farmers.... The trouble isn't 
lack of interest; it's that the infrastructure, money and skills, even the necessary 
government aid. . .are too often just out of the reach." 

Additionally Powell (2010) in Incubating New Farmers state that there have been high 
rates of success in developing new farm businesses. Whilst this may be so in a US 
context, in the local context, it goes beyond this scenario as there is also a stigma 
attached to agriculture and it is not viewed as a viable career path given its plantation 
history. Hence, the governmental training mandate must be seen as relevant, dynamic 
and competitive to attract appropriate personnel into the sector. 

Incubators 

InfoDev (2012) is adamant that "a thriving and competitive indigenous agribusiness 
sector relies on an effective innovation and entrepreneurship eco-system of flourishing 
and innovative enterprises." This therefore means that appropriate support systems 
must be in place to facilitate this type of entrepreneurial development, such as effective 
policies and regulation, financing and infrastructure. Incubation is the next level in 
developing business capacity and strengthening start-ups in a safe environment before 
going out to a competitive and unforgiving business environment. 

Resources 

IICA, FAO and ECLAC (2009) strongly advocate the development of policies to give 
access to resources in a bid to increase the number of business being established in 
the agricultural sector, increasing youth engagement and reducing unemployment. 
InfoDev (2012) has approximately sixty agribusiness incubators around the world. It 
should be noted that the three incubators that are closest to Trinidad and Tobago are in 
Jamaica, Dominican Republic and Dominica. However, they are engaged information 
technology business activities and not agribusiness. Given this reality, it is 
recommended that the Government of Trinidad and Tobago explore the option of 
establishing an agricultural incubator. As indicated, one of the roles of the incubator is to 
provide access to resources; therefore government must have resources available if 
they are to embark upon such. Grant's Assets and Resources model (1991) can be 
used to assist in assessing the feasibility of establishing an agricultural incubator. 

Cases 

In the Texas context (Mcintosh and Picou, 1985), the unemployed and underemployed 
were trained to become job ready using classroom and on-the-job training as an attempt 
to provide greater levels of skills and commitment to full-time, steady employment. 
However, success rates varied according to different commodity areas. On the other 
hand, the Niarobi (Kenya) study by Wanjiku, Mairura and Place (2010) concluded that 
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respondents had very good recollection of training aspects, and increased knowledge, 
but there were challenges to implementation of training skills due to lack of resources. 
In the evaluation of the training, a feedback mechanism was evident with respondents 
indicating the following: 

"Proposed means to improve future training suggested by trainee respondents: 

• More practical and field oriented 
• Allocate more time 
• More networking, participation, and interaction among multi-stakeholders 
• Follow work plans 
• Provide resources and funding 
• Scrutinize resource persons" 

Interestingly, the case of ISCRAF, in Africa, signals significant learning points for 
Trinidad and Tobago as reflected in their recommendations to improving their training 
initiatives after the review. Several recommendations were given despite the positive 
success report. The most significant of these recommendations is the sixth point that 
"Relevant training evaluation systems for the agricultural domain need to be developed 
as it is not clear whether evaluation systems sourced from other fields are fully 
transferable into the agriculture field." Gaps exist as it pertains to the regional and local 
implications and as such this provides another area for potential research. 

Training Practices 

Training practices involves all of the elements identified throughout the literature review. 
More specifically it should be viewed as systematic approach to training including the 
recruitment, retention, teaching, mentoring, evaluating in a bid to develop the individual 
and collective competence and skill sets of the targeted persons (Beardwell, Holden 
and Claydon, 2004). It therefore calls for systems and structures both physical and 
institutional in a bid to achieve organizational strategy and its developmental agenda 
(Mullins, 2010; Armstrong 2006; 2009). 

After the appropriate persons are identified, attracted and recruited, appropriate 
curriculum must be disseminated by suitably qualified and experienced persons using 
various methodologies appropriate to the literacy levels of the targeted participants 
(Beardwell, Holden and Claydon, 2004; Wanjiku, Mairura and Place, 2010). Whilst the 
medium used may vary based on training objectives, time available for delivery of 
content, nature of content and literacy levels (Armstrong, 2009; Garofalo, 2003), 
learning and development must result in positive growth thus leading to enhanced skill 
sets. 

Agricultural Context 

In the agricultural sector, a more practical approach to teaching and learning must be 
adopted given the nature of the industry. A mix of classroom activities should be 
supported by practical field work, field trips as such the author agrees with Webster, 
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Ganpat and Chester (2013) in their articulation that "a greater focus should be placed 
on experiential learning." Teaching should be coupled with appropriate evaluation 
methods that would effectively assess the trainee (Beardwell, Holden and Claydon, 
2004; levels (Armstrong, 2009; Garofalo, 2003). Material should not only be relevant to 
the course objectives but easily assessable to increase chances of replicability by the 
trainee so as to solidify the training that is given. Evaluation methods can be verbal, 
written, practical and done throughout the duration of the programme or at the end. 

Mentorship should be done by appropriate agricultural stakeholders and an opportunity 
should be given for knowledge transfer between experienced farmers and 
inexperienced workers including university graduates that lack practical skills. 
Government's performance would be gauged as it pertains to the standard and cost of 
living for the citizenry. More specifically, the Ministry of Food Production's performance 
will be gauge against the National Food Production Action Plan (MFP, 2012) which it 
hails as the roadmap to boosting local production, reducing the food import bill and 
enhancing competitiveness in the sector. 

Methods 

Research Philosophy 

Given the very nature of agriculture as it pertains to quantitative issues of production, 
but also bearing significant social implication a pragmatic stance was viewed as 
appropriate incorporating a similar epistemological position where either or both 
observable phenomena and its subjective meanings can be utilized. Hence, 
subjectivism via the phenomenologist view and positivistic objectivity, thereby finding an 
appropriate balance between a positivistic and phenomenological paradigm, along the 
methodological continuum (Hussey and Hussey, 1997). 

Research Strategy 

A case study strategy was deemed imperative as global food supplies have an impact 
locally; hence, examination of international case studies were undertaken and 
appropriate comparisons and conclusions were drawn. The problem of limited food 
supply and distribution internationally can be further exacerbated if production is not 
increased and if the right kinds of people don't get involve, as trained labour and as 
entrepreneurs locally. 

Data Collection 

For the purposes of this study a hybrid approach to data collection was used as primary 
and secondary sources of data were utilized to glean further insight. Data was collected 
both qualitatively and qualitatively via surveys, questionnaires and interviews to assess 
quality of training delivered and whether the sector is successfully developing capacity 
or hemorrhaging. As it pertains to the APDP graduate programme the research 
explored whether people were previously involved in the sector and desire for 
entrepreneurship and other qualitative aspects. Primary data was gathered through the 
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use of a survey (Gall, Gall, and Borg, 2007) which the researcher designed and 
administered. 

Sources of data: 

Primary Data 

Primary data sources included: 

• Face-to-face interview with the Agriculture Now Manager (approximately 1 % 
hours long) 

• Face-to-face interview with two Supervisory coordinators (approximately 1 hour 
each) 

• Telephone interview with five farmers groups and MFP collaborators (10 minutes 
each) 

• APDP survey instrument (administered to all 30 participants) 
• URP Coordinators instrument (administered to all 10 participants) 
• Participant observation 

Secondary Data 

Mcintosh and Picou (1985) used secondary data sources used as compared to 
Wanjiku, Mairura and Place (2010) where both primary and secondary were used, 
increasing the scope and validity of the findings. This research followed the approach 
adopted in respect of both sources as it undertook a thorough analysis of training 
programmes, practices and some of the potential impact on the sector. The approach of 
ICRAF was appropriate for the APDP with University graduates as well as the URP Re-
training programme. Secondary data was also collected from journals, books, reports 
and publications so as to gain and further develop the theoretical underpinning for the 
study. 

Additionally, secondary data sources included in this study are as follows: 

• Ministry of Food Production reports (2012) 
• MFP-URP report (2012) 
• APDP Draft policy document (2012) 
• APDP Feedback sheets 
• APDP Exit interview sheets 
• Collaborator Assessment of Interns forms 
• Intern Assessment of Collaborators forms 

APDP Survey 

A five point Likert Type scale can be used on the survey comprising "mutli-chotomous" 
questions, which allows respondents to choose one of many answer choices (Brace, 
2004); this concurs with Waddington (2000) that questions requiring respondents to 
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indicate what items are the "most important" to "least important," then such a scale 
could be set up. The APDP questionnaire comprised of questions requiring participants 
to choose one or more options if applicable; Likert scaled questions; Yes-No and open-
ended questions. The questionnaire was administered to twenty-four persons and 
piloted to iron out any concerns and errors in formatting. Given there was only one 
minor change and "clarification" was given at the session, the pilot was adopted as the 
actual survey. The modification was from "Specialization" to "APDP Specialization". Six 
persons were absent at that session and permission was granted to e-mail them to 
undertake the questionnaire. All APDP interns were interviewed in census accordance 
with Central Limit Theorem. 

Data Analysis 

The questionnaires were sorted and prepared for input in the SPSS analysis software. 
Quantitative analysis via tables, distribution frequencies and cross tabulation with 
central tendencies (mean, median, mode) were the result after analyzing data using 
SPSS and Microsoft Excel. Similar to the ICRAF study cross tabulations were done in 
this study, however in the area of relevance of training and other areas identified such 
as entrepreneurship. Analytical induction was pursued in qualitative analysis. The five 
(5) main areas of APDP in Agribusiness, Agro-processing, Aquaculture, Crop and 
Livestock Production, allowed for a cross tabulation of area, gender, skills confidence 
amongst other areas. Interview notes were read and categorized; as themes arose, 
analysis was done within the emergent themes. After analysis of quantitative and 
qualitative data, information was presented using both graphical and non-graphical 
forms. 

Results and Discussion 

Studies from Africa, Australia and Texas, USA along with the Latin America and 
Caribbean overview provide a degree of structure and theoretical underpinning for this 
study. 

Agriculture Now Training Unit 

The Agriculture Now Training Unit (ANTU)'s Annual Report (2012) and an interviews 
with the Programme Coordinator and Supervisory Coordinators revealed the projected 
impact of ANTU's programmes on the performance of the sector in alignment with the 
National Food Production Action Plan (2012 - 2015). This supports the position of 
Johnson and Scholes (1989), Andrews (1980) and Armstrong (2006, 2009) that strategy 
provides direction and scope for an organization over the longer-term. It is anticipated 
that these programmes would provide not only train semi- skilled workers for 
employment in the sector but also mentor young agribusiness entrepreneurs. 

The Agriculture Professional Development Programme 

The Agriculture Professional Development Programme was created to assist in stopping 
the hemorrhaging that existed in the sector as a result or young professionals being 
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unable to find appropriate employment in the sector. With a vision "to assist Trinidad 
and Tobago to become a more food-secure nation through the creation of a globally 
competitive workforce of agricultural graduates through professional and technical skills 
enhancement within a motivational and structured environment," the programme is 
designed to bridge the gap that existed between the knowledge and experience gained 
by persons with Bachelors in Agribusiness with those who have pursued Bachelors in 
Agriculture. 

IICA, FAO and ECLAC (2009) insist that, "policies should go further by giving youth 
access to productive assets including land and soft loans so they can start their own 
businesses. Such assets are currently difficult for young people and women to obtain 
owing to lack of collateral, or to traditions, norms or institutions, such as inheritance 
laws, for example, which traps them in a cycle of poverty and lack of opportunities." In 
the context of the APDP, it bridges the gap not only in educational learning but builds an 
infrastructure whereby stakeholders are better managed and university graduates have 
an opportunity to tap into networking and resource opportunities. 

APDP Intern Profile 

At the time of the survey, the programme comprised of 30 persons 
The surveyed population indicated that all 30 interns were between the ages of 23 to 29 
years at the time of the instrument: (1)- 23yrs; (5)- 24yrs; (8)- 25yrs; (7)- 26yrs; (5)-
27yrs; (3)- 28yrs and (1)- 29yrs with 13 males and 17 females, 43.3% and 56.7% 
respectively. 

Specialization 

The programme allows interns to specialize in one of five areas based on their interest 
as such the results indicated (3) Crop Production; (9) Livestock Production; (1) 
Aquaculture; and (13) Agribusiness and (4) Agro-processing. 

Academic Qualifications 

The minimum entry requirements for the programme is a degree in Agriculture or 
Agribusiness and survey results revealed (3) Majors Agriculture; (14) Majors 
Agribusiness; (3) Bsc Agriculture and (10) Bsc Agribusiness. For the 17 persons who 
possessed Majors in Agriculture or Agribusiness, the following combination of Majors 
and Minors existed as seen in Table 1 below. 
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Table 1. APDP Academic Qualifications. 
APDP Academic Qualifications 
Undergraduate Breakdown 

Post-graduate Breakdown 

4 Major Environmental and Natural 
Resource Mgt 
1 Major Geography 
1 Major Agriculture 
5 Minor Entrepreneurship 
1 Minor Gender Studies 
3 Minors Communication Extension and 
Entrepreneurship 
1 Minors International Relations and 
Communication Extension 
1 Minors Sociology and Entrepreneurship 

4 Msc Tropical Animal Science and 
Production (Pursing) 
4 Msc Agri Food Safety and Quality 
Assurance (Pursuing) 
1 Msc Marketing and Agribusiness 
(Pursing) 
1 MBA (Pursuing) 
1 Marketing 
1 Msc Industrial Innovation 
Entrepreneurship and Management 

Source: Author's Research (2012) 

Programme Design 

The one year internship is built in phases to include an 

• Induction- which provides general exposure to the sector during the six weeks 
period of classroom sessions; videos; guest lectures; field trips and debates. 

• Production Phase- which allows interns to work with crop, livestock or 
aquaculture producers for a period of five months to strengthen practical skills set 

• Processing Phase-which provides eight weeks of exposure to value added 
processing activities in the agribusiness sector. 

• Specialization Phase - which allows interns to be exposure in their specific areas 
of interests such as agribusiness marketing, policy, trade or even back into 
production or processing. 

• Professional Developmental modules- provide business training to develop the 
entrepreneurial skills set. Modules covered include Project Management; 
Business Plan Development; Financial Management and Executive Leadership. 

It should be noted that whilst strategic human resources theory (Torrington, Hall, Taylor 
and Atkinson, 2011; Johnson and Scholes, 1989 and 1997; Beardwell, Holden and 
Claydon, 2004) and best practice allude to a "customized approach" in dealing with 
persons, the Ministry of Food Production has gone a step further to develop a 
customized internship which allows interns to specialize not just in the five areas 
identified before but more specifically they are allowed to specialize even further within 
their category such that no more than two or three persons may graduate with the same 
experience by virtue of the type of operations that they may be attached too. 
Additionally, persons in crop production may choose, short or long term; field or 
protected agriculture amongst other options. The checks and balance as it pertains to 
maintenance of standards and consistency is the internship phase specifications. The 
Ministry must be commended for this novel approach. 
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Reasons for applying to the Programme 

Table 2. Reasons for applying to APDP. 
Reasons for Applying to APDP 

Didn't have a job 1 
Didn't have a job; wanted to learn more agriculture 1 
Didn't have a job; wanted a practical programme 1 
Didn't have a job; wanted to start own agribusiness; wanted a practical 1 
programme 
Didn't have a job; wanted to start own agribusiness; wanted to learn more 2 
agriculture; wanted a practical programme 2 
Wanted to start own agribusiness 5 
Wanted to learn more agriculture 3 
Wanted a practical programme 5 
Wanted to learn more agriculture; wanted a practical programme 4 
Wanted to start own agribusiness; wanted a practical programme 1 
Wanted to start own agribusiness; wanted to learn more agriculture 
Wanted to start own agribusiness; wanted to learn more agriculture; wanted 4 
a practical programme 

Source: Aurthor's Research (2012) 

Left Job 

21 persons in the surveyed population indicated that they left their jobs to undertake this 
programme whilst 9 indicated that they did not. Of the 21 persons (5) Wanted a change 
of environment; (14) Wanted additional training; (9) Was not involved in agriculture but 
none indicate For more money. Of the 21 persons 12 were engaged in the agricultural 
sector whilst 9 persons were not. A further breakdown and can be seen below: 

• Wanted a change of environment (2) 
• Wanted additional training (7) 
• Was not involved in agriculture (5) 
• Wanted a change of environment; wanted additional training (3) 
• Wanted additional training; was not involved in agriculture (4) 

On-the-Job (OJT) Programme 

23 of the 30 APDP interns were employed through the OJT programme prior to enrolling 
in the internship. 6 persons spent less than 6 months; 7 persons spent 6-12 months; 1 
intern spent 12-18 months and 9 interns spent 18-24 months. Of the 23 persons 
previously employed in OJT, 18 were attached to agribusiness enterprises whilst 5 were 
not as reflected below: 

Agricultural attachments: 

• 9 Ministry of Food Production 
• 5 UWI Dept of Food Production 
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• 2 ECIAF Campus UTT 
• 1 Agricultural Development Bank 
• 1 Ministry Food Production; Agricultural Society Trinidad and Tobago (ASTT); 

Ministry of Education 

Non-Agricultural Attachments: 

• 1 San Fernando Corporation 
• 1 Ministry of Education 
• 1 Moruga Secondary School 
• 1 Ministry of Science and Tertiary Education & Ministry of Social Development 
• 1 Eric Williams Sciences Complex 

10 of the 23 former OJT's indicated "Yes" they left OJT to join APDP whilst 13 said "No." 
A breakdown of the reasons for the 10 persons leaving OJT for APDP are as follows: 

• For more opportunities 2 
• For more opportunities; wanted exposure in areas of interests 3 
• For more opportunities; wanted exposure in areas of interests; wanted more 

practical 4 

• Wanted exposure in areas of interests; wanted more practical 1 

APDP Customization Approach 
"The customization approach is relevant within the agricultural context, however, due to 
the entrepreneurial nature of the interns, placement may not always be in line with 
personal preference in terms of a business enterprise and relevant experience," 
according to one agribusiness intern. Interviews with management indicate some level 
of challenge with respect collaborators that are open to mentoring potential agribusiness 
entrepreneurs who can one day become their potential competition. 

100% of respondents indicated that they have never engaged in a customized training 
programme prior to APD. Additionally a crosstabulation between their views on the 
relevance of the customization approach and whether they thought that APDP would 
equip them with the skills to start their own business, reveal amazing results in that 90% 
thought that it would help them and that the training via the customization approach was 
relevant and appropriate to the local context. 
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Table 3. Crosstabulation between the relevance of customization and skills 
to start their business. 

Relevance of customization* starting business Crosstabulation Coun 
Start business Total 
No Yes 

Very 
Irrelevant 0 1 1 

relevance 
Irrelevant 
Relevant 

0 
1 

1 
11 

1 
12 

Very 
Relevant 2 14 16 

Total 3 27 30 

Source: Author's Research conducted through questionnaire research method (2013) 

Those who thought that the customization method was relevant to the agricultural sector 
in Trinidad and Tobago thought it would help them in their future endeavours. A 
crosstabulation was also done between their views on the relevance of customization 
and whether the training and exposure would help in their future endeavours and the 
results can be seen as follows where 14 interns strongly agreed. The difference 
between this and the previous crosstabulation is that 'future endeavours' may not 
necessarily include setting up a business. 

Table 4. Crosstabulation between the relevance of customization 
and future endeavours. 

Relevance * future endevours Crosstabulation Count 
Future endevours Total 

Neutral Agree Strongly Agree 
Very 
Irrelevant 0 0 1 1 

Relevance 
Irrelevant 
Relevant 

1 
1 

0 
8 

0 
3 

1 
12 

Very 
Relevant 1 5 10 16 

Total 3 13 14 30 
Source: Author's Research conducted through questionnaire research method (2013) 

Recommendations and Conclusion 

A review of the Agriculture Now Training programmes and practices employed reveal 
gaps that can potentially hinder the programmes; hence, the following reflects a few of 
the recommendations made to assist in addressing the gaps identified. 
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Remuneration 

Given the minimum wage received by URP workers, efforts should be made to ensure 
timely payments as failure to do so can mean that persons are unable to attend 
sessions, thereby defeating the purpose of the training exercise. So too a similar 
situation of late payments obtained in an APDP context and has led to high attrition, a 
situation further exacerbated by more attractive opportunities and remuneration out of 
the agricultural sector. 

APDP Programme Design 

Given some interns felt that the five-months Production Phase was too long, ANTU may 
want to review the design of the programme in shifting some of the time spent in the 
primary production phase to spend more time in the Processing Phase. 

Review Youth Incentive 

The Youth Agricultural Incentive (MFP, 2011) should be possibly be increased from 
$30,000 or have second tier / phase of youth incentive for youths who may have 
accessed it, started their business and looking to go on to another phase. Should the 
incubator be established, youths in the incubation programme can be given special 
consideration via a grant or second tier of incentives, particularly for those that would 
have gone through APDP and join the incubator. This would allow for strengthening the 
government's investment in youth in agricultural sector as public funds were and 
continue to be used in the APDP a programme designed to develop agribusiness 
entrepreneurs according to the programme objectives. 

The research compared the two Agriculture Now training Programmes against the 
programmes' objectives, taking into account multiple stakeholders' views of the 
programmes and suggests that indeed the Ministry of Food Production has designed 
two timely and innovative programmes in a strategic attempt to combat the food import 
bill, inflation, unemployment and youth engagement challenges. Hence, the sentiments 
echoed by the Ministry as it pertains to these programmes acting a catalyst to achieving 
the National Food Production Action Plan (MFP, 2012) can be supported by this 
research, which is the first official piece of academic research undertaken to access the 
training practices utilized by the Agriculture Now Training Unit, of the Ministry of Food 
Production for development of the agricultural sector in Trinidad and Tobago. 

In light of these gaps, recommendations were made (few of which mentioned above) to 
review the training remuneration, staffing, administrative structures, culture and youth 
incentives alongside the establishment of an agricultural incubator. There has been 
radical change in government's policy to focus on youth and labour, after which 
incremental changes where youth and labour have become consistent themes in 
government's agricultural policy, and they are constantly reviewing ways to improve the 
youth and agricultural labour context. Additionally, the approach utilized in the 
programme is very collaborative with key stakeholders consulted and incorporated in 
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the process as an integral component in the creation of an innovative agricultural 
workforce within a modernized agricultural sector. 

Ninety percent of APDP interns indicated that they thought of starting a business prior to 
coming into the programme. On the other hand, there is an increasing number of URP 
trainees that are desirous of starting their own backyard-home gardens versus working 
for farmers. Hence, this research signals an agri-entrepreneurship trend that is 
developing within the local agricultural sector. 

Future studies may seek to map the strategic levels of impact of training on the sector 
as it pertains to increases in actual food production and the nation's goal of food and 
nutrition security; achievement of the Millennium Development Goals and reduction of 
high food import bill. These can all be severely compromised if proper monitoring and 
evaluation are not undertaken in a timely manner. 
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ABSTRACT: The market and other types of information needs of farmers have 
increased in importance with the demand for food production worldwide. Agricultural 
Information can be important for the sustainability of farm production, since it can 
ensure farmers receive revenues, which can be reinvested into continued production. 
This paper investigates the market information needs of farmers in Trinidad and 
Tobago, to assess if it is being met and what information they consider most important. 
The Likert scale was employed to achieve this objective by rating the importance of 
various types of information. Point Score Analysis was used to determine the factors 
which were identified as important among vegetable crop farmers. Contrary to 
expectations, the study found that crop farmers ranked weather and climate information 
most important while market price information was ranked 11th. The study also 
highlighted the importance of other types of information which can potentially improve 
the sustainability of domestic crop production in Trinidad and Tobago. 

Keywords: Market Information, Agricultural Information, Likert Scale, Point Score 
Analysis. 

Introduction 

Information asymmetry refers to the imbalance of information in markets, where one 
group has superior knowledge over the other which leads to markets becoming 
inefficient (Borooah 2012). In a study of sub-Saharan Africa (SSA) Tollens (2006) 
identified that this asymmetry occurred especially with poor farmers in remote areas. 
Middlemen or traders who operated in the traditional markets were aware of the prices 
while farmers who weren't aware were victims of unfair payments. This asymmetry can 
also affect consumers when they are not aware of the prices charged in all retail 
markets therefore reducing their purchasing power. 

Eventually, to reduce asymmetry, the SSA governments invested in publicly operated 
marketing agencies to provide information to all stakeholders and therefore decrease 
and eventually remove asymmetry in the agricultural industry. Initially these systems 
mainly controlled prices by purchasing produce from farmers and reselling at a set price 
controlling the supply in markets while maintaining producer surplus. This centralized 
purchasing was not sustainable and was removed and market information systems 
(MIS) were introduced. A market information system is an organization that collects 
data, processes the data into market information and circulates the information to 
stakeholders (Kizito, 2011). 
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Although these systems provide many benefits to its stakeholders, they face 
sustainability issues. These issues occur since most systems are public goods and 
when governments remove public funding, the operations cannot continue as 
stakeholders do not pay for the information provided. For the operation of MIS, a cost is 
incurred for information collection, analysis and dissemination. These sustainability 
issues are more probable in economies where funding is limited and thus, to increase 
the lifespan of the MIS, the government will ensure that users benefit from its existence 
through increased food supply and stabilized food prices. 

This study focuses on Trinidad and Tobago, where a market information system called 
the National Agricultural Marketing Information System (NAMIS) currently exists. This 
system is owned and operated by the National Agricultural Marketing and Development 
Corporation (NAMDEVCO) which provides market prices daily and market volumes for 
agricultural commodities traded in the wholesale market monthly (Iton, 2011). However, 
a preliminary investigation completed on NAMIS, the current crop market information 
system of Trinidad and Tobago, highlighted that approximately 44% of crop farmers 
used the local MIS (Iton, Simon, and Khan 2010). 

Hypothesis 

In order to undertake the study, the following hypotheses were developed: 

1. Market information which are important to crop farmers: 

Ho: Domestic market prices is the most important type of information required by crop 
farmers in Trinidad and Tobago. 

H-i: Domestic market prices is not the most important type of information required by 
crop farmers in Trinidad and Tobago. 

Please note that the decision rule used for the hypotheses below is if the P-value < 
alpha ( α =.05) reject Ho otherwise fail to reject Ho 

2. Market information which are important to crop farmers: 

H0: Domestic market volumes is the most important type of information required by crop 
farmers in Trinidad and Tobago. 

H-i: Domestic market volumes is not the most important type of information required by 
crop farmers in Trinidad and Tobago. 
Please note that the decision rule used for the hypotheses below is if the P-value < 
alpha ( α =.05) reject H0 otherwise fail to reject H0 

Background 

Market Information Systems can lead to the reduction in transaction costs, which 
comprises of the cost encountered in the movement of commodities from farms to final 
consumers (Kizito, 2009).These costs include those related to gathering, processing 
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and decision making and its reduction decreases the final cost to consumers. The lower 
cost also increases the competitiveness of commodities produced, and provides 
farmers with the potential to enter new markets. In addition, farmers would be able to 
benefit from new markets, since these markets would be already identified by MIS and 
would allow the potential for expansion of production systems. They would also have 
the choice of carrying their produce to the closest market or the most profitable. MIS 
provides markets within the domestic, regional and international markets along with the 
products traded in those markets (Kizito, 2009). These systems make farmers aware of 
new possibilities to increase their welfare either through market expansion or 
commodities produced. 

Farmers are most times faced with uncertainty of prices which creates price risk, i.e., 
the risk that prices received would lead to production being unsustainable. Kizito (2009), 
stated that MIS reduces this risk through the circulation of prices and therefore allows 
for efficient allocation of resources which improves production systems. Planned 
production would also assist in this goal as crops would be harvested at periods when 
their market prices are forecasted to be high. This information would also have the 
potential to prevent market gluts and possibly stabilize market prices (Tschirley et al. 
1995, 2). Another form of risk would be associated with the uncertainty of weather which 
has a direct impact on production given the open field nature of crop production. MIS 
can provide weather updates and allow farmers to identify the best times at which to 
conduct their farm practices (Kizito, 2011). Updates can also warn farmers of rainfall 
trends and allow them to forecast floods and drought thereby reduce the loss of crops 
for harvest. 

Agricultural commodities are perishable products and therefore have a short shelf life. 
This tends to be disadvantageous to farmers when market supply is high, since farmers 
aim to get rid of goods before they start to deteriorate. Farmers sell at lower prices 
which maybe below their cost of production, which reduces their welfare. MIS provides 
farmers with market volumes and as a result farmers can store goods as opposed to 
carrying them to market at a loss. The decision to harvest can also be delayed to allow 
for time to get higher prices in the markets (Kizito, 2009). Shepherd (2011) stated 
another factor to consider would be production out of the established season to gain 
higher prices. MIS trend data provides such information, indicating the prices and 
volumes within a period. He also suggested the use of the advancements in modern 
techniques for out of season production via varieties that would lead to diversification, 
further increasing the profits of these producers. 

Information Disseminated 

Information is the main product of MIS but given the numerous factors involved in 
agricultural production, providers must ensure that the information which they provide 
adds value to farmers. Chomba et al., (2002) identified that farmers in Zambia needed 
agricultural information; (i) Cost of Production, (ii) Marketing Costs, (iii) Prices of 
commodities, and (iv) information on inputs. 
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Chomba et al., (2002) showed that cost of production information provides farmers with 
the ability to identify crops that would provide the highest returns and also negotiate for 
prices that would ensure profits. This type of information would require analysis, thus 
incurring a cost and should be limited to the number of commodities that are available 
free of charge. Market price information, which would also assist farmers in gaining a 
fair price for their commodities could be supplied free of charge. This information 
requires only collection and verification before it is distributed, attracting no major cost 
and therefore increasing the number of commodities which can be covered (Chomba et 
al., 2002). 

Price minimum, averages and maximums can be offered in addition to daily prices but 
the delivery of this information will vary in frequency. In addition, historical prices can be 
provided upon request, which will allow for trend analysis and the forecasting of periods 
when prices would be at their highest or lowest (Shepherd, 2011 ). 

Marketing costs, which includes handling, transportation, storage and processing of 
agricultural produce was identified by Chomba et al., (2002) as information which also 
assisted farmers in decision making. This material increases in importance in larger 
countries where farmers' proximity to markets, processing facilities and packing houses 
are greater allowing traders along with middlemen opportunities to disadvantage farm 
gate prices. 

Shepherd (2011) indicated that the knowledge of markets, including locations, and 
buyers contact information (wholesalers and retailers) was required information that 
also provided farmers with options for sale of produce and eliminates the need of sale to 
one buyer. It will similarly be important for farmers to be aware of input prices, including 
chemicals, seeds and labour (Chomba et al., 2002). This would provide farmers with 
assistance in production planning and lead to price reduction since these costs affect 
the overall cost of production. The provision of market volumes or supplies also assists 
in production planning since farmers would be able to identify the most suitable times to 
harvest their crops (Chomba et al., 2002). 

Agronomic practices such as, plant nutrient guides, information concerning pest and 
diseases have been shown to assist farmers in off season production (Shepherd, 2011). 
Both pest and disease have the potential to greatly impact available volumes for 
harvest. Robbins P. (n.d) stated that farmers who sell low quality goods have little 
bargaining power therefore the provision of agronomic techniques can assist farmers in 
this regard. These techniques used in production reduce the risk of infestation by pest 
and disease but can also increase the quality and quantities from production thereby 
increasing their bargaining power. Post-harvest handling activities and grading practices 
would also improve the quantity and quality of farmer output (Shepherd, 2011 ). 

Tollens (2002) showed that in order for information to be useful it must be relevant, 
meaningful, reliable, promptly available, easily accessible and simple to ensure users 
benefit from its use. User need must be evaluated to ensure that the information 
provided bears importance and is timely. This includes locations and intervals. The 

160 



language used in relaying information must also take into account the literacy levels 
among the farmers and in multilingual countries where different tongues exist. 
Information must not be biased to favour one group over the other but be accessible to 
all who wish to acquire it, therefore eliminating asymmetry in the industry (Tollens, 
2002). 

Methodology 

A total of 202 crop farmers were interviewed at farmers 
country during 2012. Crop farmers were selected 
because they represented the largest population of 
farmers in Trinidad and Tobago, shown by the 2004 
Trinidad and Tobago Agricultural Census. Figure 1 
shows the distribution of farmers in Trinidad and 
Tobago, where crop farmers accounting for the largest 
share (73%) followed by mixed production systems of 
livestock and crop farmers. It should be noted that 
livestock only farmers account for the smallest 
population in Trinidad and Tobago (Agricultural Census 
2004 2012). 

Convenience sampling was used, for ease of collecting 
statistical data (Convenience sampling, 2012). Convenience sampling is defined as a 
non-probability sampling technique through which respondents are selected due to their 
accessibility and proximity to the researcher or enumerators. For this study Farmers' 
Markets are defined as regulated places of trade were only farmers are allowed to sell 
their harvested crops. These are located only in Trinidad and such Tobago was 
excluded from the study. It is anticipated that this method will not bias the study 
because farmers from various locations in Trinidad visit these markets to sell a range of 
fruits and vegetables. This was supported by NAMDEVCO (2012), which have reported 
that these markets have attracted 150 farmers, 
both small and medium sized weekly. 

Enumeration was conducted during the times when 
Farmer Markets were in operation. This was done 
for the ease of capturing as many farmers as 
possible. It should be noted that, some crop 
farmers who did not have produce to trade during 
the period the survey was conducted would not 
have been captured. Map 1, shows the location of 
the markets in yellow, where farmers were 
interviewed. 

In order to facilitate the rating of market information, the Likert Scale was used. Likert 
scales use fixed choice response formats and are designed to measure attitudes or 
opinions (McLeod, 2008). These scales allowed respondents to indicate the importance 

market located throughout the 

Figure 1: Distribution of farmers in 
Trinidad and Tobago 

11% 

• Other • Crop • Mixed • Livestock 

Data Source: Central Statistical Office of 
Trinidad and Tobago 

Map 1: Location of Farmer Markets in 
Trinidad 
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of information, this ranged from being unimportant to very important. The five point 
scale was used in this study since Garland (1991) showed evidence that the exclusion 
of the midpoint value resulted in distortions in results. For each score on the Likert 
scale, a value is allocated which indicated its value to farmers, these values ranged 
from zero (0) to four (4), shown in table 1. 

Table 1: Likert Scale ranking used in the study. 

Label (level of importance) Value used for 
Unimportant 0 

Low importance 1 
Moderate importance 2 

Important 3 
Very Important 4 

The Questionnaire 

A structured questionnaire was used for the study (see appendix A3). In many cases a 
Likert scale was applied to allow a weight or rating of how farmers viewed the 
respective types of information. In addition, the frequency for information's delivery to 
farmers and the mediums farmers preferred was also included in the survey to help in 
the assessment of their needs. 

The study separated market information in four groups: 
(i) Buyer and Seller information: this included the listing for stakeholders in the 

industry, which were farmers, middlemen, wholesalers, retail outlets, 
international buyers, and agro-processors. 

(ii) Trade information: information identified to be important to trade, which 
included market prices and volumes in the domestic and international 
markets, along with trade policies. 

(iii) Agronomic information: the section included cost of production, weather and 
climate reports, pest and disease information and plant nutrition. 

(iv) Market Reports: reports concerning population consumption, market trends, 
market forecasts, grades and standards along with information related to food 
safety procedures. 

Farmers were asked if they would like to receive these information groups and then 
rated the importance of the respective subgroups using a Likert scale. The 
questionnaire also aimed to identify the level of technology that was available to farmers 
and how they currently received market information. The demographics of the sample 
population were also collected to assist in explaining information needs in their relation 
to various factors. 
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Point Score Analysis 

To assess the market information most important to farmers, the point score analysis 
was applied. Point score is commonly used to quantify the decisions made by the 
sample populations, by allocating a value based on responses. The point score of each 
variable is calculated by the sum of the values selected by the number of respondents 
that choose the respective value. This formula is shown below: 

Point score = Σ ( i *Wj) (1) 
Where, 

i = value from chosen for market information i = 0, 1, 2, 3, or 4 
w = Number of respondents that choose the respective Τ 

Results 

Information Needs of Farmers 

Farmers were asked to indicate the types of market information they required with 
separate responses. A total of 69% wanted agronomic information, 59% wanted market 
reports, 58% were interested in buyer and seller information and 55% of the sample set 
selected trade information. 

The mode of the farmer responses to the level of importance, gave domestic market 
prices a rank of high, while eight other information types, such as, list of farmers, and 
list of middlemen received higher rankings (Table A1). Given inability for the mode to 
rank the types of information among each other the point score was employed. It 
revealed that Weather and climate reports received the highest rank with a score of 
473, while domestic market prices was ranked 11th with a score of 353 while domestic 
market volumes ranked 12th (Fig 2). 

The remaining top five types of information were Pest and Disease information (444), 
Cost of production of crops (437), Plant Nutrition (435), and reports on Population 
Consumption (403). The lists of agro processors, retail outlets and farmers were shown 
to be the least important to crop farmers with score of 317, 312 and 298 respectively. It 
should be noted that crop farmers showed a preference for wholesalers and farmers 
since they were ranked higher than the aforementioned listings. 

Reports of food safety, market trends, market forecasts, grades and standards and the 
listing of wholesale buyers were also ranked higher that market prices and volumes. 
These results led to the rejection of both null hypotheses which stated the importance of 
domestic prices and volumes. 
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Figure 2: Rank of the Importance of Market Information reported by farmers in 
Trinidad and Tobago. 

Conclusion and Recommendations 

The results indicated that NAMIS currently provides information of lesser importance to 
farmers and should include information of greater importance. The study highlighted the 
importance of weather and climate information, pest and disease information, cost of 
production information and plant nutrition information. These were ranked the highest by 
farmers and therefore should increase their utilization of the NAMIS system. 

It should also be noted that farmers also wanted market reports, such as Population 
consumption, market trends and forecasts, along with grades and standards. Although 
farmers ranked the stakeholder contacts lowest they are important and should also be 
supplied to farmers given the benefits in the choice among different markets. 

This study has the potential to reduce the two key binding constraints identified by 
President Bharrat Jagdeo (2007), namely "(i) weak marketing systems, linkages and 
participation and (ii) weak and non-integrated information and intelligence systems". 
Therefore, it is recommended that the study be used to guide in the development and 
improvement of a MIS across the CARICOM region. 
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Appendix 

Table A1. Rating of information by farmers (mode of responses) 
Market Information Mode Rating of importance 

List of farmers 4 Very high 
List of middlemen 4 Very high 
List of wholesalers 4 Very high 
List of retail outlets 4 Very high 
List of agro processors 4 Very high 
Population Consumption 4 Very high 
Market Trends 4 Very high 
Market Forecasts 4 Very high 
Grades and Standards 4 Very high 
Food safety procedures 4 Very high 
Domestic market prices 3 High 
Domestic market volumes 3 High 
Trade policy 3 High 
Cost of production 3 High 
Weather and climate 3 High 
Pest and disease 3 High 
Plant nutrition 3 High 
International market prices 0 Unimportant 
International market volumes 0 Unimportant 
List of international buyers 0 Unimportant 
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ARE OUR FARMERS DYING WITH THEIR KNOWLEDGE? : LOCAL CROP 
PROTECTION PRACTICES IN TRINIDAD AND TOBAGO 

A. Boney1, C. Robley-Job1, W.A. Isaac1 and W. Ganpat2. department of Food 
Production, 2Department of Agricultural Economics and Extension, University of the 
West Indies, St. Augustine, Trinidad and Tobago 

ABSTRACT: Without the proper collection, documentation and preservation the local 
knowledge and practices of the aging farming population of Trinidad and Tobago may 
soon be gone with them! The objective of the study was to capture the local control 
practices for pests and diseases by farmers 60 years and over in Trinidad and Tobago. 
The Snowballing technique was used to select 95 farmers in both Trinidad and Tobago. 
Information was elicited using semi-structured questionnaires and face to face 
interviews. Data were analyzed using frequencies and percentages. The results further 
show a diverse number of traditional methods were used by farmers to control pests 
and diseases. Most of these were similar but may have differed a bit in the way each 
method was applied. A wide range of non-chemical, natural materials and methods 
were applied as for pest control which included: use of ashes, human urine, soapy 
water, black disinfectant. An overwhelming number of the farmers attested that the local 
control methods used are effective but very low percentage often use it, surrendering to 
the chemical approaches. A fair percentage of them obtained information about it from 
their grand-parents, parents and friends. It is recommended that local crop protection 
measures should be adapted to fit agricultural process by blending it with modern 
agriculture to achieve a sustainable agriculture. This will require validation trials and 
further basic research. The study reemphasizes the need to urgently collect, document 
and preserve the local pests and diseases control methods. 

Keywords: Local Knowledge, Indigenous Knowledge, Pest and Disease Control. 
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EXAMINING PREFERENCES FOR AGRICULTURAL INFORMATION SOURCES OF 
FARMERS IN TRINIDAD AND TOBAGO 

N. Samuel1, A. Moore2, and A. Valdez3. institute of Food and Agricultural Sciences, 
2Agricultural Education and Communications Department, 3Food Science and Human 
Nutrition Department, University of Florida, United States of America 

ABSTRACT: Extension in the Caribbean has traditionally been provided as a public 
good primarily through individual ministries of agriculture. However, numerous 
resources are currently available for farmers to gain information from a global 
community which has reduced the relevance of traditional extension. The objective of 
this study was to examine the preferred sources of agricultural information for farmers in 
Trinidad and Tobago (T&T), from the perspective of farmers, extension personnel, 
University of the West Indies faculty, and other stakeholders. This qualitative study was 
conducted as part of a study abroad trip to T&T in 2012. A convenience sample of 43 
stakeholders that included 17 farmers were interviewed. The findings showed that 
extension is widely recognized by farmers. Interviewees acknowledged input suppliers 
as the preferred source of information. Lack of timeliness and practical experience, 
neglect of individual small farmers, and the high ratio of farmers to extension officers 
were among the reasons provided by stakeholders for public extension losing its 
relevance. Other agencies providing information to farmers in the pluralistic extension 
system that exists in T&T include: farmer organizations, regional and international 
organizations, and statutory bodies, with no central coordinating agency. Consequently, 
farmers are being bombarded with a plethora of information that may not be unbiased or 
suitable. The public extension system of T&T should reassess its role as a provider of 
information for farmers in a pluralistic system to include being the single agency that 
coordinates the activities of the multiple players within the system with input from 
farmers and other stakeholders. 

Keywords: Farmers, Information Sources, Public Extension. 
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GUYANA AGRICULTURAL EXTENSION IN A CHANGING ENVIRONMENT: 
"TOWARDS THE FARMING SYSTEMS APPROACH" 

B. Chintamanie, Guyana School of Agriculture, Mon Repos, East Coast Demerara, 
Guyana, South America 

ABSTRACT: Rapid agricultural growth continues to be the key to poverty alleviation 
and overall economic development of Guyana. Agriculture accounts for about 20% of 
the Gross Domestic Product and is the source of livelihood for nearly 35% of the 
population. Research and extension have contributed significantly to the transformation 
of the Agricultural sector; however, the effectiveness of extension services is challenged 
in the areas of relevance, accountability and sustainability. It is becoming increasingly 
evident that public extension by itself can no longer respond to the multifaceted 
demands of farming systems. Present day agriculture is defined by key concepts of 
stability, sustainability, diversification and commercialization; therefore, there is urgent 
need for reorientation of the philosophy of extension from a technology transfer mode to 
a technology application mode. This paper examines the use of the Farming Systems 
Approach in agricultural extension and recommends the use of this approach to address 
issues of financial sustainability, farmers' participation in programme planning, research-
extension linkages, marketing and value addition in the Guyana's Agriculture sector. 

Keywords: Guyana, Agricultural Extension, Farming Systems Approach. 

Introduction 

Rapid agricultural growth continues to be the key to poverty alleviation and overall 
economic development of Guyana. Agriculture accounts for about 25% of the Gross 
Domestic product and is the source of livelihood or nearly 35% of the population. The 
agriculture sector in Guyana has been successful in keeping pace with the rising food 
demand of the Country and the Region as a whole. The Caribbean has recorded a 
massive one Billion US dollars food import bill in 2010. Guyana's Vision for Agriculture 
2020 seeks to change the view that agriculture is for subsistence livelihood while it also 
seeks to promote agriculture as a wealth generator and entrepreneurial enterprise, 
producing food and non-food commodities to meet local and export demands. 

Research and extension played a major role in bringing about the changes in the 
Agriculture sector that we see today, however, extension faces important challenges in 
the areas of relevance, accountability and sustainability. The changing economic 
scenario in Guyana and the need for appropriate agricultural technologies and agro-
management practices to respond to food and nutritional security, poverty alleviation, 
diversifying market demands, export opportunities, and environmental concerns is 
posing new challenges to the technology dissemination systems. It is expected that 
future agricultural growth would largely accrue from improvements in productivity of 
diversified farming systems with regional specialisation and sustainable management of 
natural resources, especially land and water. Effective linkages of production systems with 

169 



agro-processing and other value added activities including marketing would play an 
increasingly important role in the diversification of agriculture. 

History of Guyana Extension Services 

It is becoming increasingly evident that public extension by itself can no longer respond 
to the multifarious demands of farming systems. There is need for reappraisal of the 
capacity of agricultural extension to address, effectively, contemporary and future needs 
of the farming community. As the nature and scope of agricultural extension undergoes 
fundamental changes, the outlook is for a whole new policy for extension. The extension 
system has undergone many changes since it started with the founding of the Royal 
Agricultural and Commercial Society of British Guyana in March 1844 which was 
basically a co-operative effort by planters. Then in 1905, the department of Science and 
Agriculture was established with Agricultural Officers being posted in the different 
farming districts with the Ministry of Agriculture involved in a restricted numbers of 
research projects and varietal selection base in the Botanical Gardens. As of 1952, the 
extension division of the department of agriculture performed all extension service 
where field staff comprised of Agricultural Officers and field assistants were principally 
concerned with the execution of development programmes up to and until 2011. In June 
2011 the National Agricultural Research and Extension Institute (NAREI) based at Mon 
Repos, took over the extension services and were responsible for all coordination of 
extension activities in the country. 

The most significant development was the introduction of the Training and Visit (T&V) 
extension management system, starting in 1952, where the T&V extension was well suited 
to the rapid dissemination of broad-based crop management practices for the high yielding 
varieties that were released since the mid-1970s. The T&V system profoundly influenced 
extension practices and registered impressive gains in cultivated areas, because of the 
similarity between the agro-ecological conditions where technologies were generated and 
where they were ultimately used, and the favourable socio-economic situations and 
developmental infrastructure for their wider uptake. Indeed, the T&V system played an 
important role in ushering Guyana in becoming the "Breadbasket of the Caribbean". 

The focus of the Τ & V system being on disseminating technology for major field and 
vegetable crops, extension activities have been largely carried out by Crop Development 
and Support Services of the NAREI of the Ministry of Agriculture. The other line 
departments, such as the Guyana Livestock Development Authority (GLDA), Fisheries 
Department, The New Guyana Marketing Cooperation (NGMC), The Guyana School of 
Agriculture (GSA) and the Pesticides and Toxic Chemicals Control Board (PTCCB), have 
not been able to focus on extension due to lack of infrastructure, trained personnel and 
resources. The T&V system operated largely in the inter-personnel mode without planned 
and optimum utilisation of information support and with low level of involvement of farmers. 
The "top-down" approach generated uniformity rather than specificity and lacked focus on 
location specific needs of regions, disadvantaged areas, target groups enterprises, etc. 
The linkages between research-extension and farmer remained weak or non-existent. 
Media and information management largely remained in the public sector and 
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characterized by centralized operations. Farmer driven and farmer accountable feedback 
systems were not adequately developed. 

The transfer of T&V extension approach to rainfed farming areas where fundamentally 
different production systems predominate and more importantly, local conditions vary 
widely, resulted in serious limitations and failures. The system well suited to the rapid 
dissemination of pre-set agronomic practices for the high yielding varieties, failed to 
respond to the more location-specific, risk-prone agriculture. Similarly, extending the 
system to programmes for natural resource management, sustainable agricultural 
practices such as integrated pest management, integrated nutrient management and to 
diversified agriculture such as high value horticulture, livestock activities and fisheries 
did not meet with success. Nor could the T&V system adapt to the more holistic 
Farming Systems Approach towards which the new thrust of both research & extension 
had begun to focus. 

Towards a New Approach 

There was growing recognition that the T&V extension approach needed to be overhauled 
in meeting the technology needs of farmers during the 21st century. First, it is recognised 
that extension should begin to broad base its programmes, by utilising a Farming Systems 
approach. For example, attention should be given to the needs of farmers in rainfed areas 
in the Hinterland, and to diversifying extension programmes into livestock, horticulture, and 
other high value commodities that would increase farm incomes. Secondly, to support and 
strengthen the Farming Systems approach, issues of financial sustainability, farmer 
participation in programme planning, and research-extension linkages, marketing and 
value addition would have to be concurrently addressed. Present day agriculture is 
defined by key concepts of stability, sustainability, diversification and commercialization. 
There is need for reorientation of the philosophy of extension from technology transfer 
mode to technology application and thus the need for the implementation of this new 
approach. 

Present day agriculture is defined by key concepts of stability, sustainability, 
diversification and commercialization. There is need for reorientation of the philosophy 
of extension from technology transfer mode to technology application mode. Firstly I 
believe attention should be given to the needs of farmers in rainfed areas (especially those 
in Region 1, 7, 8 and 9) and to diversifying extension programmes into livestock, 
horticulture, and other high value commodities that would increase farm incomes. 
Secondly, issues of financial sustainability, farmer participation in programme planning, 
and research-extension linkages, marketing and value addition would have to be 
addressed. 

In the context of meeting the holistic needs of increasing agricultural production in a 
sustainable manner, agricultural extension has a crucial role to play. Reforms in the 
system envisage an extension service more broad-based and holistic in content and 
scope, thus beyond agricultural technology transfer. Its normal task of transferring and 
disseminating appropriate technologies and agronomic practices would not be sufficient. 
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Extension agencies, services and workers will need to exercise a more proactive and 
participatory role, serve as knowledge/ information agents, initiating and facilitating 
mutually meaningful and equitable knowledge based transactions among agricultural 
researchers, trainers and primary producers. All this needs to be done in an effective 
and cost efficient manner. 

Technology generation and its application will have to focus more strongly than before 
on the themes of optimization by producers of their available resources, sustainability, 
coping with diversity by adapting technology more specifically to agro-ecological or 
social circumstances aimed at creation of a policy environment that promotes profitable, 
productive and sustainable farming. 

The areas of focus should be the following: 

(1) Institutional Restructuring and Management Reforms 
(2) Strengthening Research -Extension Linkages 
(3) Capacity building & Skill Up gradation 
(4) Empowerment of Farmers 
(5) Women in Agriculture 
(6) Use of Media & Information Technology 
(7) Financial Sustainability 
(8) Private Sector Role 
(9) Policy Framework 

Farming Systems Approach 

Policy reforms in Agricultural Extension envisage the replacement of the old single-
discipline based, commodity-oriented approach of the Training and Visit (Τ & V) system 
by the Farming Systems (FS) approach. The FS approach considers the farm, the farm 
household and off-farm activities in a holistic way to take care not only of farming but also 
aspects of nutrition, food security, sustainability, risk minimisation, income and 
employment generation which make up the multiple objectives of farm households. FS 
considers interdependencies of the components under the control of members of the 
household as well as how these components interact with the physical, biological and 
socio-economic factors not under the household's control. The FS approach emphasises 
that research and extension agendas should be determined by explicitly defined farmers' 
needs through an understanding of the existing farming systems rather than perceptions 
by research scientists or extension functionaries. 

Institutional Restructuring and Management Reforms 

It is clear that no one uniform extension system will serve as a panacea to all regions. 
Even within Regions there will be a combination of various agencies and different 
institutional arrangements to address needs of differing agro-climatic zones as well as 
different sections of farmers. A menu of various models will be available to the Regions 
to select and adapt to their own requirements. 
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Restructuring The Extension Services will continue to remain central to Technology 
Dissemination, small & marginal farmers & economically challenged regions will need to 
be serviced by it. This implies that public extension functionaries will have to be placed 
in new decentralized institutional arrangements, which are demand-driven, farmer-
accountable, bottom-up and have a Farming Systems Approach (broad-based). With 
supplementation from the private sector, media and Information Technology the public 
extension service would be made leaner and professional. 

Improving Research-Extension Linkages 

Promotion of Direct Interface Between Farmers and Scientists 

The direct interface between scientists and farmers is the most ideal and should be 
undertaken wherever possible. It is an oft- repeated refrain that farmers learn best from 
scientists or other successful farmers. Moreover, transmission losses are minimized in 
the direct interface. However, there are relatively high costs attached to this direct mode 
of technology transfer and the outreach of scientists is limited. 

Activating Existing Interface Mechanisms 

Agricultural Research Committees of the NAREI and GLDA, initiated by Extension 
Department, hold national level interface, bi-annual meetings for improving research-
extension linkages 

The Setting Up of an Agro-Advisory Service 

Linking Weather Data with Crop Data 

Agro-ecosystem an assembly of mutually interacting organisms and their environment 
in which materials related to crop production are interchanged in a largely cyclical 
manner. An agricultural system functions with all its inputs and outputs. Inputs include 
all materials such as fertilizer, irrigation, pesticides etc. for proper functioning of the 
economic production system and outputs are the gains from the system in any form 
such as grains, leaves, stems, roots etc. Weather is one of the key components that 
control agricultural production systems and has a major impact on plants and animals 
as well as pests and diseases. Linking weather data with crop and livestock data will 
have a profound influence in how we manage our agricultural systems and as such it is 
recommended that an Agro-Advisory Services be established in collaboration with the 
Hydro Meteorological Department (Hydomet). 

Research Priority Setting Based on SREP 

Micro-level extension strategies reflected in the Strategic Research and Extension 
Plans (SREPs) based on PRA and developed jointly by the Regional Extension 
Department including the marketing department officials and scientists be formally 
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feedback into the research systems through a research priority setting mechanism in 
the NAREI and GLDA. 

Capacity Building of Extension Functionaries 

Formulation of HR Policy by Ministry of Agriculture 

Central Government support for HR in Agricultural Extension Should be available to the 
MoA only after the formulation and adoption of a HR Policy and Action Plan through a 
systematic skill-gap analysis (Such a policy would incorporate compulsory training and 
skill upgradation of all extension functionaries). It would also build in an effective system 
of rewards and incentives for public extension functionaries. 

Formulation of Training Plan for Extension functionaries 

A long-term training plan should be developed by each Region based on a thorough 
skill gap analysis. A massive campaign will need to be launched for skill upgradation 
and capacity building of extension functionaries using resources of all training institutes 
such as GSA and UG. The training be divided into Foundation Courses comprising skill 
up gradation in (i) need assessment techniques including the role of participatory rural 
appraisal (ii) group formation (iii) development of entrepreneurial skills for agri-business 
(iv) agri-business management (v) WTO and its implications (vi) marketing of 
agricultural produce (vii) post harvest management (viii) conflict resolution and 
negotiations between different interest groups (ix) management of common property 
resources (x) use of different type of media (xi) communication (xii) project preparation 
(xiii) data collection, analysis and documentation. Foundation courses should be 
conducted jointly with scientists of NAREI and GLDA. Professional Courses should be 
conducted at GSA and UG in various subject matter disciplines. 

The Guyana School of Agriculture to Take a Lead Role in Training 

As mandated in the agriculture Vision 2020 the GSA expected to take a lead role in 
formulating and conducting appropriate training programs to meet the needs of the 
extension department as well as the farming communities. Short and medium term 
training in various subject matter disciplines to commence. 

One Time Catch-up Grant for Training Infrastructure 

One-shot up-gradation of physical infrastructure of GSA to be considered to revive the 
training institute to an acceptable level. Funding for this purpose to be made by the MoA 
and Central Government 
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Empowerment of Farmers 

Involving Farmers in Setting Extension Agenda 

Farmers' representation as major stakeholders will be ensured in all decision -making 
bodies of public and private extension services. Farmer will be involved in the planning 
and implementation of extension programmes through formal institutional mechanisms. 

Implementation of Programmes Through Farmers' Field School (FFS) 

By ensuring that all programmes in the field are planned and implemented through FFS. 
The GRDB model works very well and should be adopted. In this respect farmers would 
be able to influence both administrative and financial decisions. 

Acquisition of Skills by Farmers 

Training and acquisition of skills by farmers is a central part of the technology transfer 
system because of the new practices involved in production. Greater focus will be 
provided for (i) assessing farmers' needs and skills; (ii) distinguishing different 
dimensions of training such as awareness, knowledge, skills and reinforcement, and 
using appropriate channels and methods for each; (iii) different kinds of technologies 
and advice required by different categories of male and female farmers, the transfer 
mechanism (e.g. face-to-face, mass media, different types of groups) they prefer during 
different phases of awareness, trial and adoption of new skills and technologies (iv) use 
of information technology for improving the quality and accelerating the transfer and 
exchange of information; (iv) organising training programmes on system based and 
sustainable technologies such as Integrated Pest Management (IPM) and Integrated 
Plant Nutrient management (IPNM); (v) organizing training and taking initiatives for 
capacity building of farmers towards agricultural marketing. Capacity building, skill up 
gradation/training of farmers would be largely conducted through farmers' field schools 
with an active participation of scientists and extension personnel. 

Women in Agriculture 

Mainstreaming Women in Agriculture 

Gender concerns need to be mainstreamed in the agricultural extension process. Public 
extension systems, which must disseminate new technology and information, are still 
largely male dominated. Hence the necessity to target women is to ensure that they 
receive information relevant to their work, particularly, with reference to crops and 
livestock. 

Use of Information Technology 

Information Technology revolution is unfolding, and has very high visibility. However, its 
benefits have remained confined primarily to the urban areas. Rural communities have 
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not been able to gain to the same extent from IT. As a means of agricultural technology 
transfer to farmers, information technology has had a limited impact. Even the vast 
potential of the broadcasting network has been tapped only minimally for extension. 

Financial Sustainability and Resource Mobilization 

Publicly funded extension will continue to play a predominant role in technology 
dissemination firstly because the large numbers of small disadvantaged farmers may 
not have access to or be able to afford any other kind, and secondly, because much of 
the new technology will not be commercially marketable for instance watershed 
management, land capability assessment and land use planning, breaking of yield 
ceilings sustainable management of natural resources and socio-economic research. 
But pressures on government expenditure mean that public funds will have to be more 
carefully targeted and more efficiently used. 

Changing Role of Government 

Role of State in Effective Regulation & Enforcement 

As a multi-agency extension regime proliferates, the responsibility of the State for 
effective enforcement of legislation, which ensures quality control of inputs such as 
seed, pesticides, fertilizers etc., will increase. State's role as arbitrator of conflicts 
between various private sector extension agents will also increase and systems to 
address grievances will need to be developed. This role will increase as the number of 
private extension agencies grows. Guidelines for private agencies would be required. 
However, in the emerging pluralistic scenario the role of public extension would need to 
be redefined from one of solely a provider of services to become increasingly an 
appropriate mix of provider, coordination, facilitator and regulator. The large section of 
small and marginal farmers and landless labourers as well as remote regions would 
continue to need the services of the public extension functionaries, as they are not likely 
to be serviced by a competitive private sector in the near future. Public Extension's role 
would increase in arbitration of conflicts, assuring accountability of all service providers 
to the farmers and ensure transparency through provision of information. The overall 
environment of private provision of extension services deserves to be encouraged 
through policy reforms and institutional changes so that rural people's needs serviced 
more efficiently. 

Conclusion 

In the context of meeting the holistic needs of increasing agricultural production in a 
sustainable manner, agricultural extension has a crucial role to play. Reforms in the 
system envisage an extension service more broad-based and holistic in content and 
scope, thus beyond agricultural technology transfer. Its normal task of transferring and 
disseminating appropriate technologies and agronomic practices would not be sufficient. 
Extension agencies, services and workers will need to exercise a more proactive and 
participatory role, serve as knowledge/ information agents, initiating and facilitating 
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mutually meaningful and equitable knowledge based transactions among agricultural 
researchers, trainers and primary producers. All this needs to be done in an effective 
and cost efficient manner. 
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IDENTIFYING AND RANKING THE MAJOR PROBLEMS AND SOLUTIONS OF 
CROP FARMERS IN TRINIDAD 

A. Sen non, W. Ganpat, and L. Narine. Department of Agricultural Economics and 
Extension, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Farmers in Trinidad and Tobago constantly complain about the myriad of 
problems they confront as they seek to earn a livelihood. Evidence suggests that 
government has taken several actions to bring relief to farmers over the years. In spite 
of this, the complaints continue. One reason may be because government is not 
addressing the main and urgent problems as perceived by the farmers. The objective of 
this study was to identify and rank in order of priority, the problems of farmers in 
Trinidad, as well as to solicit solutions also and rank-order them. The results will provide 
decision-makers with key information to plan strategies and impactful interventions. 
Data were collected from a random sample of 300 crop farmers across major food 
production locations in Trinidad. The survey instrument was a structured questionnaire 
and data were collected in 2012. The Problem Confrontation Index (PCI) was used to 
rank problems and solutions. PCI is a simple economic model useful for studies in rural 
situation. Results showed that the three top problems were: (i) the high costs of inputs, 
(ii) shortage of farm labor, and (iii) little or no incentives for youth to enter food 
production. The three top ranked solutions were: (i) provision of skilled labor for farming, 
(ii) lowering the costs of inputs, and (iii) provision of greater incentives and credit for 
farmers. Results show that while actions are needed at all levels, the major problems 
require actions at the policy level. These are most important and urgent if the needs of 
crop production farmers are to be satisfied. 

Keywords: Problems, Solutions, Crop, Farmers, Trinidad. 

178 



Proceedings of the Caribbean Food Crops Society. 49:109-112. 2013 

SOCIAL CAPITAL AND KNOWLEDGE NETWORKS AMONG SMALLHOLDER 
FARMERS IN SAINT LUCIA: THE ROLE OF SOCIAL LEARNING 

A S . Saint Ville\ G.M. Hickey1, and L.E. Phillip2, department of Natural Resource 
Sciences, 2Department of Animal Science, McGill University, Canada 

ABSTRACT: Social capital embedded within communities represents an untapped 
resource that could facilitate enhanced smallholder farmer adaptation and innovation in 
Small Island Developing States (SIDS) of the Caribbean. As the region confronts 
increasing food imports and rising non-communicable diseases, resilience of small-
scale farmers and their enhanced role in the agri-food sector gains prominence. Using a 
case study approach, we investigated how social capital influences knowledge transfer 
among smallholder farmers in St Lucia. We applied Social Network Analysis and Socio-
Spatial Knowledge Network methodologies in two rural farming communities of Black 
Bay and Marquis. Data were collected through 112 surveys of farmer households. Data 
were analyzed using UCINET software for network analysis, SPSS VI for statistical 
analysis and NETDRAW for network visualization. Results showed that smallholder 
farmers received new knowledge from diverse sources; 60% received new knowledge 
from other farmers, 40% from the extension officer, and 10% from the farmer's 
cooperative and television respectively. Results also showed differences in knowledge 
flow between the two rural communities. Knowledge networks in Black Bay appeared to 
be based on "weak ties" that facilitate the exchange of new information. In Marquis, 
knowledge networks appeared to be based on "strong ties" which foster group identity 
and cohesiveness but are less responsive to innovation and change. This provides 
strong evidence that social learning may operate as the primary means of knowledge 
exchange among farmers in these two communities. The potential implication of these 
findings is that social learning by farmers from their peers may become necessary as a 
result of recognized knowledge asymmetries within the agri-food sector of the 
Caribbean. Social capital embedded within farmer knowledge networks can be used to 
identify structural constraints to knowledge flow that may limit smallholder farmer 
innovation. Better understanding of social capital in rural communities has the potential 
to improve food security policy outcomes in the Caribbean. 

Keywords: Social Capital, Knowledge, Smallholder Farmers. 
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THE ROLE OF THE GUYANA SCHOOL OF AGRICULTURE IN ADDRESSING 
TECHNICAL CAPACITY BUILDING FOR AGRICULTURAL DIVERSIFICATION 

B. Chintamanie and D. Dass. Guyana School of Agriculture, Ministry of Agriculture, 
Guyana 

ABSTRACT: The Guyana School of Agriculture (GSA) was established in the year 
1963 by former President Dr. Cheddi Jagan. It became a state corporation in 1964 
offering the Diploma in Agriculture and the Certificate in Agriculture Programmes, and 
graduated the first batch of 15 students in 1966. Agricultural diversification has become 
an important mechanism for economic growth by providing opportunities that facilitate 
technological advancement and demand driven government policy. In recognition of this 
and the consequences of the external environment that influence the process of 
agricultural diversification, the Guyana School of Agriculture generated a desire to build 
resilience into its academic programmes. In the year 1994 the Certificate in Forestry 
Programme was introduced, followed by the introduction of the Animal Health and 
Veterinary Public Health Programme in 2007 and the Certificate in Fisheries 
Programme was offered in 2008. The school over the years has graduated 2935 
persons in different fields of agriculture and forestry celebrating 50 years of existence. 
This paper outlines the role of the Guyana School of Agriculture in addressing technical 
capacity building for agricultural diversification through the development of skills and 
capacities, as well as enhanced knowledge and information exchange between, the 
actors involved in innovation, including farmers and their organizations, agricultural 
research, education and training institutions, extension and advisory services 
institutions, and the researchers and professionals working in the agricultural sector of 
Guyana and the Caribbean. The School's programmes has not only allowed graduates 
to matriculate to local and international Universities and Collages but also their 
contribution to the sector has been remarkable with a geographic spread of 21 countries 
in the Caribbean and even in the African continent. This has been seen as a vital role in 
achieving robust and sustained growth in agriculture and therefore, GSA will continue to 
build on its strengths while seeking new opportunities for partnering and collaboration. 
This legacy would allow young people the opportunity to be involved in Agriculture and 
Forestry to realize their full potential and create wealth and at the same time preserve 
and conserve the environment for future generation 

Keywords: Guyana School of Agriculture, Agricultural Diversification, Capacity Building. 

Introduction 

Rapid agricultural growth continues to be the key to poverty alleviation and overall 
economic development of Guyana. Agriculture accounts for about 25% of the Gross 
Domestic product and is the source of livelihood or nearly 35% of the population. The 
agriculture sector in Guyana has been successful in keeping pace with the rising food 
demand of the Country and the Region as a whole. Due to the massive 4 Billion US 
dollars food import bill in 2013 by the Caribbean region agriculture will no longer be 
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seen as a subsistence livelihood activity. Agricultural programmes will have to promote 
agriculture as a wealth generator and entrepreneurial enterprise, producing food and 
non-food commodities to meet local and export demands. 

Guyana is well placed to support agriculture because of its abundance of fertile 
agricultural lands, available fresh water and rich and exclusive fisheries zone. 

Figure 1. Map of Guyana Showing the Natural Resources 
In 2002 former President of Guyana Dr. Bharat Jagdeo proposed to a Caribbean Heads 
of Governments that the Region should build on its past efforts to develop a Common 
Agricultural Policy. He stressed that in the changed global environment, the "agricultural 
sector was neither providing for food security nor earning the foreign exchange to cover 
the Caribbean's growing food import bill." Dr. Jagdeo presented a document that 
outlines the constraints of the sector and the necessary interventions to me made. This 
document is now called the "Jagdeo Initiative". In the Jagdeo Initiative two of the 
constraints identified were lack of skilled human resources and inadequate research 
and development. The necessary interventions that were recommended to address 
these two constraints were: 

1. Definition and implementation of a regional R&D policy and Action Plan and 
2. Upgrading and integration of curriculum and training at all levels 
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The Guyana School of Agriculture (GSA) was the brainchild of Dr. Cheddie Jagan and 
was established in 1963 and later became a state corporation in 1964. The objectives of 
the school are: 

1. To offer theoretical and practical training in Agriculture. 
2. To develop, manage and operate farms and undertakings of an agricultural 

nature, i.e. to operate commercial farms and undertakings in accordance with 
good farming practice. 

The mission of the school is "to promote and support agricultural development through 
education and training of young men and women interested in an agricultural career." 
The school started with two programmes; the diploma in agriculture and certificate in 
agriculture both being a two years programme, the latter being heavily biased towards 
practical. 

Agricultural diversification has become an important mechanism for economic growth. It 
depends, however, on there being opportunities for diversification and on farmers' 
responsiveness to those opportunities. Agricultural diversification can be facilitated by 
technological breaks-through, by changes in consumer demand or in government policy 
or in trade arrangements, and by development of irrigation, roads, and other 
infrastructures. Conversely, it can be impeded by risks in markets and prices and in 
crop-management practices, by degradation of natural resources, and by conflicting 
socio-economic requirements. 
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Figure 2. Relationship Between Contribution of Agricultural GDP and Growth Rate 
in Guyana 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Year 

From the figure above it is observed that there is a relationship between agricultural 
GDP and real growth rate. This underlines the importance of agriculture to the economy 
of Guyana. Agricultural diversification has become an important mechanism for 
economic growth by providing opportunities that facilitate technological advancement 
and demand driven government policy. In recognition of this and the consequences of 
the external environment that influence the process of agricultural diversification and 
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rural development the Guyana School of Agriculture has generated a desire to build 
resilience into its academic programmes. As such in the year 1994 the Certificate in 
Forestry Programme was introduced, followed by the introduction of the Animal Health 
and Veterinary Public Health Programmes in 2007 and the Certificate in Fisheries 
Programme was offered in 2008. The School has also extended its presence in Region 
2 by offering the Diploma in Agriculture and Certificate in Forestry at the Cotton Field 
Campus, Essequibo Coast. As the Guyana School of Agriculture celebrates its 50th 

year; GSA over the 50 years has empowered over 3000 youths in the field of practical 
and theoretical agriculture for food security and rural development, not only in Guyana 
but the region as a whole. 

Programmes Diploma 
in 

Agriculture 

Certificate 
in 

Agriculture 

Certificate 
in 

Forestry 

Diploma 
in 

Animal 
Health 

Certificate 
in 

Fisheries 

Total 

Total 1656 820 363 64 32 2935 
Average 37 18 20 8 6 

2935 

Figure 3. GSA Graduates 1966-2012 
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Figure 4. GSA Graduates by Different Programmes -1966-2012 
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Table 1. Summary of Graduates - 1966-2012 
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The school produces just below 100 graduates annually, diploma in agriculture being 
the largest batch. GSA has graduated professionals in different fields of agriculture and 
forestry thereby addressing technical capacity building through the development of skills 
and capacities, as well as enhanced knowledge and information exchange between, the 
actors involved in innovation, including farmers and their organizations, agricultural 
research, education and training institutions, extension and advisory services 
institutions, and the researchers and professionals working in the agricultural sector of 
Guyana and the Caribbean. The School's programmes has not only allowed graduates 
to matriculate to local and international Universities and Colleges but also their 
contribution to the sector has been remarkable with a geographic spread of 21 countries 
in the Caribbean and even in the African continent. 

Addressing Training Needs of the Future 

With Globalization, Technological Advancement, Climate Change and Food Security, 
capacity building is a key and brings appreciable benefit to farm productivity and 
modernization. Literacy correlates strongly, with the adoption of cultivars, nutrients 
management, mechanization, and with productivity. Increasingly, Guyana's agriculture 
sector depends strongly on science-led innovations and will require sound economic 
and technical management. GSA then, must see itself as part of a complex food system 
where its principle role is to provide a cadre of students that are: 

1. Smart, Functional, Relevant, 
2. Technologically sound, and above all 
3. Wealth Creators, Innovators and Early adapters 

GSA has recognized the challenges face in higher education in the 21st century; 

1. Loss of graduates to non-agricultural sector 
2. Decline of agricultural student enrolments; as the competition increase for 

suitably qualified high school graduates to tertiary institutions. 
3. The inability to significantly impact the high food import bill as agriculture 

graduates shay away from agriculture. 

GSA has seen that its education system is indivisibly linked with the business industries, 
tourism, health etc. The school has also recognized its strengths and has seen itself 
uniquely positioned to play a crucial role in addressing food security in the region. 

Going Forward 

The School has constantly reconceptualize, analyze and reformulate its programmes 
and strategies to be more competitive and responsive to the needs of the stakeholders 
and the challenges of higher education in the 21st century. Some of new activities are: 

1. Introduction of Food Science and Tech. Programme 
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2. Agro-Processing Training at the Community level 
3. Setting up of Demonstration Facilities (Grow Box/Hydroponics) 
4. Introduction of Short Courses 
5. Collaboration with University of Guyana (UG) 
6. Collaboration with national Agricultural Agencies (NAREI, GLDA, Fisheries, 

ASDU, etc.) 
7. Collaboration with Universities and Colleges - Locally, Regional and 

Internationally 

Conclusion 

While we celebrate 50 years of excellence will continue to build on its strengths while 
seeking new opportunities for partnering and collaboration. This legacy would allow 
young people the opportunity to be involved in Agriculture and Forestry to realize their 
full potential and create wealth and at the same time preserve and conserve the 
environment for future generation. 
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Dr. Leslie Ramsammy Minister of Agriculture of Guyana - Checking out one of 
G SA's Newest Products 
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THE VIRGIN ISLANDS BEGINNING FARMER TRAINING PROGRAM - ENHANCING 
OF THE COMPETIVENESS AND SUSTAINABILITY OF BEGINNING VIRGIN 
ISLANDS FARMERS 

S. Crossman1, T.W. Zimmerman2, E. Chichester3, C. Robles1, K. Boateng1, and M. 
Wilson1. 1UVi Cooperative Extension Service, USVI; 2UVi Agricultural Experiment 
Station, USVI; 3 VI Dept. of Agriculture, USVI 

ABSTRACT: The Virgin Islands Beginning Farmer Training Program aims to ensure 
that there will be a sustainable new generation of farmers in the Virgin Islands. The 
project seeks to improve beginning farmer's income and enhance their potential for 
success. The target audience is beginning crop and small livestock farmers. These 
farmers are provided with information, skills, and techniques needed to make informed 
decisions to enhance the success of their farming enterprise. This is achieved through 
education and training in production and farm financial management to assist them in 
acquiring and successfully operating their farming agribusiness. It is expected that, as a 
result of the project, the target audience will successfully operate their farms while 
attracting other beginning farmers to operate sustainable agribusiness enterprises. The 
program provided training to 127 beginning farmers in the Virgin Islands. Special 
emphasis was placed on demonstrations and hands-on activities which enabled 
participants to successfully perform necessary farm-related tasks. Of those involved in 
the training program 60% are currently farming and plan to continue farming and 
increase the size and efficiency of their farming enterprise. The program has attracted 
the attention of other persons who are interested in participating in the program and 
getting involved in farming. The feedback from the persons involved has been very 
positive. 

Keywords: Beginning farmers, limited resource farmers, farming enterprises, farmer 
training, vegetables, tropical fruits, small livestock, socially disadvantaged farmers, farm 
management. 

Introduction 

Farming in the Virgin Islands is characterized by its small scale but vibrant nature 
(D'Souza, 2002a). These farms generally produce a mix of crops and livestock. After 
years of a declining trend in agricultural production in the Virgin Islands, the most recent 
Census of Agriculture (USDA NASS, 2009) indicated an increase in the number of 
farms from 191 (in 2002) to 219 (in 2007). During this period of time, the total acreage 
of land devoted to agricultural production declined (mainly due to the closure of the 
dairy farms) but the number of small farms increased, both in number (23%) and 
acreage occupied (15%). 

The increased number of farms indicates that more persons are getting involved in the 
business of agriculture. It is therefore, very important that these new farmers are 
successful since their success will serve to encourage others to become farmers. 
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Growth in the agricultural industry is vital for economic development and sustainability in 
the Virgin Islands. 

Based upon the United States Department of Agriculture (USDA) definitions, an 
overwhelming majority of the farmers in the Virgin Islands are limited resource farmers 
and also socially disadvantaged farmers (African-American and Hispanic). Many of 
them are also beginning farmers, farming for less than ten years. In addition to the 
difficulties faced by being limited resource, socially disadvantaged, beginning farmers, 
they face many constraints that are peculiar to tropical agriculture in semi-arid, insular 
areas where land, water and other resources are limited and expensive. Some of the 
major constraints are: 

• limited availability of land and water for agriculture 
• high incidence of pests 
• limited knowledge about marketing 
• high cost of imported agricultural inputs 
• frequent natural disasters 
• limited access to financing for farm ownership and operation 
• competition from lower-priced imported produce 

Vegetable production in the Virgin Islands falls extremely short of meeting market 
demands (Dominique, 1990), and most of the agricultural commodities consumed are 
imported. It is estimated that local production constitutes only 5 to 10 percent of the total 
expenditure on agricultural products but this estimate is mostly thought to be overstated. 
D'Souza (2002b) reported that for selected fresh agricultural commodities, the 
aggregate annual expenditure was $35 million compared to the aggregate value of farm 
production of $2.8 million. The value of selected imported items that could be locally 
produced (vegetables; fruits & nuts; poultry; lamb, sheep, goat; and pork) was in excess 
of $31 million (value of imported produce not the retail value) while the value of local 
production was $2.1 million. 

A large portion of the market for agricultural products is derived from the tourist industry 
which, attracts two million visitors annually and provides opportunities of a larger, high 
quality market. Additionally, there are increasing numbers of residents who are 
interested in eating fresh, locally-grown food. Many residents and organizations have 
also been voicing their concerns about food security in the Virgin Islands. This 
information indicates the enormous potential market opportunities for local farmers if the 
proper infrastructure, resources and training are implemented with the objective of 
putting more monies into the pockets of the local farmers, thereby benefitting the local 
economy. 

The agricultural industry needs to be stimulated, strengthened and enhanced. 

The average age of farmers in the Virgin Islands is currently 57 years (USDA NASS 
2009), therefore the Virgin Islands should aggressively seek to attract and empower 
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beginning farmers and reduce the average age of local farmers. Presently, only 10% of 
farms in the Virgin Islands are operated by farmers under the age of 35. 

There is a definite need to train a new generation of farmers who will energetically 
broaden the scope of agriculture and take it to the level that is required for the 
agribusiness industry to develop. This project empowers beginning farmers to become 
more profitable, and attract others to and come to be involved in farming. 

Target Audience 

Two groups of Virgin Islands farmers were identified as participants in this project. One 
group is made up of new and beginning crop farmers, while the other group consists of 
new and beginning small livestock farmers. The range of their needs includes: 

• basic production technologies in crop, small livestock and apiculture enterprise 
development 

• technical assistance, training and decision support strategies that enhance their 
financial viability 

• marketing plan and strategies that enhance their competitiveness and 
sustainability 

• farm management, recordkeeping and financial management 
• understanding of and access to USDA and state programs 
• integrated pest management and pesticide safety education 

Their relative level of underdevelopment is characterized by the following critical 
barriers: 

• lack of technical know-how 
• limited or no access to capital, land acquisition and other resources 
• lack of understanding on how to access and utilize federal and state assistance 

programs 
• poor farm management and farm recordkeeping practices 
• lack of market planning and inability to enter into sustainable market agreements 
• age of farmer pool (average age is 57) 
• lack of interest in agriculture by youth and young adults 
• inconsistent and poor representation and advocacy, including weak farmer 

organizations 
• lack of patience of new farmers/farmer's groups in working through the process for 

individual profitability and organizational success 
• poor linkage in the value chain systems to suppliers of inputs and end-market 

outlets 

They all share similar low levels of: formal education, including literacy and 
mathematical competence; exposure to technical information and agricultural training; 
and access/utilization of USDA/state and other farmer loan programs and financing. 
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Approach 

The project was implemented by the University of the Virgin Islands (UVI), the Virgin 
Islands Department of Agriculture (VIDA) and local Farmer Based Organizations (FBOs) 
- We Grow Food Inc., Virgin Islands Farmers Cooperative and St. Thomas/St. John 
Livestock Association. Participants were recruited by UVI, VIDA and the FBOs through 
the media (radio, TV and print), emails, websites and direct contact. The FBOs actively 
recruited within and outside of their respective memberships. The outreach, training and 
technical assistance staff and subject matter specialist of UVI and its collaborating 
partners conducted training sessions on a wide variety of topics with an emphasis on 
hands-on activities and demonstrations. All training activities were conducted in the two 
political districts of the Virgin Islands (St. Croix and St. Thomas/St. John/Water Island). 
Other strategies allowed the participants to benefit from: 

• presentations by local guest speakers and invited presenters from U.S. universities 
• participation in workshops and conferences in the U.S. 
• attending local training classes conducted by other entities 
• opportunities to interact with local experienced farmers 

Project Activities 

A series of training courses were completed on topics related to: 

• Income Tax Preparation 

How to complete the required forms: 1040 Individual Tax Return; Form 242VI, 
Form 1040SS; Schedule F (profit or loss from farming); Monthly Income and 
Expense Work Sheet; Form 720B Gross Receipt Annual Return; how to apply for 
an Employer Identification Number (EIN); and assets depreciation and 
amortization. 

• Vegetable Crop Production 

The entire process from sowing seeds to harvesting produce including farm layout; 
land preparation; greenhouse seedling production; sustainable crop production and 
management; nutrient management; and drip irrigation. The crops grown were 
okra, cucumber, cantaloupe, watermelon, squash, tomato, tropical root crops, leaf 
vegetables, bell pepper, beet, carrot, radish and eggplant (Figure 1). 

• Integrated Pest Management and Pesticide Safety Education 

Pest management evaluations, decisions and controls: setting action thresholds; 
Monitoring and identifying pests; prevention; and control. How to safely select 
handle and apply pesticides including the use of appropriate personal protective 
equipment (Figure 2). 
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Fig. 1. Vegetable Crop Production. Fig. 2. Integrated Pest Management. 

• Farm Business Planning 

Business plan outline/business concept, mission statement, goals and objectives, 
forms of ownership/management, marketing plan/research/strategies, managing 
your money, projected financial ratios/breakeven analysis and financial statements. 

• Small Livestock Production (poultry, sheep, pigs, goats and rabbits) 

The business of small livestock management, poultry, sheep, goat, rabbit and 
swine production and management, small animal production, small livestock 
identification, pasture management, livestock nutrition/health and veterinary 
services. 

• Tropical Fruits Production 

Orchard site selection, field trip to an established orchard, micro-irrigation, plant 
propagation (grafting, budding, air-layering, seeds, cuttings) integrated pest 
management, planting/transplanting and pruning. Production and management of 
Oxalidaceae, Sapotaceae, artocarpus, musa, annona, avocado, pitaya (dragon 
fruit), papaya, pineapple, coconut, passion fruit, mango and other minor tropical 
fruits (Figures 3 and 4). 

Fig. 3. Field Tour - Tropical Fruit Production. Fig. 4. Plant Propagation (grafting). 
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• Computer Literacy 

Practical training on: parts of a computer; basic computer maintenance; keyboard 
symbols and keys; Microsoft Windows and Word basics; printing (direct, network, 
wireless); software; and using search engines (Figures 5 and 6). 

Fig.5. Basic Computer Literacy Training Fig. 6. Basic Computer Literacy. 
Training Graduation. 

• Post-Harvest Handling 

Extending the shelf life of farm products: keeping vegetables fresh for longer 
periods of time; main strategy was postharvest cooling; also included good 
handling practices. 

• Beekeeping/Honey Production 

Bee equipment, processing/bottling, hive management, safety, hive construction 
(box), use of smokers, bee biology, bee pests, and wild hive collection (Figure 7). 

• Post-harvest Processing (with importance placed on reducing loss and 
adding value to products) 

How to preserve and add value to your vegetables, fruits and meats, blanching, 
canning and freezing (Figure 8). 

Fig. 7. Beekeeping. Fig. 8. Postharvest Processing. 
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In addition, emphasis was placed on ensuring the sustainability of these farmers by 
providing training and information related to the requirements of federal and state 
programs which provide assistance to farmers and how they may organize themselves 
and take full advantage of these assistance programs. Specifically, participants were 
made aware of: USDA Farm Service Agency - Farm Loan and Crop Insurance 
Programs; USDA Natural Resources Conservation Service - Environmental Quality 
Incentive Program and other conservation programs; Virgin Islands Small Business 
Development Agency - Farmers and Fishermen Loan Program and Small Business 
Development Loan Program; along with UVI Small Business Development Center -
business counseling. The training program promoted business planning and 
management, provided educational material and assisted participants in developing 
business plans. They were also introduced to conservation practices which are important 
in assisting with the long term viability and profitability of farming operations. 

Conclusion 

The project provided the targeted beginning farmers with the knowledge, skills and tools 
needed to make informed decisions for their operations, improve their income and 
enhance their sustainability. In order to achieve this, the project specifically supported 
the implementation of educational outreach workshops, training and technical 
assistance. The expected outcomes of the project include that participants will: start or 
continue farming; increase their agribusiness knowledge; increase their farm income; 
feel more optimistic about farming; and improve their management and business skills. 
The key to success was communicating important technical and procedural information 
in a way that the farmers can understand and retain, and most importantly utilize and 
implement for their benefit and development. The long range outcomes of this project 
integrate three main areas: environmental stewardship; farm profitability; and 
prosperous farming communities. Participants appreciated the hands-on, practical 
activities and courses of long duration (8 weeks and longer). Materials and supplies 
provided by the project significantly contributed to the success. It is easier for 
participants to implement Best Management Practices when the required resources are 
made available. Participants expressed that they have benefitted tremendously from the 
many hands-on opportunities afforded to them in conjunction with the classroom 
instructions. Their experiential learning has resulted in changes in the adoption and 
application of their newly acquired knowledge and skills in their decision making. This 
has resulted in improved farm management and behavioral changes. 
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VIRTUAL OUTREACH: USE OF MOBILE TECHNOLOGIES FOR KNOWLEDGE 
MANAGEMENT AND EXTENSION SERVICES IN RURAL COMMUNITIES 
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Mathematical Sciences, University of Greenwich, United Kingdom 2Department of Food 
Production, Faculty of Food and Agriculture, The University of the West Indies, St. 
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ABSTRACT: Small farmers dominate farming in the Caribbean, where state extension 
and advisory services are financially stretched. The provision of timely, accurate advice, 
therefore, is less than adequate. The context of the problem investigated spans 
geographical locations with primary sites located in St. Vincent and with Trinidad and 
Tobago with secondary testing sites such as Belize, Kenya, and St. Kitts and Nevis. 
Agricultural field staff participated in the testing of the Virtual Outreach System. The 
Virtual Outreach System addresses the constraints and limitations of extension workers. 
Using a smart phone queries can be sent to a subject matter expert at the University of 
the West Indies, with or without a photo attached, and gets a response within 48 hours. 
Developed in September 2011, a virtual extension outreach pilot project was tested in 
St. Vincent and the Grenadines, Belize and Kenya between October 2011 and January 
2012 allowing for modifications to meet farmers' specific needs. Positive results were 
obtained, showing that information and communication technologies (ICTs) could have 
substantial impact on agriculture, as it could improve institutional information 
management, and communication between regional cooperation institutions and 
farmers, promote trade, financial cooperation and efficiency in key sectors such as 
agriculture and education. Results obtained from the focus group used to evaluate the 
initiative were contrary to popular belief that farmers are typically stuck with the old 
fashioned mind set and prone to rigid behaviour as far as technology adoption is 
concerned. In fact, they were very eager to learn new techniques. Most of the farmers 
showed immense interest in getting latest information and learning techniques which 
could transform their "age-old" farming methods. 

Keywords: Virtual extension, ICTs, communication, farmers, Extension staff, Caribbean. 

Introduction 

Knowledge can be defined as personal belief which increases an individual's ability to 
take effective action (Nonaka 1994); however, Vance (1997) defines knowledge from an 
information systems perspective as information that has been authenticated and 
thought to be true, thus implying that information becomes knowledge after it has been 
processed. 

The accessibility of relevant knowledge and information to farmers is extremely poor in 
developing countries as both the infrastructure and the network are not well developed, 
used and managed (International Service for National Agricultural Service, EFITA 2006 
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Conference). The current contemporary approach to agricultural extension does not 
allow farmers to take advantage of the wealth of agricultural knowledge that exists, as 
there are not enough extension workers to service the farming community rendering a 
gap between keeping the extension workers up-to-date with the latest advances in 
agricultural technology and knowledge to identify and diagnose new pests and 
diseases. 

"ICT (information and communications technology - or technologies) is an umbrella 
term that includes any communication device or application, encompassing: radio, 
television, cellular phones, computer and network hardware and software, satellite 
systems and so on, as well as the various services and applications associated with 
them, such as videoconferencing and distance learning" (Tech target 2011 ). 

ICTs can assist in addressing this problem as they can disseminate most up-to-date 
information quickly and cost effectively. This modern information technology support 
gives organisations the ability to organise information and solve problems anywhere in 
the world at any time as it allows the exchange of knowledge amongst individuals and 
the growth of a knowledge base which promotes learning leading to further knowledge 
creation. Worldwide, our lives are becoming increasingly integrated into ICTs as it is an 
emerging avenue for the dissemination of agricultural information. 

The majority of the rural population of St. Vincent farmers depend on agriculture as their 
main source of income. With particular emphasis on the banana industry, which 
currently faces major challenges in enhancing its production. ICT can play an important 
role in addressing this challenge as this research aims to assess the potential role of 
ICTs driven by mobile technology to: capture, store, access and disseminate relevant 
information in a timely fashion. 

Methods 

A virtual extension outreach pilot project was developed in September 2011 and tested 
on a focus group study carried out in St Vincent and the Grenadines between October 
2011 and January 2012. Two mobile phones were provided to assess the information 
and communication technology (ICT) needs of farmers using a focus group made up of 
six female and three male farmers from Langley Park. The intension of the pilot project 
was to identify and analyze with the community members their constraints, 
opportunities, prospects and priorities with respect to Information Communication 
Technology (ICT) facilitated by the use of mobile phones. Participatory tools and 
techniques were utilized to explore relevant issues relating to the livelihoods, wealth, 
crop production, processing, marketing and problem prioritization which affected their 
agricultural enterprises. 

Focus Group Discussion 

A team familiar with the community visited the Fair trade banana community to recruit 
farmers for the focus group discussions. A focal person from the group was identified to 

196 



facilitate the process. The recruiter approached the focal person who introduced him to 
various farmers. Farmers were selected on selection criteria, availability and their 
consent to participate in the discussion. A brief questionnaire for profiling the farmers 
was filled for each farmer and they were guided about the details of the discussion. The 
discussions based on the broad guidelines were moderated by the researcher. Two 
different mobile phone sets and a computer were used to show the audio and video 
messages to the respondents and demonstrate its uses in the banana industry. The 
participants were shown examples of audio and video messages using two different 
mobile sets to gauge their level of expertise on various functions of the cell phone. The 
messages were tested for their clarity, comprehension and conception. Their 
acceptability and farmers' immediate reaction to the concept were also recorded. The 
farmers' body language and expression were recorded by the moderator to gauge their 
acceptability to the concept of using ICT's for information dissemination. The 
discussions were audio recorded for the purpose of transcription and report writing. The 
results of the focus group discussion was the baseline for the proposed system (Figure 
1). 

High Level View of Proposed System 

Figure 1. Illustrates the high-level view of the proposed system. 
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The Virtual Outreach System 

Virtual Outreach 
Farmer 1 Partner 

Sufficient Spacing between links Sufficient Spacing between links 

Sien In 

A b o u t V i r t u a l O u t r e a c h 

Virtual Outreach is a farmer's information resource on the go. 

W e aim to serve your needs by providing a p l ace whe re you can 

1. Obtain answers to agricultural questions. 
2. Recieve field diagnostics and recommendations. 
3. Collaborate with Experts. 

F o r E n q u i r i e s 

EmaihSe rv i ce Manager 

Return top of page. 

Figure 2. The Virtual Outreach System. 

Based on the conceptual model derived from initial discussions amongst the team on 
the solution it was decided that Evolutionary Prototyping will be used with three major 
milestones (Figure 3). These phases are based on the implementation of modules: 

• Question and Answers (Q&A) Services 
• Field Diagnostics and Recommendation 
• Collaborations and fostering Communities of Practice 

Figure 3. Visual represent the development process 
of the three modules of the system. 
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Results and Discussion 

The rapid spread of information and communication technologies (ICT) in developing 
countries over the past decade offers a unique opportunity to transfer knowledge via 
private and public information systems. Mobile phones provide new opportunities to 
compliment traditional agricultural extension programmes to rural farmers as they give 
access to information on agricultural extension systems in a cost effective manner. ICTs 
can be used in agricultural knowledge for the improvement of communication linkages 
between research and extension services to farmers, as it brings new information and 
technologies to these communities thus allowing improvement in their production and 
standards of farming. 

In agriculture, extension plays a vital role in its development as it brings new information 
to farming communities (extension conference, 2011), allowing them to improve their 
production, income and standards of living. Buford (1990) highlighted the dependency 
of agricultural extension on information exchange between and among farmers and 
other individuals integrally involved in the agricultural sector. 

The swift adaptation rates of smart phones and innovative technologies have 
transformed the mobile phone into a platform that is capable of supporting various 
activities ranging from commerce to entertainment. The advance computing platform of 
the smart phone has practically created limitless opportunities for application developers 
to construct new ways to support a variety of commercial industries, academia and 
personal usage. 

The context of the problem domain spanned geographical locations with primary sites 
located in St. Vincent together with Trinidad and Tobago. There were also secondary 
testing sites such as Belize, Jamaica, and St. Kitts and Nevis; where agricultural 
personnel participated in the testing of the Virtual Outreach System. 

Focus was placed on the primary sites the farming community based in St. Vincent, 
Langley Park while information providers resided at the University of West Indies (UWI), 
St. Augustine. Given the characteristics of the Langley Park community much of the 
people's livelihood are dependent on the production and quality of crops. However, the 
attacks of various diseases that often destroy their yield and potential income, 
possessed a major challenge for the village. In recognition of this difficulty in Langley 
Park as well as in other CARICOM states, a number of lectures within UWI Food 
Production and Agricultural Extension departments made it a mandate to offer outreach 
services to the rural communities of the CARICOM states. This service essentially 
pertained to the provisioning of critical information which assists farmers in diagnosing 
crop diseases, advice on preventing the spread of diseases as well as improving yield 
quality. 

Key improvements stemmed from information about pest and disease control as this 
was the most pressing concern within the focus group, especially early warning 
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systems, new varieties, and new ways to optimize production (through training videos) 
so that their produce can be marketed on an international market. Awareness of up-to-
date market information on prices for commodities were some of the queries sent via 
the virtual outreach system by the farmers; inputs and consumer trends, all of which can 
improve farmers', particularly females livelihoods' substantially and have a dramatic 
impact on their negotiating position in society. Such information which can be 
disseminated through the virtual outreach programme can be instrumental in making 
decisions about future crops and commodities and about the best time and place to sell 
and buy goods. 

The Major Findings 

Crop production and general farming activities were identified as the prominent sources 
of livelihood involving men and women, with more than 50% of the women engaged in 
banana production and other farming activities as their primary livelihood ventures. Crop 
production and farming account for more than 80% of the means of livelihood for both 
men and women. Similarly, cassava, yam, plantain and banana, were the priority food 
crops. 

Among the banana enterprises, the priority activity of the community was the extraction 
of banana fiber. As agro tourism would be a major enterprise for them. Trading was the 
major non-farm livelihood activity for both groups. 

The major problems with banana production, common to the community were weed 
problems, high cost of fertilizer, lack of capital/credit, improved varieties, and technical 
know-how. Proximity to the market as well as low and fluctuating prices was a major 
problem of marketing produce. 

Appropriate strategies or development plans need to be carried out to meet both the 
banana production and processing needs of the farmers in St. Vincent. 

Based on the results of the focus group discussions, the inability of farmers to use ICT 
was similar to the result of Gelb and Parker's (2006) workshop "Questionnaire ICT 
Adoption Trends in Agriculture". Placing personal impediments as the dominant factor 
over time, putting the challenge now to the ICT developers to integrate ICT into existing 
systems making the VO system more user friendly for stakeholders; apart from personal 
impediments the lack of time and availability of a wireless (Wifi) system, the backbone 
of the entire system is another constraint which needs to be resolved for the VO system 
to be a success and for ICT to be seen as a time saver. 

The opportunity lied in increasing the efficiency, productivity and sustainability of small 
scale farms through technology transfer. The provision of this unique service through 
the use of ICTs in agricultural and rural extension to small farmers and the rural poor 
living far from the urban centres was able to promote non-formal education and 
information services. The results from the study was a clear indication that ICTs can 
make a significant contribution particularly in addressing the problem of the farmer: 
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extension officer ratio (500:1) in the Caribbean since it demonstrated that information 
can be transmitted simultaneously to more farmers compared to the traditional route of 
contacting them through site visits. 

Generally, the results obtained from the focus group were contrary to popular belief that 
farmers are typically stuck with the old fashioned mindset and prone to rigid behaviour 
as far as technology adoption is concerned. In fact, they were very eager to learn new 
techniques. Most of the farmers showed immense interest in getting latest information 
and learning techniques which could transform their "age-old" farming methods. 

Constraints in adopting ICT are not new, as it has been at the forefront of national and 
regional policies ever since computers became available for agricultural management 
and production (Gelb and Parker 2006). Griffin et al. (2004) argued that it is important to 
understand farmers' reasons for non-adoption first and then try to help the farmers 
address their questions to make them more confident in adopting the technologies to 
use. 

The Focus Group identified five areas of particular importance: 

• Investments in training and research 
• End user involvement in ICT development 
• Use of ICT to facilitate end user needs 
• Identifying participants roles in the ICT programme 
• Adoption barriers and their limitation 

• Constraints in obtaining the necessary tools 

Barriers to the Uptake of the VO system 

Farmers Profile 
There were nine farmers in all who participated in Focus Group Discussions. Various 
angles of their profile have been discussed here. 

Age profile 

The age profile here is not indicative of the natural age distribution in the farmer 
category. As age can act as an agent of change, as it allows the researcher to gauge 
the bahaviour and approach towards utilising new technologies. The greater proportion 
of farmers was of the age group 46-65 (56%). 

Size of Farm 

The land sizes documented here are those of the participant group and is not a clear 
indication of the average size of the land of the average farmer within the community, as 
there was no correlation between age and land size to draw a conclusion that older 
farmers tend to have more land, as farm land can be acquired through many mediums 

201 



such as personal investment to inheritance. The size of the farm differed amongst 
participants however it ranged from 1 to 5 acres. 

Literacy Capability of the Participants 

There were only two participants who had low levels of literacy. Overall the total sample 
had education levels providing them with the capability to read and write and operate 
the system. It was encouraging to note that there is a growing tendency among the 
farmers to educate their children. The families under interaction had very healthy 
education trends; the younger generation of farmers (35-45) were more likely to invest 
in the VO system. 

Mobile Habits 

The farmers in the community have access to a mobile phone. The attitude towards 
technology mediums has been discussed below: 

• Farmers operate mobile phones, but most of them can only make phone calls. 
Despite this restricted knowledge, they do feel comfortable with sending queries 
on their mobile phone 

• The usual span of having a mobile phone in their possession was always. 
• The use of an email address was not popular amongst the group. 

Sources of Information 

The various formal sources of information reported by the 9 farmers were government 
extension workers, representatives of private agro-chemical companies, 
distributors/retailers of pesticides and fertilizers and other farmers; no one sought the 
internet, books or magazines for sources of information. 

Farmers Perception Towards their Existing Level of Information and Knowledge 

There was mixed reaction towards farmers' perception of the level of their existing 
information and knowledge. The most commonly reported response was that they are 
aware of the traditional farming methods as they grew up with them. However, almost 
all the farmers acknowledged the limitations of information on modern technologies. 

They endorsed the fact that use of modern technologies (VO system) would largely 
affect their livelihood. However, it was recognised that the farmers need to be properly 
educated and trained on the system by practicing and utilizing the system, also the 
resources budget has a very strong influence as this very well thought out idea in theory 
would totally fall short if the farmer cannot afford it. 
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Figure 4. Framers from the focus group communicating 
via Skype 

Finally, the concept of using mobile phones as a major tool for reaching out the farmers 
and transmitting timely and low cost information was highly accepted amongst the group 
and the use of mediums such as SKYPE and You tube can communicate with a large 
group at once without being physically present for a face to face meeting. 

As most of the farmers had cell phones (very few had access to smart phones), after 
the training session the farmers became conscious about buying better quality phones, 
however, the fact that these devices were quite costly in their country along with the fact 
that the available data plans were also expensive proved to be a hindrance. 

Generally, the results obtained from the focus group were contrary to popular belief that 
farmers are typically stuck with the old fashioned mindset and prone to rigid behaviour 
as far as technology adoption is concerned. In fact, they were very eager to learn new 
techniques. Most of the farmers showed immense interest in getting latest information 
and learning techniques which could transform their "age-old" farming methods. 

Within the concept of the Virtual Outreach (VO) mobile system the main activities are 
data collection, processing and variable rate applications of inputs. The tools available 
consist of a wide range of techniques and technologies from information and 
communication technology. 

The provision of extension services by an institution is intrinsically information intensive, 
and researchers and experts face many difficulties in efficiently managing the enormous 
amount of data they collect/receive. They may lack sufficient time or are reluctant to 
invest the time needed to analyze the data and interpret the information. Additionally, 
the economic benefits of VO practices have yet to be proven. 
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A 4-H SCHOOL ENRICHMENT PROJECT TEACHES PLANT NUTRITION AND 
IRRIGATION USING A 'DO AND TELL' APPROACH 

D. Barber, J. Breman, N. Demorest, B. Hochmuth, J. Jump, and M. Bauer. Institute of 
Food and Agricultural Sciences, University of Florida, United States of America 

ABSTRACT: With 4-H programs, Extension takes a learn by doing approach to help 
students gain knowledge and skills needed to become successful. As the world 
population increases, agriculture will meet the growing food needs if engaged youth 
move forward in agricultural research and production careers. Food production can be 
a challenge in the predominantly sandy soils of northern Florida due to the extremely 
low water and nutrient holding capacity. Agriculture students must learn proper irrigation 
and fertilization management skills in order to limit the monetary and environmental 
expense of nutrient and water loss through leaching in this sandy soil structure. A team 
of Extension agents worked with a local agriculture instructor and 60 high school 
students to build two drip irrigated/fertigated test plots on which three pre-plant nitrogen 
sources and three irrigation treatments were tested in replicated trials, using mustard 
greens as the crop. Agents taught plant, soil and nutrient best management in 
classroom settings, and used an in-field demonstration of blue dye movement in soil as 
a visual model of water and nutrient movement. The community was invited to an open 
house just before harvest and students showcased what they had learned. Knowledge 
gained was evident as the students, positioned at different stations throughout the plots, 
explained their experiment and the scientific processes to attendees. Fertilizer pre-
transplant treatment of ammonium nitrate, commercially bagged cow manure, and 
coated urea yielded respectively 42,996, 42,558, and 40,645 pounds of mustard green 
fresh weight per acre. Irrigation treatments were made in increments of the UF 
recommended amounts, .5, 1.0, and 1.5, and were respectively 55,128, 56,459, and 
53,283 pounds fresh greens per acre. Youth participated in all data collection and four 
subsequent community event presentations. Nearly 1,500 pounds of greens were 
donated to local charities, thus adding the element of service learning. A successful 
and rounded 4-H learning project required staff and volunteer resources across program 
areas. 

Keywords: 4-H, Enrichment Project, Nutrition, Irrigation. 
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IMPROVING THE NUTRITION AND HEALTH OF CARICOM POPULATIONS 
THROUGH SUSTAINABLE AGRICULTURAL TECHNOLOGIES THAT INCREASE 
FOOD AVAILABILITY AND DIVERSITY OF FOOD CHOICES 

L E . Phillip1, I. Granderson2, W.A. Isaac2, T. Thompson-Colon1, A.S. Saint Ville1, G.M. 
Hickey1, S. Borucki1, Α. Hosein3, S. Laszlo1, Κ. Gray-Donald1, and C.A. Madramootoo1. 
1McGill University, Canada. 2University of West Indies, Trinidad and Tobago. 
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ABSTRACT: The overall goal of the "farm to fork CARICOM Project" is to improve the 
nutrition and health of primary school children. The project, which is multidisciplinary 
and being carried out in four countries in the region (Guyana, Trinidad and Tobago, St. 
Kitts and Nevis, and St. Lucia) makes a twofold intervention: agricultural technology 
interventions with farmers and nutrition knowledge interventions to improve the quality 
and diet diversity of meals for children in school feeding programmes. This "farm to fork" 
approach introduces methodologies that link applied agricultural and nutrition research 
to socio-economic surveys and focus group discussions with both with consumer 
household and farming communities to improve livelihoods. This innovative project 
addresses production constraints due to water scarcity, land degradation, bottlenecks in 
the food supply chain, and inefficiencies in post harvest farming practices. It also 
examines the level of consumption of vegetables and fruits as well as other factors that 
contribute to the rising prevalence of obesity and micronutrient deficiencies in the 
region. The results of the study are expected to lead to policy changes at the national 
and regional levels and to enhance CARICOM food and nutrition security in an 
environmentally sustainable manner. Human development through education and 
community sensitization programmes is a major pillar of the project. One major 
expected outcome of the project is a change in consumer behaviour towards the 
consumption of a more diversified diet of fruits and vegetables. Project results from 
baseline surveys indicate that food insecurity among farmer households ranges from 
1% in Guyana to 14% in St. Kitts. Sample of consumer households in St. Kitts reveals a 
20% level of food insecurity and a high prevalence (37%) of anemia (hemoglobin <11.5 
g/dL) among school children, though this was not associated with food insecurity. 
Results of the social capital mapping and social networks among farming communities 
in St. Lucia identified key barriers to knowledge flow and innovation among farmers. 
The implications emerging from this project for the region present platforms for 
improving food and nutrition security using the Farm to Fork model in CARICOM; 
seasonal limitations in production of vegetables and fruits, and meat from small 
ruminants, are being addressed by introduction of drip irrigation and "protected 
agriculture" technologies; and, for the first time in St. Kitts and Nevis, establishment and 
conservation (as silage) of drought tolerant forages, Sorghum and Mulato grasses to 
increase small ruminant productivity. 

Keywords: CARICOM, "Farm to Fork", Food Security, Nutrition. 
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MARKET INFORMATION DELIVERY: DETERMINATION OF THE MEDIA AND THE 
FREQUENCY PREFERRED BY CROP FARMERS IN TRINIDAD AND TOBAGO 

N. Felix, G. Seepersad, and A. iton. Department of Agricultural Economics and 
Extension, The University of the West Indies, St. Augustine, Trinidad and Tobago 

ABSTRACT: Agricultural Market information provides farmers with vital data which can 
improve their competitiveness, productivity and ultimately improve food and nutritional 
security in a country. Various worldwide agricultural market information systems provide 
a wide range of information to its users, but focuses on the delivery methods. Delivery 
methods increase in importance in Asian and Sub-African countries where many 
constraints exist, such as distance to market, access to mobile services and the 
availability of electricity. Although Trinidad and Tobago has an abundance of energy 
resources, information media and mobile networks, farmers could still be disadvantaged 
in the method used to disseminate market information. In addition, receiving market 
information at a frequency unsuitable to its users decreases the effectiveness of such 
information. Currently, domestic crop wholesale market prices are provided daily and 
monthly, via the internet and short message services (SMS), but the use among farmers 
have been shown to be approximately 44%. Therefore, this study sought to identify the 
media preferred by farmers and the frequency at which this information should be 
delivered. A structured questionnaire allowed the study to identify the preferred 
frequency and the media for the delivery of market information. The Chi-square model 
was also employed to identify if any significant relationships existed between the 
demographical characteristics of farmers, the media they preferred, and the frequency 
of delivery. The study found that print media was most preferred among crop farmers 
and information should be delivered on a daily basis. It should be noted that the media 
and frequency differed according to the type of information farmers required. The 
results of the study can guide policy makers in the development of a more effective 
market information system. 

Keywords: Media, Agricultural Market Information, Log linear, Frequency. 

Introduction 

The facilitation of market intelligence has been highlighted as one of the constraints of 
development in the CARICOM region by former President Bharrat Jagdeo of Guyana 
(Bulletin no. 8, 2007). Worldwide institutions provide market intelligence to enhance 
competition by removing information asymmetry or increasing transparency among 
stakeholders in the agricultural sector (Tollens, 2002). Information asymmetry refers to 
the imbalance of information in markets, where one group has superior knowledge over 
the other which leads to markets becoming inefficient (Borooah, 2012). The reduction in 
information asymmetry increases this transparency by providing equal knowledge to all 
stakeholders in the industry. 
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In Trinidad and Tobago, the National Marketing and Development Corporation 
(NAMDEVCO) has been providing agricultural market information to stakeholders. In 
1991, NAMDEVCO was created by an act of Parliament mandated to create, facilitate 
and maintain an environment for the marketing of agricultural produce (NAMDEVCO, 
2012). The National Market Information System Trinidad and Tobago (NAMISTT) which 
is web-enabled market information that comprises of a website and a data collection 
application (NAMDEVCO, 2012). Panel 1, shows the interface of the NAMISTT website, 
which displays daily market price information in addition to market price reports. 

Panel 1: Excerpt from NAMISTT home page. 

Source: www.namistt.com 

A case study on ICTs in Agricultural Extension in Trinidad and Tobago by Seepersad 
(2003) highlighted the market information which was collected initially: domestic 
wholesale prices, international wholesale prices, Barbados trade information, records of 
stakeholders in the industry, demographics within international markets, export trade 
data, the requirements for trade, and pesticides used by farmers. Seepersad (2003) 
showed that prices were provided daily via fax or email with a limited number being 
available on NAMDEVCO's website, while stakeholder contact information was provided 
on hard copy upon clients request. 

Although the study conducted by Seepersad showed the benefit of NAMISTT, a recent 
investigation completed by Iton et al., (2010) highlighted that approximately 44% of crop 
farmers used this system. The study suggested that NAMISTT should increase the 
frequency of disseminating of market information to increase farmer usage. However, it 
has been shown in various studies that the media used to disseminate market 
information is also significant in increasing its use by farmers. Therefore, this study 
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seeks to determine the media preferred by crop farmers and the frequency at which to 
deliver market information. 

Background 

The methods of information distribution used by NAMDEVCO included telephone, 
newspapers, newsletters, training sessions, and television (Seepersad, 2003). 
Seepersad (2003) identified the main clients who benefited from NAMDEVCO's service 
to be farmers, fishermen, processors, and investors. 

A progress report provided by the Caribbean Network for Integrated Rural Development 
(CNIRD) finding revealed that NAMISTT's website was being utilized by farmers and 
exporters. However, Iton et al., (2011) in an investigation of user perspective of 
NAMISTT found that less than 10% of farmers used the website to receive information, 
while print media was used by 58%. The website was mainly used by supermarkets 
while hotels, supermarkets and the general public used print media also. This study also 
revealed that farmers had three main sources of information: (i) Other farmers, (ii) Farm 
shops, and (iii) Market visits, ranking 1st, 2nd, and 3rd, respectively. Newspaper which 
falls in the category of print media, was ranked 5th, indicating that either farmers collect 
information other than market information or do not use NAMISTT as their main source. 

Ragbir and Avinash (2011), stated that NAMDEVCO currently continues to provide 
mainly price and volume market information on a range of commodities with the 
exception of livestock. This information is made available via bulletins mainly, while 
digital billboards are used for price information and advertisements. Daily and weekly 
modal, minimum and maximum prices are displayed on NAMDEVCO's website 
(NAMISTT). The company also broadcasts a weekly advertisement in newspapers to 
make consumers aware of the retail prices at municipal and supermarkets. Price 
information can also be accessed through an SMS service at a cost, while historical 
data on prices and volumes are being provided upon request. 

In a study of sub-Saharan Africa (SSA), Tollens (2006) identified that information 
asymmetry occurred especially among poor farmers in remote areas, who lacked the 
finance to purchase cell phones along and internet (Kizito, 2011). However, it was 
shown that the presence of cell phone networks influenced the reception of improved 
market information. In addition, the reduced cost of acquiring cell phones has allowed 
MIS agencies to reach more farmers through Short Message Services (SMS). This was 
supported by a study done by Aker (2009) in Niger, who also found that cell phones 
were a low cost and effective method of providing information which led to the reduction 
in the dispersion of grain prices. 

Shepherd (2011) have shown that MIS tends to focus attention on collecting large 
quantities of data but fails in the dissemination of information to farmers, resulting in an 
ineffective service. Market price and volumes change each day of trade and therefore 
must be collected at regular intervals to provide a correct representation of the market 
and also for accurate planning. Forecasts are used to plan production and inaccurate 
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current data can negatively impact forecasts. This indicates the importance of the 
delivery of current and updated information. 

Shepherd (2011) showed that prudence must be taken in the method of disseminating 
information to ensure that farmers would be able to access it and therefore use it. 
Literacy levels must be accessed to ensure that the cost of disseminating information is 
not lost, for example, sending price and volume data on print media when farmers are 
illiterate (Kizito, 2011). 

In the dissemination of Market Information, providers in Sub-Saharan Africa use mainly 
bulletins to reach farmers considering it as an efficient method to reach large masses 
and at a low cost; however, this has its limitations in the types of information presented 
in this form (Kizito, 2011). It has its advantage in areas where farmers can't afford 
modern ICT and electricity thus preventing information flow through radio and television 
programs. 

Chomba et al., (2002) has shown that farmers prefer to get information from extension 
officers in Zambia, since the high cost of radio discouraged small farmers from its use. 
Shepherd (2011) showed that farmers also used traders and other farmers as sources 
of market information, but these sources were shown to be inefficient. Farmers only 
remembered how much money they received but could not recall the price received per 
unit, while traders who visit the market daily can misinform farmers with lower prices 
than what currently exists, increasing their profits. 

Through radio programmes, farmers also receive market information. These 
programmes have been shown to be an effective method to reach farmers, since they 
can listen daily (Chomba et al., 2002). Information is also spread through television via 
one minute broadcast which include daily and weekly bulletins. Both these methods 
have the ability to reach a large number of farmers but are costly and only available at 
specific times of the day which can be a major determinant. 

Modern ICT was shown to be used more by private service providers while little use 
was found among public MIS (Kizito, 2011). Both market information system providers 
in Kenya and Malawi mostly rely on cell phones to pass on information to farmers. The 
range, speed and decreasing cost have increased cell phones popularity among 
providers as an efficient system for this purpose (Staaz et al., 2011). 

Materials and Methods 

Study Group: A total of 202 crop farmers were interviewed at farmers market located 
throughout the country during 2012. Crop farmers were selected because they 
represented the largest population (73%) of farmers in Trinidad and Tobago, shown by 
the 2004 Trinidad and Tobago Agricultural Census (GOTT, 2004). 

Convenience sampling was used, for ease of collecting statistical data (Convenience 
sampling, 2012). Convenience sampling is defined as a non-probability sampling 
technique through which respondents are selected due to their accessibility and 
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proximity to the researcher or enumerators. For this study, Farmers' Markets are 
defined as regulated places of trade were only farmers are allowed to sell their 
harvested crops. These are located only in Trinidad and such Tobago was excluded 
from the study. It is anticipated that this method will not bias the study because farmers 
from various locations in Trinidad visit these markets to sell a range of fruits and 
vegetables. 

Enumeration was conducted during the times when Farmer Markets were in operation. 
This was done for the ease of capturing as many farmers as possible. It should be 
noted that, some crop farmers who did not have produce to trade during the period the 
survey was conducted would not have been captured. 

A structured questionnaire was used for the study for respondents to identify the 
importance of Domestic Market Prices and Volumes, their frequency and their mediums 
preferred. Market information from which farmers were asked to select a preferred 
frequency and media were (i) Domestic Market Prices and (ii) domestic market 
volumes, since these are currently supplied by NAMDEVCO. 

This study provided five options for the importance of market information, seven options 
for the frequency of dissemination and four options for the type of media. These options 
are listed below: 

(v) Importance of Market Information:- Unimportant, Low, Moderate, Important and 
Very Important 

(vi)Frequency within a week:- 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, and 7 
days 

(vii) Choice of media:- Print/Paper, Wireless/ electronic devices, Person to Person 
and Modern ICT 

Likert scales: Likert scales use fixed choice response formats and are designed to 
measure attitudes or opinions McLeod 2008. These scales allowed respondents to 
indicate the importance of Domestic Market Prices and volumes, this ranged from being 
unimportant to very important. The five point scale was used in this study since Garland 
(1991) showed evidence that the exclusion of the midpoint value resulted in distortions 
in results. For each score on the Likert scale, a value is allocated which indicated its 
value to farmers, these values ranged from zero (0) to four (4), shown in table 1. 

Table 1: Likert Scale ranking used in the study 

Label (level of importance) Value used for 
Unimportant 0 

Low importance 1 
Moderate importance 2 

Important 3 
Very Important 4 
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Chi Square 

In this study, the choice for the frequency of information's delivery and medium can be 
specified to groups which share similar demographics such as age, and education level, 
therefore, the Cross Tab analysis in the Statistical Package for Social Sciences (SPSS) 
was used. This allowed the explanation of what type of relationship existed between the 
variables frequency of information delivery and medium preferred by farmers as well as 
the demographic variables. 

To test the significance of the relationships the Chi Square (X2) test was also used 
which allows for the examination of the differences between two groups. If the 
difference is found to be significant, the differences between the two populations are not 
due to chance. This significance would be shown if the p-value is less than or equal to 
5%. 

The Chi Square (X2) statistic was used to investigate whether distributions of categorical 
variables differ from one another within the model, by testing the difference between the 
actual sample and another hypothetical distribution. 

The X2 is shown below: 
X2 = Z[(o-e)2/e] 

Yi=i= ßo + ßiXi + ej 

Where, 

Y = dependant variable 
X = independent variables 
ο = observed values 
e = expected values 

Log linear Model 

In this study, the Log linear was used to identify the frequency at which farmers wanted 
to receive Domestic Market Prices and volumes with respect to its importance and the 
media used. The Log linear model originates from the elasticity (β2) of Y with respect to 
X in (1), which is the percentage change in Y given a small change in X. The Log linear 
model is expressed in model (2). 

LnYj= Inßi + ß2lnXj + Uj (1) 
LnYj = α + ß2lnXj + Uj (2) 

The approach to Log linear modelling was utilized since it allows for the interaction of 
more than two categorical variables and also the effects of the variables (Rosenfeld M. 
J. 2002, 1). This model is called the saturated model since it includes all effects from the 
categorical variables, shown in model 10. These categorical variables would be 
importance of information, preferred medium, and the frequency of dissemination. 
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Ln (Fjjk) = μ + ÄiA + AjB + Ak
c + ÄijAB +Aik

AC + Äjk
BC + Äijk

ABC + error....(3) 

Where, 
Ln (Fjjk) = the log of the expected cell frequency of the cases of cell ijk in the 
contingency table 
μ = the overall mean of the natural log of the expected frequencies 
Aa, AjB, and Ak

c= the main effects for variables A, B, and C 
A y A B , A i k

A C , A j k B C , and A y k A B C = the interaction effect for variables A, Β and C 
i, j, and k = categories within the variables 

The relationship between the three categorical variables ( A y k
A B C ) were analysed to 

identify their statistically significant combinations with the variables (i) ranking of 
information, (ii) media chosen, and (iii) the frequency of delivery. 

Strengths 

Likert Scale 
Bertram (2012) stated that the strengths of the Likert scale was a result of its simplicity 
in construction, reliability in the scale and ease of use among survey respondents. 

Chi-Square 
The chi square can be used with categorical data, to show if there is any difference 
between two or more groups to allow assumptions about the population (Plant and Soil 
Sciences eLibrary 2012). 

Log linear 
As it was stated by Rosenfeld (2002) the Log linear provided the addition of more 
variables and allowed for more control over the interaction of these variables. It can be 
extended to complicated contingency tables, such as, 3 χ 3 and 4 x 4 providing linear 
values which allow for more complex analyses (VassarStats, 2012). 

Results 

A total of 202 farmers were interviewed and the results showed 42.6% of the population 
were 36-50 years of age, 29.7% were over the age of 50, 14.9% were aged 26-35 
years, 11.4% were 19-25 and 1.5% were under 18 years. A total of 51% of the sample 
attended secondary schools, 27% reached the primary school level, and 19% with 
Tertiary level education whereas 3% did not attend school. With regards to the area of 
land cultivated 65% of the farmers cultivated 2-10 acres, while 22% had farms less than 
2 acres. The remaining 13% were large farmers cultivating more than 10 acres of land. 

The results from the Likert scale showed that farmers identified Domestic Market Prices 
and volumes to be important to their operations, but Domestic Market Prices received 
this rank by a larger population of farmers (Figures 1 & 2). 
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Figure 1: Rating of Domestic 
Market Prices 

32% 

15% 

51% 

• None • Low • Moderate • High • Very High 

Figure 2: Rating of Domestic 
Market Volumes 

31% 
18% 

48% 

ι None • Low • Moderate • High • Very High 

The results of the study showed that 26% of respondents choose to receive Domestic 
Market Prices once a week, while 25% choose seven days a week (Figure 3). In 
reference to domestic market volumes, 27% of farmers selected one day a week, which 
was followed by 25% who choose seven days a week (Figure 4). 

Figure 3: Frequency of Domestic 
Market Prices 

25% 
26% 

14% 

1 day • 2 days • 3 days • 4 days 

5 days • 6 days • 7 days 

Figure 4: Frequency of Domestic 
Market Volumes 

25%. 
27% 

. 16% 

1 day • 2 days • 3 days • 4 days 

5 days • 6 days • 7 days 

In the choice of media, 44% of the farmers choose paper for Domestic Market Prices 
followed by 29% opting for wireless/electronic devices (Figure 5). A total of 43% choose 
print media for domestic market volumes and 30% selected wireless/electronic devices 
(Figure 6). 

214 



Figure 5: Media Choice for 
receiving Domestic Market Prices 

Figure 6: Media Choice for 
receiving Domestic Market Volumes 

27% 44% 
27%, 

29%, 30%, 

• paper • wireless/electronic • modern ICT • paper • wireless/electronic • modern ICT 

Demographics and its Relation with the Frequency of Dissemination 

Area cultivated was shown to be significant by the chi-square with a p-value of 0.042 for 
only the choice among farmers for domestic market volume information. Farmers who 
cultivated less than 2 acres and between 6-10 acres preferred to receive this 
information once a week, while those who cultivated 2-5 acres selected 3 days a week. 
However, large farmers (>10 acres) wanted this information daily. 

Demographics and its Relation with the Choice of Media 

Using Cross tabs it was shown that the choice of media for Domestic Market Prices was 
related to the age (X2=29.568, ρ =0.003), and educational levels of farmers (X2=21.271, 
p=0.012). These factors were also related to the choice of media for domestic market 
volumes shown byX2=31.092, p=0.013for age, and X2=24.560, p=0.017 for educational 
level. 

In the choice of the media to receive Domestic Market Prices, paper was the main 
choice among the respondents aged 19-25 yr, and 50 yr and older, while farmers 
between the ages of 26 and 35 years of age preferred modern ICT. Farmers aged 36-
50 yr were also shown to be indecisive in one choice of media, since paper and wireless 
devices had equal choices within this age group. Farmers who attained a secondary 
level preferred paper while primary educated farmers choose wireless/ electronic 
devices. Farmers who attained a tertiary education were shown to either prefer paper or 
modern ICT. 

Farmers aged 36-50 yr choose wireless devices to receive domestic market volume 
information, while paper was selected by those between the ages of 19-25 yr and 50 yr 
and over. To receive volume information, primary educated farmers choose wireless 
devices, while those who attained a secondary education preferred paper. Tertiary 
educated farmers showed an equal majority choice for both paper and modern ICT in 
receiving this information. 
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Frequency of Market Information by a Preferred Media 

There were only significant 3 x 3 relationships among the importance of Domestic 
Market Prices, the method preferred for its delivery and the frequency at which this 
information should be delivered. It was shown that for daily delivery of Domestic Market 
Prices modern ICT was preferred by farmers, while print media was selected for the 
dissemination of this information at a frequency of three (3) days a week (exp (A) = 
0.07). This meant that most of the crop farmers who ranked as being "important", did 
not prefer to receive this information through those media and at the afore mentioned 
frequencies. 

Conclusion 

The results indicate that NAMIS current focus on daily dissemination of price 
information using modern ICT was not the best method of serving the needs few crop 
internet. Given the low odds ratio of 0.07 meant that this relationship only existed 
among the minority of the sample. Print media was shown to be the main choice by crop 
farmers with this information being delivered daily. 

The study revealed that domestic volume data which is currently disseminated once 
monthly is not meeting the needs of the crop farmers, since they preferred this 
information daily and on print media. These choices were in relation to their ages, and 
educational levels, while a relationship was shown between the frequency for 
information dissemination and the farmers' cultivated acreage. 

It is recommended that NAMISTT use the results of this study to improve their service to 
crop farmers. In addition, the delivery of information and the media used can be 
customized by farmers' age and cultivated area/ farm size further supplying their needs. 
It is also recommended that other CARICOM member states employ the methodology 
of this study in the operation and formation of their Agricultural Market Information 
Systems. 
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Appendix 

Frequency preferred for the collection Domestic Market Prices by farmers 

Days per week Percent 
1 day 0.26 
2 days 0.14 
3 days 0.21 
4 days 0.05 
5 days 0.04 
6 days 0.03 
7 days 0.25 
Total 1.00 

Frequency preferred for the collection Domestic Market Volumes by farmers 

Percent 
1 day 0.27 
2 days 0.16 
3 days 0.19 
4 days 0.06 
5 days 0.04 
6 days 0.03 
7 days 0.25 
Total 1.00 

Media preferred for Domestic Market Prices by farmers 
Percent 

Paper 43.75 
wireless/electronic 29.46 
modern ICT 26.78 
Total 100.0 

Media preferred for Domestic Market Volumes by farmers 
Percent 

Paper 23.8 
wireless/electronic 16.3 
modern ICT 14.9 
Total 100.0 

219 



Relationship between Age of farmers and Media preference for Domestic Market 
Prices 

age 
19- 26- 36-

Media <18yrs 25yrs 35yrs 50yrs >50 Total 
Paper 1 9 5 20 14 49 
wireless/electronic 1 1 6 20 5 33 
modern ICT 0 7 9 10 4 30 
N/A 1 6 10 36 37 90 
Total 3 23 30 86 60 202 

Value df 
Asymp. Sig. (2-

sided) 
Pearson Chi-
Square 29.568 12 .003 

Relationship between Educational level of farmers and Media preference for 
Domestic Market Prices 

Education level 
never attended 

primary secondary tertiary school Total 
Paper 10 28 11 0 49 
wireless/electronic 11 18 4 0 33 
modern ICT 2 17 11 0 30 
N/A 32 41 13 4 90 
Total 55 104 39 4 202 

Value df Asymp. Sig. (2-sided) 
Pearson Chi-
Square 21.271 9 .012 

Relationship between Age of farmers and Media preference for Domestic Market 
Volumes 

age 
Total <18 yr 19-25yr 26-35yr 36-50yr >50 Total 

Paper 1 9 5 19 14 48 
wireless/electronic 1 1 6 20 5 33 
modern ICT 0 7 9 10 4 30 
N/A 1 6 10 38 37 90 
Total 3 23 30 86 60 202 

Value Df Asymp. Sig. (2-sided) 
Pearson Chi-
Square 31.092 16 .013 
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Relationship between Educational level of farmers and Media preference for 
Domestic Market Volumes 

Education level 

primary Secondary tertiary 

never 
attended 
school Total 

Paper 9 28 11 0 48 
wireless/electronic 11 18 4 0 33 
modern ICT 2 17 11 0 30 
N/A 33 41 13 4 90 
Total 55 104 39 4 202 

Value df Asymp. Sig. (2-sided) 
Pearson Chi-
Square 24.560 12 .017 

Relationship between acreage under cultivation by farmers and Media preference 
for Domestic Market Volumes 

<2 acres 2-5 acres 6-10 acres >10 acres Total 
1 day 9 6 13 2 30 
2 days 2 7 8 1 18 
3 days 1 11 7 2 21 
4 days 1 5 1 0 7 
5 days 0 0 3 2 5 
6 days 0 1 2 0 3 
7 days 5 9 7 7 28 
N/A 26 27 24 13 90 

44 66 65 27 202 

Value df Asymp. Sig. (2-sided) 
Pearson Chi-
Square 33.388 21 0.042 

Table A2. Frequency for the collection market information 

Rank Market Information Timing Medium Λ exp (Λ) p-value 
High Domestic market prices Daily Modern ICT -2.622 0.07 <1% 
High Domestic market prices Three days Print media -2.622 0.07 <1% 
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THE STATE OF AGRICULTURAL EXTENSION IN SELECTED CARIBBEAN 
COUNTRIES 

D. Dolly. Department of Agricultural Economics and Extension, University of the West 
Indies, Trinidad and Tobago 

ABSTRACT: The study will highlight a selected sample of extension staff and clients 
from several Caribbean countries. A survey will interrogate a range of issues which 
currently exist within respective Extension services under the following categories: 
Personnel availability, Personnel support, Client satisfaction, External impacts from 
climate changes and globalization, Monitoring and Evaluation. Heads of Extension 
services in nine Caribbean countries highlighted these concerns at a recent meeting. A 
timely understanding of these issues can help sustain Extension services to continue a 
contribution to food security, nutrition security and agricultural livelihoods. Recently in 
the Caribbean and elsewhere, there are many challenges to the role and function of 
Agricultural Extension to a severe extent. The Nairobi Declaration on Agricultural 
Extension and advisory services (2013) now calls on practitioners and other 
stakeholders to develop clear policies in a participatory manner, advocate for increased 
funding, promote capacity building, use ICTs more readily, pay attention to monitoring, 
assess impacts and conduct research to facilitate learning, accountability, efficiency and 
empowerment. The Global Forum for Rural Advisory Services (GFRAS) now advocates 
a new Extensionist (2012) which seeks to build capacities at the level of individual, 
organisation and enabling environment. This approach further suggests actions for the 
national, regional and global level. The paper's analysis will test the results of its 
investigation against the Nairobi declaration and the new Extensionist ideals. 

Keywords: Agricultural Extension. 
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BREVARD COUNTY YOUTH MARKET POULTRY PROJECT 

V.S. Spero-Swingle and J. Walter. Institute of Food and Agricultural Sciences, 
University of Florida, United States of America 

ABSTRACT: The animal industry has played an important role in Brevard County, 
Florida. In recent years, Brevard County has experienced a shift in demographics from 
a rural community to a more urbanized community. Large animal species, such as 
cattle, have begun to give way to smaller, more affordable and less resource intense 
species, such as poultry. Renewed interest in small farms and new ordinances 
governing zoning of backyard poultry created an opportunity for the expansion of the 
youth poultry program. Animal projects teach youth responsibility, record keeping, 
accounting, accountability, time management, commitment, critical thinking, public 
speaking, writing, citizenship, respect, cooperation, marketing, and goal-setting skills. 
According to Rusk et al (2003), 4-H members who participate in 4-H livestock projects 
"were able to accomplish project skills in the areas of sportsmanship, safety, animal 
grooming, and animal selection." Members also cited using the "responsibility skills 
they developed from raising 4-H animal projects to complete homework assignments, 
be on time at work, and care for younger siblings." In 2010, Brevard County Extension 
introduced the Brevard County Fair Market Poultry Project. Youth have the ability to 
replicate real world small agricultural projects through raising, managing, marketing, and 
selling layer pullets at auction during the local fair. The program expanded to include 26 
members in its third year, up from seven in 2010. In order to meet the demands of the 
urbanized underserved youth population and with the financial support from the 
community, a cooperative coop was constructed at the Extension Office. Initially 
housing 12 birds the first year, the coop expanded to hold 100 birds in its second year. 
Through donated resources, funding, and volunteer hours, the coop has become a 
success; it is an attraction and a highlight in recruiting new 4-H members in several 
small animal projects. 

Keywords: 4-H, Poultry Project. 
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ENGAGING YOUTH IN HORTICULTURE THROUGH SUMMER CAMP 

N. Samuel. Institute of Food and Agricultural Sciences, University of Florida, United 
States of America 

ABSTRACT: Youth, especially those in urban areas are becoming disinterested in 
agriculture and related fields. A career in agriculture is often viewed as hard labor with 
minimal financial returns. Providing youth with experiences in agriculture at an early 
age is a means of generating interest in the field. The objectives of the horticulture 
summer camp were to: develop life skills in youth through fun and engaging horticulture 
activities; help youths develop a positive perception of horticulture; and increase their 
awareness of career options in the field. The one-week all day camp was conducted by 
the agent and a group of Master Gardener volunteers. The youths participated in 
activities in the areas of Plant Growth and Development, Soils and Water; Fruits and 
Nuts; Vegetable Gardening; Herbs; Landscape Horticulture; Insects and Diseases; and 
Career Exploration. A series of indoor and outdoor activities were utilized - classroom 
talks, field trips, cooking, debates, experiments, arts (music and crafts), writing, and 
team building activities. Pre and post-tests to evaluate knowledge gain were 
administered using Turning Point technology. Twenty-one (100%) youth ages 8 - 1 4 
enrolled and successfully completed the requirements of the summer camp by obtaining 
a passing score of 70% or higher on the post-test. The post test revealed that 100% 
increased their knowledge by 90% or more in all areas. One camper summed up her 
camping experience as: "Awesome! I have enjoyed it so much. I have learned a lot. I 
will teach it to others so that they can learn. They will learn a lot from me. I will help my 
Mom garden. Go to college and learn more". The knowledge and skills imparted to 
these youths will be valuable to them throughout their lives. 

Keywords: Youth, Horticulture. 
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EXAMINING YOUTH EMPOWERMENT IN THE AGRICULTURAL SECTOR 

K. Bascombe. Department of Agricultural Economics and Extension, University of 
the West Indies, Trinidad and Tobago 

ABSTRACT: Empowerment refers to high levels of wellbeing, social development, 
educational status, gender equality, resource endowment and monetary strength of 
individuals, groups and communities. In the global agriculture diaspora, measuring 
empowerment is sought after in rural or at risk communities which depend on 
agriculture for their livelihoods. Emphasis is placed particularly on women as 
exemplified by the Women's Empowerment in Agriculture Index. Youth 
empowerment differs in that it is "an attitudinal, structural, and cultural process whereby 
young people gain the ability, authority, and agency to make decisions and implement 
change in their own lives and the lives of other people, including youth and adults." The 
purpose of this study is to use a positioning matrix approach to examine the level of 
empowerment for youths involved in agriculture. The study focuses on Caribbean and 
international based agri-youth. It is important to understand how youth are empowered 
in the agricultural field as they are needed to ensure the progress and overall 
development of the sector. The Positioning matrix is based on two dimensions; needs 
which refer to the basic individual requirements that agri-youth seek and Empowerment 
which centres on factors that assist in the process that allows youth to improve their 
wellbeing. As a result, the matrix includes four different positions. The study then 
illustrates the perceptions of youth as it relates to their agricultural activity or roles which 
then define their position. Preliminary results have defined the four positions as A: 
Agricultural Student, B: Young Professional in Agriculture, C: Youth interested in 
Agriculture and D: Youth Actively involved in Agriculture. Further data collection and 
analysis is necessary to illustrate key findings as to the specific factors which contribute 
to a positive position and high levels of empowerment. 

Keywords: Agri-Youth, Positioning Matrix, Empowerment. 
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INCREASING ACTIVE YOUTH INVOLVEMENT IN THE AGRICULTURAL SECTOR 
IN SURINAME 

J. Jagernath, J. Moerahoe, and L. Ori. Department Agricultural Production, Faculty of 
Technology, University of Suriname, Suriname 

ABSTRACT: The current level of agricultural production in Suriname is relatively low 
due to a number of problems in the sector including inadequate: infrastructure; know-
how, extension efforts; research facilities; low seed quality, shortage of rice seeds for 
production, and insufficient funds to strengthen the agricultural sector. Youth in 
Suriname consist of a significant part of the population and are in general poor and 
unemployed. They represent a large resource of untapped labor resources needed to 
boost agricultural production, enhance food security and create better quality of life for 
the people in Suriname. Unfortunately youth shy away from agriculture and/or are 
reluctant to engage in farming. The objective of this study is to identify the constraints 
and issues that are prohibiting large numbers of youth involvement in agriculture, and to 
identify strategies to encourage an enabling environment to ensure large involvement of 
youth in agricultural development in Suriname. Findings of this study include 
identification of strategies which include: (1) Supporting the national youth policy and 
agenda; (2) Development of a youth in agriculture program in which provisions are 
made for sensitization of opportunities in the sector, training, and enhanced access to 
inputs, credits, land, and technologies, (3) Facilitating and supporting the private sector 
to establish agro-industries in rural areas which will provide support numbers or 
tentative employment for youth; (4) Enable young people to perform in revitalization of 
value chain in the food and agricultural sector. 

Keywords: Youth, Agricultural Production, Agricultural Development. 
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THE KNOWLEDGE AND PERCEPTION OF AGRICULTURE AND AGRICULTURAL 
CAREERS AMONG URBAN YOUTHS: A CASE STUDY WITH THE STUDENTS OF 
THE TUNAPUNA GOVERNMENT PRIMARY SCHOOL 

D. M. Renn-Moonsammy and S. Moonsammy. Department of Agricultural Economics 
and Extension, University of the West Indies St. Augustine, Trinidad and Tobago 

ABSTRACT: Research has shown that the public's image of agriculture is a 
kaleidoscope of leftover attitudes and images of what agriculture was sixty years ago. 
Generally, the perception of society consists of limited ideas of the nature, scale, 
viability and economic importance of agriculture. Primarily, the continuous movement of 
agriculture misconceptions from one generation to another that often discourages 
individuals from pursuing agriculture as a career choice. In Trinidad and Tobago, it is 
speculated that parents discourage their children to pursue a career in agriculture 
because the ideology of a farmer for them does not signify success within the social 
stratification of society. In order for development to occur in the agriculture sector, 
young people need to fill the technical and non-technical roles in the sector. The most 
accepted perception among youths about a career in agriculture is that it is not as 
prestigious or lucrative as compared to professions in the medical, legal and energy 
fields. Generally youths that are interested in a career in agriculture either have a rich 
family history in agriculture or reside in a rural community. Rural youths have shown to 
be more knowledgeable about agriculture and agriculture careers compared to their 
urban counterparts because of the difference in the level of interaction with agriculture 
professionals. The students of urban schools in Trinidad and Tobago such as Tunapuna 
Government Primary School, still exhibit common misconceptions of a career in 
agriculture. A survey was conducted with the students and staff of the Tunapuna 
Government Primary School in order to assess their knowledge and perception of 
agriculture and agriculture careers. The responses were compared using analysis of 
variance to determine any differences in the knowledge and perception between the 
students and staff. The results showed significant differences between the responses of 
the students and staff of the Tunapuna Government Primary School. It was 
recommended that more emphasis should be placed on agriculture programmes in 
inner city schools to motivate the students towards pursuing a career in agriculture. This 
study was conducted as a preliminary study to assess whether agriculture programmes 
can be used as a social development tool for the students. 

Keywords: Agriculture careers, knowledge, perception, Tunapuna, urban, youths. 

Introduction 

According to Coon and Cantrell (1985, 22-23), "most of society is 'agriculturally ignorant' 
and that the public's image of agriculture is a kaleidoscope of leftover attitudes and 
images of what agriculture was in the 40's, 50's and 60's." Based on the view point of 
Coon and Cantrell (1985, 22-23), a stagnated perception for agriculture generates a 
barrage of implications. Primarily, the continuous movement of agriculture 
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misconceptions from one generation to another discourages individuals from pursuing 
agriculture as a career choice (Super and Overstreet 1960). A common misconception 
is that a career in agriculture is only considered to be labor intensive farming. In 
Trinidad and Tobago youth involvement in agriculture has been constrained for two 
specific reasons. Firstly, parents discourage their children to pursue a career in 
agriculture because the ideology of a farmer for them does not signify success within 
the social stratification of society (Barath pers. comm.). The second situation occurs 
when farmers themselves are not observing their own worth and discouraging their 
children from pursuing a career in agriculture because of the belief that their children 
deserve better than toiling on the farm lands (Rawlins pers. comm.). These common 
misconceptions often give a sense of belittlement when young people think about 
pursuing a career in agriculture. 

The most accepted perception among youths about a career in agriculture is that it is 
not as prestigious or lucrative as compared to professions in the medical, legal and 
energy fields (White, Stewart, and Lindhart 1991, 33). Young individuals have to 
overcome the barriers concerning the career status for them to be properly motivated in 
a career choice (Super and Bohn 1970). Generally youths that are interested in a career 
in agriculture either have a rich family history in agriculture or reside in a rural 
community. Rural youths have shown to be more knowledgeable about agriculture 
compared to their urban counterparts because of the difference in the level of 
interaction with agriculture professionals (Frick et al. 1995, 1-3). Conversely urban 
youths still maintain the common misconceptions about a career in agriculture because 
of the limited level of interaction with agricultural professionals as highlighted by Frick et 
al. (1995, 1-3). Furthermore, access to relevant information pertaining to a career in 
agriculture is constricted by a combination of the mass media sources for which urban 
youths depend on to ascertain information and generally the lack of interest by urban 
youths to seek such information on their own accord. 

Agriculture has encountered declining involvement and enrollment at all educational 
levels (White, Stewart and Lindhart 1991, 30-33). For any purposed movement towards 
agriculture development, more emphasis should be placed on linking and recruiting 
students especially at the primary school level (Super and Overstreet 1960). The 
Ministry of Education for Trinidad and Tobago has considered the re - introduction of 
Agricultural Sciences as a part of the primary school curriculum (Barath pers. comm.). 
These measures are incremental changes towards infusing the younger generation into 
the agriculture field but, the proper motivation and an enabling environment is needed to 
support the appropriate agriculture succession strategies (Rawlins pers.comm.). 

Research conducted by Frick (1991), has shown that students and staff in urban based 
schools tend to display more misconceptions about a career in agriculture compared to 
the rural based schools. Therefore, urban schools in Trinidad and Tobago such as 
Tunapuna Government Primary School will still exhibit common misconceptions of a 
career in agriculture by the students and staff. The Tunapuna Government Primary 
Schools will have these perceptions because the students and staff of the school mostly 
reside in the surrounding urban environments. In addition to these observations, little 
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information is available concerning the perceptions of an agricultural career by the 
students and staff of the Tunapuna Government Primary School. It is expected that the 
students and staff of the school either do not seek the pertinent information concerning 
a viable career in agriculture or they are not exposed to such information given the 
communication mechanisms for which they access information. Research has shown 
that information affects knowledge level and knowledge affects perception for 
agriculture (Frick et al. 1995, 1-3). As a result, due to the limited access and lack of 
interest to pertinent information on agriculture, the overall knowledge about the 
importance of agriculture of the students and staff of the Tunapuna Government 
Primary School will cause them to have a negative perception towards a career in 
agriculture. 

The premise presented by Frick et al. (1995, 1-3) provides the basis for this project as 
the assumptions made about urban youths and their perception of a career in 
agriculture is determined for a school located in an urban setting. Therefore, this study 
presents a case study for the Tunapuna Government Primary School. Highlighting the 
perception of an urban based school given their constraints to information about 
agriculture and agricultural careers, is essential because these students will be the ones 
to fill the roles of technically skilled labourers and reshape the ideologies of the present 
agriculture systems. The assessment will be conducted to both the students and staff 
despite the emphasis on youth perception. The reason for this is because the staff has 
some measure of influence over the type of information that the students receive. 
Therefore, if the staff has a positive perception about agriculture careers then they can 
pass this positive attitude on to the students. 

The Tunapuna Government Primary School is situated east of St. Augustine and west 
of Arouca, and can be accessed by the Eastern Main Road, El Dorado and Pasea 
Village (formerly Streatham Lodge). It is located exactly at # 1 Pasea Main Road, 
Tunapuna, St. George East; it is next to the Tunapuna Police Station, adjacent to the 
Tunapuna Fire Service Station and approximately half a kilometer from the Tunapuna 
Municipal Market (Wikimapia 2012). The Tunapuna Government Primary School was 
established in the year 1879 [Ministry of Education (MOE) 2012], It was rebuilt in 1898 
after it was destroyed by fire and again in 2011 as a means of refurbishing a dilapidated 
school; it has 133 years of rich history behind it. The school holds a capacity of 240 
students and approximately 20 members of staff. The Tunapuna Government Primary 
School is a non-denominational school; it contains a variety of religious sects including 
Roman Catholics, Hindus, Muslims and Seven Day Adventists etc. The school has a 
combination of various ethnicities; East Indians, Africans, Mixed races; cultures and 
domestic backgrounds (Fortune, pers. comm.). These factors add to the unique but 
fairly common culture of students at an urbanely based government run institution in 
Trinidad and Tobago. 

The Ministry of Education Student Support Services indicated that the Tunapuna 
Government Primary School has many students that come from broken homes and 
have domestic issues. These issues interfere with their behavior and performance at 
school. Some of the issues highlighted were verbal, physical and sexual abuse; 
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abandonment, and neglect. The students with their everyday life concerns create 
challenges for the teachers in the school who try to convert the behaviors and 
perceptions of students (Boynes, pers. comm.). 

This school was chosen primarily for the study for two reasons. Firstly, agricultural 
science is a part of the school's curriculum, and due to lack of training in the subject 
field by teachers at the institution, it is not taught. Secondly, the school was to be an 
avenue for promoting agriculture through the 4H movement, however the venture did 
not go beyond its' blueprint. The idea of introducing the 4H movement to the students 
and staff of the Tunapuna Government Primary School was to help transform the 
behavior and performance of the students in the school thereby creating a better 
individual and further more a better school environment (Fortune, pers. comm.). 

METHODOLOGY 

The study outlined was developed to determine the perception towards agriculture 
careers by students and staff of an urban school. The study was conducted at the 
Tunapuna Government Primary School since the school was identified as a suitable 
location for conducting the research. The study primarily used qualitative data. In 
ascertaining the required qualitative data, a questionnaire using a Likert scale 
instrument was adopted. 

The study required primary data only. The primary data was obtained using 
questionnaires designed for both the students and staff of the Tunapuna Government 
Primary School. In order to conduct the study, a total of 40 students and 21 staff 
members were interviewed on the 14th and 15th of November 2012. A total of 61 surveys 
were collected from a possible population size of 240. The sample represented 
approximately 30% of the entire population at the school. 

The sampling approach used in this study comprised a combination of purposive and 
diversity sampling. The intention was to study the Tunapuna Government Primary 
School as the particular group of interest as well as to specifically highlight a 
comparison between subgroups and potential conflicts among variables. A stratified 
random sample was conducted with the students from Standard 2 to Standard 5. These 
classes were selected because the students were age appropriate to objectively 
complete the questionnaire. Ten students consisting of five boys and five girls were 
randomly selected from each standard and were taken to a private classroom to 
conduct the survey in order to avoid disruption from their fellow classmates. The entire 
staff population was surveyed since it was feasible to conduct it given the small staff 
population. 

The Likert Scale used allowed respondents to indicate their level of agreement with 
statements expressed as agreeable or disagreeable that reflected their knowledge and 
perception towards agriculture and agriculture careers. The response to each 
questionnaire item that was not numerical in nature was represented by numbers (1 to 
4) on the Likert Scale, ranging from strongly agree to strongly disagree respectively. In 
analyzing the data compiled, the independent and paired t - test, and regression 
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analysis were used. These analytical methods were adopted to make comparisons 
between different derived averages. Such as, a comparison of means between the 
students and staff knowledge and perception findings; and a comparison between the 
types of information accessed by the sample and the knowledge and perception 
findings of the sample. The regression analysis was also used to compliment the paired 
t - test by in determining the direction of the qualitative relationship between the test 
variables. 

Results 

The study wanted to determine the relationship between the knowledge and 
understanding of agriculture and the importance of agriculture to development and food 
security and the perceptions towards a career in agriculture among the students and 
staff of the Tunapuna Government Primary School. An analysis on the basic knowledge 
of agricultural importance to food security and national development was conducted 
using the Independent T- test. This was done to determine whether there was difference 
in the basic knowledge of agriculture importance between the students and staff (Table 
1). It was proposed that there will be a significant difference of the knowledge on the 
importance of agriculture to food security and national development between the 
students and staff of the Tunapuna Government Primary School. 

Table 1. Independent T-test on Knowledge of Agriculture between Students and 
Staff 

Variables Ν MEAN F Ρ (Sig) 
KNOWLEDGE 

Importance to development Ν MEAN F Ρ (Sig) 
Staff 21 3.475 6.343 .015 
Students 40 3.761 
Importance to food security Ν MEAN F Ρ (Sig) 
Staff 21 3.428 8.555 .005 
Students 40 3.775 
Led to current development Ν MEAN F Ρ (Sig) 
Staff 21 3.048 7.861 .007 
Students 40 2.625 

An analysis on the perceptions of agricultural careers was also conducted using the 
Independent T- test. This was done to determine whether there was difference in the 
perceptions of agricultural careers between the students and staff (Table 2). It was 
proposed that there is significant difference in the perception of a career in agriculture 
between the students and staff of Tunapuna Government Primary School. 
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Table 2. Independent T- test on Perceptions of Agricultural Careers between 
Students and Staff. 

Variables Ν MEAN MEAN DIFF CORR 
Overall Knowledge 61 12.869 2.573 .505 
Overall Perception 61 10.295 

2.573 .505 

REGRESSION RELATIONSHIP 
Variables Ν Constant Coefficient Ρ 

(Sig) 
Dependent - Perception 61 4.190 .474 .000 
Independent - Knowledge 

61 4.190 .474 .000 

Table 3. Paired T-test and Regression relationship between the Knowledge and 
Perception of the Students and Staff. 

Variables Ν I MEAN I F I P (Sig) 
Ρ ERCEPTION 

Interest in agricultural careers Ν MEAN F P (Sig) 
Staff 21 2.333 4.804 .032 
Students 40 2.300 

4.804 .032 

Only farming in agriculture Ν MEAN F Ρ (Sig) 
Staff 21 2.000 4.391 .040 
Students 40 1.750 

4.391 .040 

Agricultural career is 
prestigious 

Ν MEAN F Ρ (Sig) 

Staff 21 2.857 4.982 .029 
Students 40 2.550 

4.982 .029 

An analysis on the relationship between the basic knowledge on agriculture importance 
and the perceptions of agricultural careers was conducted using the Paired T-test. A 
Regression analysis was also conducted, where perception was dependent on 
knowledge; in order to determine the positive or negative relationship between the two 
variables (Table 3). It was proposed that there is a significant difference between the 
knowledge of the students and staff of the Tunapuna Government Primary School on 
the importance of agriculture to food security and national development and their 
perception towards a career in agriculture. 

Discussion 

The knowledge of the students and staff of the Tunapuna Government Primary School 
on the importance of agriculture to national development and food security was used to 
emphasize that the participants understood that agriculture is important to the overall 
enhancement of Trinidad and Tobago. The knowledge of the sample was assessed 
using three parameters. Knowledge was assessed based on the participants' level of 
agreement to statements concerning the contribution agriculture makes to national 
development, food security and the historical significance of agriculture in positioning 
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the economy of Trinidad and Tobago. The knowledge assessment was conducted to 
determine whether there was a difference between the students and staff. The reason 
for identifying whether there was any significant difference between the students and 
staff was to show that there is a disparity in knowledge on the importance of agriculture 
that is not being transmitted especially from teachers to students. 

Analyzing the knowledge of the students and staff of the sample population towards the 
three knowledge parameters, the data showed that there were differences between the 
students and staff at 5% significance. When it came to the level of agreement that 
agriculture is important to national development and the historical significance of 
agriculture to current economic development in Trinidad and Tobago the staff showed a 
higher percentage of agreement compared to the students. When it came to the level of 
agreement that agriculture is important to food security in Trinidad and Tobago, the 
students showed a higher percentage of agreement compared to the staff. 

The perception of the students and staff of the Tunapuna Government Primary School 
on agriculture careers was determined in order to understand the factors that hamper 
the pursuit of agriculture careers in a conventional urban based primary school Trinidad 
and Tobago. The perception of an agriculture career was assessed using three 
parameters of the overall hypothesis. Perception was assessed based on the 
participants' level of agreement to statements concerning their expressed interest in 
pursuing an agriculture career, their view point that agriculture is not only about farming 
and that agriculture is a prestigious career. The perception assessment was conducted 
to determine whether there was a difference between the students and staff. The 
reason for identifying whether there was any significant difference between the students 
and staff was to show that there is a disparity in the perception of an agriculture career 
and the perceptions are not passed on from the teachers to students. 

Analyzing the perception of the students and staff of the sample population towards the 
three perception parameters, the data showed that there were differences between the 
students and staff at 5% significance. When it came to the level of agreement in 
pursuing a career in agriculture, the viewpoint that agriculture is more than farming and 
that a career in agriculture is prestigious, the staff showed a higher percentage of 
agreement compared to the students. 

The intent of this section was to determine if there was any significant difference 
between the overall knowledge content and the overall perception obtained in the 
surveys conducted. Based on a mean difference of 2.573, it can be noted that there is 
difference between the overall knowledge and the overall perception. Despite the 
differences in means between the overall knowledge and the overall perception of the 
sample population, further analysis revealed a relationship between the two variables. A 
regression analysis was conducted where perception is dependent on knowledge. With 
a 5% significance level, the regression analysis showed a positive relationship between 
knowledge and perception. This is a clear indication that knowledge can positively affect 
perception. 
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Conclusion 

The conclusion is that practical implications for agriculture would arise and researchers 
should further their study in the issue of agricultural literacy. This research provides 
indications of a call for further education of the general public regarding the agricultural 
industry which plays a major role in sustaining human life. From the review of the 
literature and discussion with personnel in the field, it is apparent that the study 
conducted compliments the literature review. The review of literature highlighted that the 
participants were very keen on the importance of agriculture as an industry and they 
believed that the industry should be retained. However, they had limited ideas of the 
agricultural nature, scale, viability and regional economic importance. 

The general objective of the study was met with significant results clearly supporting the 
stated objective and referenced literature. Based on the literature and the corresponding 
study results, there is a correlation between the knowledge on the importance of 
agriculture to development and food security and the perception of a career in 
agriculture among the study population. The results generated from the survey indicated 
that the staff had a higher awareness of the importance of agriculture to national 
development. The students showed higher awareness on the importance of agriculture 
to food security. The results also showed that the students' perception of agriculture as 
a career is lower than that of the staff. In conclusion, there is a disparity in the 
knowledge and perception about agriculture and agriculture careers between the 
students and staff at the Tunapuna Government Primary School. 

The results generated from the study indicated that there is a relationship between 
knowledge and perception. In conclusion, the 5% significance level of the relationship 
between the knowledge obtained and the perception attained by students and staff at 
the Tunapuna Government Primary School was relevant. The differences in knowledge 
and perception between the student and staff shows that the information is not being 
shared or transmitted effectively within the school population. Despite the differences in 
knowledge and perception between the student and staff, a positive relationship 
between knowledge and perception exists for the school population. Therefore, with 
increased information on agriculture, there will be an increase in the overall knowledge 
and subsequent positive increase in the perception of the school population towards 
agriculture and agriculture careers. 

Recommendation 

Understanding that knowledge affects perception based on the references and results is 
critical in developing positive perceptions towards agriculture in the Tunapuna 
Government Primary School. Based on the results generated in the information 
dissemination and knowledge sections, it can be stated that agricultural professionals 
need to take a more proactive role in ensuring that agriculture information is 
disseminated effectively. Tunapuna Government Primary School should facilitate more 
interactions between agricultural professionals and the students and staff. This will 
enhance the overall knowledge on agricultural issues and positively develop the 
perception of agriculture and agricultural careers among the population of the school. 
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The students' indicated that they received their information inclusive of agricultural 
issues, primarily from their teachers. This suggests that the teachers of the Tunapuna 
Government Primary School play a crucial role in disseminating information on 
agriculture and agricultural careers to the students. As such, the teachers are 
incremental in helping to shape the perception of their students based on the 
information they provide. Since the school has agriculture science as a part of the 
school curriculum then the teachers need additional training to develop their overall 
knowledge on agriculture issues. Through additional training, the teachers will be 
equipped sufficiently to effectively enhance the knowledge of the students on agriculture 
issues. 

Finally the overall knowledge and perceptions towards agriculture among the entire 
school population has to be developed. The best approach identified is the adoption of 
practical learning. Developing practical learning programmes in the school such as the 
4H club will complement the formal and informal learning experiences for the entire 
school. The 4H programme can stimulate interest in agriculture among the school 
population while enhancing the knowledge and perceptions of agriculture. A 4H 
programme will also allow an avenue for the Tunapuna Government Primary School to 
network with several other schools and groups that share a common interest in learning 
the importance of agriculture. 
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ABSTRACT: There have been numerous claims that the negative perception of 
agriculture among secondary school students may be related to the students' lack of 
knowledge of the importance of agriculture and the lack of awareness of the range of 
career opportunities within this sector. The purpose of this study was to determine the 
knowledge and perception of secondary school students toward agriculture and to 
determine the influence of an agricultural promotion programme to broaden students' 
perception. In order to achieve this, a pre-test was administered among 3rd Form 
students in four randomly selected Secondary schools (n=100) in Trinidad and Tobago, 
to garner a sense of their knowledge and perception of agriculture, followed by an 
intervention which sought to inform them of the "New agriculture" and the various career 
paths in agriculture. A post-survey was done to determine changes in their perception of 
agriculture. Results show that the majority of students agreed that agriculture was very 
important but did not agree to make it a career choice. However, significant differences 
in perceived knowledge levels were found between the pre- and post- survey results; 
students perceived that most farmers are men and that farmers in Trinidad and Tobago 
make a lot of money. The authors suggest that future research should include a variety 
of agricultural knowledge assessment methods, procedures, and settings to better 
understand the role of increasing one's knowledge of agricultural facts and its possible 
effects on career decision making processes. 

Keywords: secondary school student, perception, agricultural careers. 

Introduction 

With the ever rising food prices and the decline of production levels due to the 
increasing population, climate change and the demand for bio-fuels, Nations in today's 
world have placed great emphasis on becoming more food secure. Many of the world's 
poorer families have already reduced their consumption of food to one meal a day, for 
others unfortunately they routinely schedule foodless days each week; days they will not 
eat at all. A recent survey conducted by Save the Children resulted in 27% of families in 
Nigeria, 24% of families in India and 16% in Peru having foodless days (Brown, 2012). 

Agriculture has, therefore, been brought to the forefront and is seen as the key sector 
that can assist the World's Nations in achieving food security. Food security is when all 
people at all times have access to safe, nutritious food to maintain a healthy and active 
life (FAO, 1996). "Trinidad and Tobago is on a tight rope as far as food security is 
concerned and if we do not take urgent action today, we might find ourselves in a 
position where we may have money in our pockets but are unable to purchase food" 
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according to the previous MFPLMA Minister Honourable Vasant Bharath. Trinidad and 
Tobago together with other countries are now focusing on the improvement and the 
expansion of the agriculture sector. Presently in Trinidad and Tobago, domestic food 
production does not meet the national demand and as such there is a heavy reliance on 
imported food which in 2010 amounted to 10.06% of total imports. 

In order to improve the domestic food supply and to achieve national food and nutrition 
security and self sufficiency, the Government of Trinidad and Tobago has developed a 
National Food Production Action Plan premised on a five pronged mandate to transform 
the sector (i) to reduce the import bill, (ii) to further reduce inflation, primarily driven by 
food prices, (iii) to create sustainable, long term productive employment, (iv) to 
contribute to the diversification of the economy and (v) to increase the country's food 
security (MFPLMA, 2012). 

Outlined in this national action plan, are some general strategies for the development of 
the sector including the Young professionals in Agriculture Development and Mentoring 
programme. The programme was developed to provide structured, focused, and closely 
monitored opportunities for the tertiary level graduates to be mentored in agriculture and 
related studies. According to previous Minister the Honourable Vasant Bharath, "the 
agriculture sector represents a viable option for our youth population and increased 
agricultural production means conservation of valuable exchange which can directly 
impact on our food import bill". The programme outlined by MFPLMA will mentor those 
individuals already in the field of study. Focus must however be directed at the 
secondary level in order for students to develop a career interest in agriculture. 
According to Barrick and Hughes (1993), at early adolescence, students are formulating 
career interest and goals. 

The local agriculture sector is characterized by an ageing population and the number of 
individuals choosing agriculture at tertiary level has drastically declined. The aged 
farmers have to be replaced with vibrant and educated youth for food production and 
employment (Ayanda et al., 2012). According to the Central Statistical Office (CSO), the 
total labour force for agriculture as a percentage of all industries in Trinidad and Tobago 
in 2010 was only 3.9%. In order to sustain agriculture, focus must be placed upon the 
recruitment of individuals and strategies that can be implemented to increase the 
number of youth choosing the career at tertiary level. The CSO also reported that in 
2006-2010 there was a fluctuation in the number of persons actually employed in the 
agriculture sector in Trinidad and Tobago. 

A previous study conducted in Trinidad and Tobago (Ramdwar and Ganpat, 2010) 
surveyed students at the secondary level ("prestigious" and "non-prestigious" schools) 
and at tertiary level (The University of the West Indies; UWI and The Eastern Caribbean 
Institute of Agriculture and forestry; ECIAF). This study intends to focus not only on the 
perception that secondary school students have to agriculture but intends to de-
stigmatize their perception by implementing a promotion programme (Phase II) within 
the schools and testing the programme (post-survey); whether or not it had a positive 
effect on students' perception to agriculture. Phase II "New Agriculture" involved 
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promoting agriculture that is technologically driven; one with mechanized farming (crops 
and livestock), irrigation and drainage technology, biotechnology (plant and animal 
breeding) among others and promoting the diversity there is in the agriculture sector 
and the many successful careers they can have in this field. It is geared towards the de-
stigmatization of students' perception and in so doing re-defining the discipline into one 
that is considered to be a successful and professional career. 

Many studies have been conducted over the years, not only in Trinidad and Tobago but 
regionally and internationally to determine the knowledge and perception of students to 
agriculture. According to Fishbein and Ajzen (1975), students' and parents' personal 
experiences, observations, knowledge, and values about agriculture affect their 
attitudes about agriculture, which in turn affect their beliefs. Hoover and Scanlon (1991) 
reported that the image of the agriculture profession and perceived future value of 
agricultural education were obstacles to student's enrolment in the study area. 
Thompson and Russell (1993) reported that talented young students are being 
counselled or attracted into engineering, business and medicine in pursuit of economic 
security and status. Agriculture remains unattractive to the youth leading to their 
movement to other sectors of the economy to grab better life (Ayandaet al 2012). 

Krueger and Riesenberg (1991) reported that student's misperception of the agricultural 
industry and agricultural opportunities may negatively affect recruitment. Timely and 
accurate information regarding the perception that secondary school students have 
about agriculture and the factors that prevent them from enrolling in an agriculture class 
or choosing it as a career are needed to enhance and increase the level of recruitment 
of individuals (Scott and Lavergne, 2004). To develop effective recruitment strategies, it 
is necessary to research students' decision making processes and their images of 
agriculture (Lucas, 1993). 

The negative perception of careers in agriculture among high school students are 
related to the students' lack of awareness of the range of career opportunities in 
agriculture and the perception of agriculture involving farming alone (Mallory and 
Sommer, 1986). In schools in Trinidad and Tobago where agriculture is being taught 
(forms 4 & 5), the present curriculum is structured in such a manner that students spend 
fairly long periods of time in the hot sun using traditional labour intensive technologies. 
This is a further disincentive to students changing their perception of agriculture and 
thus wanting to continue a career in the field (Ramdwar and Ganpat, 2010). 

Goecker, Whatley & Gilmore (1999) suggested that "much greater efforts will be 
required to attract sufficient numbers of outstanding students to prepare for very 
challenging careers in the world's food, agriculture and natural resource system." 
According to Chakeredza et al. (2008), it is the development of the human resource 
which will "get agriculture moving". One potential remedy for the decline in the number 
of agriculture students is to provide students with more exposure to agricultural 
programs. These programmes have been shown to increase agricultural understanding 
and stimulate positive agricultural perceptions (Wagler, Rusk, Blomeke, Talbert, Richert, 
& Latour, 2007; Pense, Leising, Portillo & Igo, 2005). The more educated an individual, 
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the fewer negative stereotypes the individual will develop about agriculture. The 
importance of a college education in the field of agriculture needs to be broadcast to 
youth. They need to learn about the numerous career options available within the field 
and how integral these careers are to our present society (Smith 2010). 

According to Ramdwar and Ganpat (2010) students throughout the secondary school 
system had strong positive perceptions about the importance of agriculture to Trinidad. 
However, there was a low likelihood of the students considering agriculture as a career 
option. Enhancing the attractiveness of the agriculture sector throughout the 
establishment of rewarding careers and the modernization of agriculture to be 
technologically-driven can attempt to diminish the negative perception. 

The purpose of this study was to identify secondary schools students' knowledge and 
perception of agriculture before and after educating them on the importance and 
benefits of agriculture. 

1. Identify the demographic profile of the students. 
2. Identify the student's knowledge and perception of agriculture (pre-survey). 
3. Implement the agriculture promotion programme (New Agriculture). 
4. Identify the students' knowledge and perception of agriculture after implementing 

the promotion programme (post survey). 

Methods 

The surveys involved the use of a descriptive survey design. The survey instruments 
were pre-tested in Tobago with secondary school students during World Food Day 2012 
celebrations before being completed in this project. 

Four independent samples, a total of four schools in the St George and St Andrew 
regions in Trinidad were randomly selected. Within the regions the schools were divided 
into two groups; Group 1- Board (religious-based) and Group 2- Government. One 
school within each group was then randomly selected, resulting in a total of two schools 
in each of the regions; one Board and one Government. 

A random sample of 25 students (form 3's) was selected within each of the four schools 
bringing the total sample number to 100 students (ages 12-16 years). 

This study was conducted in three (3) phases: 

Phase I- Pre-survey 

To determine the demographics of the students and their perception of Agriculture. The 
pre- survey was carried out with the sample size of 25 students in each school. The 
self-reporting survey questionnaire sought to determine the students' knowledge and 
perception of agriculture; in terms of its importance to Trinidad and Tobago, their 
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attitude towards it and the likelihood of them to pursue a career in the profession. Apart 
from personal and demographic data, a scale was used to assess their attitudes. 
Students were ask to respond to statements to indicate either 

Yes = 1 ; No = 2 or Agree = 1 ; Do not agree = 2; Not sure = 3. 

Phase II - "New Agriculture" Intervention programme 

Implementation of the "New Agriculture" intervention programme featuring the 
importance of agriculture, the career opportunities that is available in the sector, the 
technology used and the diversification within the field. 
In each region the programme was implemented only in one school, the other acted as 
the control. In St Andrew it was implemented in the Government school; Government 
Intervention (Gl) and the control was the Board school; Board No Intervention (BNI). 

In St George it was implemented in the Board school, Board Intervention (Bl) and the 
control was the Government school, Government No Intervention (GNI). In total, two 
schools received the intervention; one Board and one Government (Bl and Gl), while 
the other two didn't (BNI and GNI). 

The intervention programme was conducted with 25 form 3 students in the two schools, 
total sample size of 50. The form 3 students were selected because presently in the 
school's curriculum of Trinidad and Tobago, agriculture is not a subject at this level. 

Time granted by the school's principal for the execution of the intervention was one 
hour. The intervention programme was made up of power point presentation featuring 
the importance of agriculture to the world's nations and to Trinidad and Tobago, the new 
and improved agriculture made less laborious by the use of technology and the many 
great career opportunities available within the sector. The programme also featured the 
agriculture programmes the University of the West Indies is offering and the interactive 
display of animals (neotropical animals) and green house technology. Free tokens were 
also distributed to participating students from each school as a show of gratitude. 

Phase III - Post-Survey 

This was performed to test whether the intervention programme; "New Agriculture" had 
a positive effect on the students' knowledge and perception to agriculture. The post 
survey was conducted approximately one week after the implementation of the 
intervention programme. The 25 form 3 students of each of the two schools were asked 
to fill out the survey questionnaires. The instrument was made up of 
questions/statements and the students had to respond either Yes = 1 or No = 2 or 
Agree = 1, Do not agree = 2, Not sure = 3 to indicate if their knowledge and perception 
to agriculture has changed. 

All data were coded and analyzed using VARSASTAT software. Descriptive statistics, 
including means and standard deviation were used to identify students' knowledge and 
perceptions. Relationships were also examined using t test. 
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Results and Discussion 

Student Demographics 

The age category of the students interviewed is seen in Table 1. The majority of the 
students fell between the ages 14-16 (70%), 25% fell between 12-14 and 5% in the age 
category of >16. Within the four schools, there was one (Religious based/Board), where 
the student population consisted of all males, while the other three schools consisted of 
a mixture of both males and females. Sixty-four % (64%) of the student population 
interviewed was males and the other 36 % were females (Table 4.2). Table 4.3 shows 
that 45% was East Indians, 20% African, 1% Chinese, 2% Caucasian, 32% Mixed. 

Table 1. Demographics of stuc ents interviewed in the four schools. 
Age Bl BNI Gl GNI Frequency Nx = 25 

12 to 14 8 3 6 8 25% 
14 to 16 16 22 19 13 70% 

>16 1 0 0 4 5% 
Gender 

Male 25 13 14 12 64% 

Female 0 12 11 13 36% 

Ethnicity 
East Indian 23 8 10 4 45% 

African 0 7 2 11 20% 
Chinese 0 0 0 1 1% 

Caucasian 0 0 2 0 2% 
Mixed 2 10 10 9 32% 

Students Knowledge and Perception of Agriculture 

In Phase I, the pre survey results showed that in the four schools, the majority of 
students (94 %) agreed that agriculture is important, 92 % that food prices are high in 
Trinidad and Tobago and 70 % agreed that the country has a very high food import bill 
(Table 2). Although they agreed on its importance they still did not want to or were not 
sure about choosing to further their education in the field of study. In the four schools, 
agriculture was not part of the curriculum of the students from forms 1 to 3; the failure to 
include agriculture as part of the curriculum across the educational system in Trinidad 
would further highlight the stigma attached to it (Perritt and Morton, 1990). Students 
who have taken course work in agriculture expressed more favourable beliefs about 
agriculture careers and are more inclined to consider agriculture as an area of study 
than those students without such exposure (Thompson and Russell, 1993). Table 2 
shows that the majority (70%) of students had family members who are involved in 
agriculture, while the other 30% did not. Agricultural connections and influences in the 
students' lives encouraged positive agricultural perceptions and actions (Smith, 2010). 
Although there was a high percentage (70%) of the students having family members 
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involved in agriculture it still had no effect on them wanting to pursue a career in 
agriculture. 

Table 2. Students response to pre-test questions. 
Question Response Bl BNI Gl GNI 

1. Are family members involved in Yes 18 17 17 15 
agriculture? No 7 8 8 10 

2. Do you eat local fruits and Yes 23 23 21 18 
vegetables often? No 2 2 4 7 

3. How often do you eat these fruits Daily 13 10 13 12 
and vegetables? Once / wk 12 15 12 13 

4. Do you prefer to eat fast food Yes 16 9 13 10 
items like KFC? No 9 16 12 15 

5. Do you think agriculture is 
important in T&T? 

Yes 
No 

Not sure 

23 
0 
2 

24 
1 
0 

25 
0 
0 

21 
3 
1 

6. Food prices are high in T&T 
Agree 

Do not agree 
Not sure 

22 
0 
3 

23 
0 
2 

21 
1 
3 

24 
0 
1 

7. T&T has a high food import bill 
Agree 

Do not agree 
Not sure 

17 
6 
2 

23 
0 
2 

15 
3 
6 

14 
1 

10 

In the four schools, 90% of the student population said they eat local fruits and 
vegetables often, 46% daily and 54% monthly. Forty-eight percent (48%) of the 
students interviewed said that they prefer to eat fast food items like KFC, while 52% 
said they did not. Ninety-four percent (94%) of the students agreed that agriculture is 
important to the country, while 3% did not and the other 3% was not sure. 

The majority of the students (92%) agreed that the food prices in Trinidad and Tobago 
are high, while 1% did not agree and 7% was not sure. The majority (72%) of the 
student population agreed that Trinidad and Tobago has a very high food import bill, 
whilst 10% did not agree and 18% was not sure. 

Phase II of the project involved the promotion programme "New Agriculture". The 
programme was a 1 hour presentation and career talk geared towards changing the 
students' knowledge and perceptions to agriculture. The students' were very 
cooperative and enjoyed the interactive session focusing on the agriculture they knew 
less about, the diverse, growing sector that is technologically driven and entails 
successful careers (Photo 1). 
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Photo 1. Intervention: Introducing the "New Agriculture" to students 
(Greenhouse technology as part of the new agriculture to attract youth in 
agriculture. 

Table 3 shows that there was no significant difference between the overall means in 
both pre- and post- survey questions, 1 to 5. There were no significant changes in the 
students' responses to these questions from the time of the pre-survey to the post 
survey. However, questions 6 and 7 were significant at α 0.01 in the pre mean and post 
mean responses. 

Table 3. Overall means and standard deviation for both pre-survey and post 
survey questions based on the students' knowledge and perception of 
Agriculture. 

PRE TEST POST TEST 

Questions/Statements Means Significant 
at α 0.01 

SD Means SD Significant at 
α 0.01 

1. Being a farmer is very 
Difficult 

1.52 NS* 0.78 1.57 0.77 NS 

2. Would you like to go 
to University when 
you graduate? 

1.29 NS 0.64 1.26 0.63 NS 

3. Would you further 
your education in 
agriculture? 

2.2 NS 0.79 2.18 0.85 NS 

4. Do you believe you 
can make a good 
living in agriculture? 

1.41 NS 0.77 1.21 0.57 NS 

5. The world food 
supply has increased 
as a result of 
improved technology 

1.92 NS 0.95 1.82 0.96 NS 

6. Farmers in Trinidad 
and Tobago make a 
lot of money 

1.74 NS 0.94 1.46 0.83 Significant 

7. Most farmers are men 1.49 NS 0.72 1.68 0.81 Significant 
Note: Ν = 25 in pre and post test *Non- significant 
In Phase III of this study, the post survey was conducted to determine if the promotion 
programme was able to change the students' perception to agriculture. 
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The results in the post survey indicated that the difference in means was non-significant 
in five of the questions that was being compared in the pre and post survey and two 
were significant at α 0.01 (Table 4). There were low mean responses in both pre (1.52) 
and post (1.57); students agreed that being a farmer was difficult. Students wanting to 
attend university after graduating was non-significant; with a pre mean of 1.29 and a 
post mean of 1.26. According to Smith (2010), many renowned universities have 
agriculture programmes, and yet students do not believe that a college education in 
agriculture is necessary for an agriculturally-related career. 

Table 4. The post survey mean responses for the statement "farmers in Trinidad 
and Tobago make a lot of money". 

Schools Mean Relationship with the means 
Board Intervention (Bl) 1.08 a 
Government Intervention (Gl) 1.16 a 
Board No Intervention (BNI) 1.76 b 
Government No Intervention 1.84 b 
(GNI) 

Table 5. The post survey mean responses for the statement "most farmers are 
men". 

Schools Mean Relationship with means 
Board No Intervention (BNI) 1.44 a 

Government No Intervention (GNI) 1.6 a 

Government Intervention (Gl) 1.52 a 

Board Intervention (Bl) 2.16 b 

For students wanting to pursue their education in agriculture; students were undecided; 
they either did not agree or were not sure in both pre- (2.2) and post- survey (2.18). 
The perceived future value of careers and opportunities in agriculture as not rewarding 
may also be deterrents to the likelihood of the discipline for career pursuits regardless of 
the students' exposure (Ramdwar and Ganpat, 2010). A pre- mean response of 1.41 
and a post mean response of 1.21 indicated that the students' believed they can make a 
good living in agriculture. 

On the question of whether the world food supply has increased as a result of 
technology, responses were also not significant, with a pre- mean response of 1.92 and 
post- mean response of 1.82. 

However, the pre- mean response for the statement "Farmers in Trinidad and Tobago 
make a lot of money" was not significant among the schools with a pre mean of 1.74 but 
was significant at α 0.01 when compared to the post mean of 1.46. 
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Further analysis was conducted to determine whether there was a significant difference 
between the pre- and post- survey means. The t calculated was 23.33 compared to t 
table value of 1.97. Based on this result, it can be concluded that the intervention had a 
significant effect on the perception of students that farmers make a lot of money in 
Trinidad and Tobago. 

The pre-mean response for the statement "most farmers are men" was not significant 
with a mean of 1.49 compared to the post mean of 1.68 which was significant at α 0.01. 
Further analysis was also conducted to determine whether there was a significant 
difference between the pre- and post- survey means and it resulted in the t calculated 
17.95 compared to t table value of 1.97. Consequently, the conclusion is that the 
intervention had a significant effect on the perception of students that most farmers are 
men. 

A few limitations are apparent in the design of the study. Schools required a formal 
request before participating in the survey and this delayed the administration of the 
questionnaire, there was were differences in the distribution process and the major 
limiting factor was time allocated by Secondary Schools Principals for this study. The 
time permitted by the school for the promotion programme (1 hour) was too short; it was 
not enough to have a significant impact on the knowledge and perception of the 
students in pursuing agriculture as a career. 

However, the findings of this study is not a representative sample of all secondary 
school students' knowledge and perceptions of agriculture in Trinidad and Tobago and 
therefore the results cannot be generalized. 

Conclusions and Recommendations 

Agriculture not being part of the schools' curriculum and the lack of exposure students 
have to the field of study had a great influence on their willingness in choosing 
agriculture as a career. Although the promotion programme did not have a great impact 
on changing the students' knowledge and perceptions of agriculture as expected, the 
authors believe that it is an effective means of increasing agricultural perceptions 
providing that more time is allowed for its execution. 

It is recommended that agricultural colleges, universities and other agricultural 
institutions focus on assisting schools in reintroducing agriculture clubs and developing 
other programmes to influence students to participate in. Agriculture competitions within 
school and between schools would also motivate student's initiative to participate. 
These programmes, once well established and supported by institutions, will create a 
larger pool from which recruitment of youth into the field of agriculture can easily occur. 
These programmes should not only target the students but also the teachers. Students 
and teachers should also be informed and exposed to modern agriculture practiced in 
the 21st century and appreciate its international importance. Teachers should also 
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explore the possibility of how instructional methods and course of studies influence their 
students' knowledge and perceptions of agriculture. 

Apart from the development of programmes within the schools, the students should also 
be able to attend field trips, lectures, open days and other agriculture oriented 
programmes out of their school environment. 

A recommendation for the University of the West Indies would be that students already 
involved in agriculture at the tertiary level should be utilized as a resource in 
encouraging and promoting agriculture as a viable career option. The authors would 
suggest that part of the curriculum for university students should involve the 
development of small agricultural projects within schools. These programmes will not 
only be beneficial for the secondary school students but also to the university students 
for developing their practical skills and competence within the field. It will also give them 
a sense of pride knowing that they are not just studying in the field of agriculture but 
also contributing to its sustainability and its future as a career option. 

In general in order to secure agriculture in the future focus must be made on recruiting 
young individuals into the sector and emphasizing the importance of agriculture and 
food security to the nation. 
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EVALUATION OF BREADFRUIT CULTIVAR 'MA'FALA' FOR COMMERCIAL 
PRODUCTION IN TRINIDAD AND TOBAGO 

L.B. Roberts-Nkrumah. Department of Food Production, Faculty of Food and 
Agriculture, The University of the West Indies, St, Augustine Campus, Trinidad and 
Tobago 

ABSTRACT: One of the constraints to commercial breadfruit production in the 
Caribbean is the very limited genetic diversity of this introduced species. During the 
1990s, 'Ma'afala', a common breadfruit cultivar in the Pacific, was introduced to Trinidad 
and Tobago by the University of the West Indies (UWI) and the former Ministry of 
Agriculture, Lands and Fisheries. 'Ma'afala' has been propagated and sold to 
homeowners and farmers by the Ministry. At the UWI, this cultivar has been evaluated 
for horticultural characteristics important to commercial production including 
propagation, tree height, time to bearing, seasonality, yield, fruit traits and susceptibility 
to disease. For purposes of utilisation, the nutrient composition and its suitability for 
flour production have also been evaluated. Information on on-farm performance was 
obtained through interviews with farmers. The results suggest that for commercial 
orchards, 'Ma'afala' compares favourably with the local cultivars, 'Yellow' and 'White', in 
terms of tree form and that it may extend the season of breadfruit availability. However, 
its susceptibility to tree decline and death, and certain fruit characteristics which are 
undesirable for processing and consumer acceptance in certain markets, can 
significantly limit its potential for commercial use in Trinidad and Tobago. However, the 
advantages offered by 'Ma'afala' justify additional research to address its limitations. 
This evaluation emphasises the importance of comprehensive cultivar evaluation before 
release for commercial production. 

Introduction 

Breadfruit (Artocarpus altilis) is an introduced crop which has been a part of the 
agricultural landscape of Trinidad and Tobago since the 19th century. The initial 
introduction to the Caribbean was to St. Vincent and Jamaica to provide relieve from 
chronic food shortages, but its adoption as a food source did not begin until the post-
Emancipation era when it became an important mainstay in the diet particularly when 
other preferred foods, whether locally grown or imported were in short supply. While 
breadfruit became a highly appreciated crop especially in these two countries, in some 
others, including Trinidad and Tobago, its consumption was stigmatized as it was 
considered to be food for pigs or the very poor. Nevertheless, it can be found growing 
extensively, mainly in wet areas and has traditionally been planted on cocoa estates as 
a shade tree and also as food for the labourers. 

Recent studies indicate that the negative attitudes to consumption in Trinidad and 
Tobago are changing with consumers across income groups expressing appreciation 
for breadfruit (Roberts-Nkrumah and Badrie, 2005). Furthermore, a recent survey 
among farmers showed that the crop had become a cash crop among 58% of farmers 
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who grew breadfruit and that prices were responsive to supply at different times of the 
year (Roberts-Nkrumah and Legall, 2013). However, the most significant indication of 
the recognition now being given to this crop is its inclusion in the Ministry of Food 
Production's National Agricultural Action Plan 2012 - 2015, as a staple that is targeted 
for increased production in the thrust towards food and nutrition security. 

Like most countries outside of the Pacific, a major constraint to commercial production 
in Trinidad and Tobago is the limited germplasm base. An expanded germplasm is 
necessary to address several constraints to commercialisation. It is within this context 
that the evaluation of breadfruit cultivars for commercial production becomes relevant 
and the case of the cultivar, 'Ma'afala' provides the useful reference. 

Ma' afala Description and Status 

According to the Breadfruit Institute (www.ntbg.org) the tree of 'Ma'afala' breadfruit is 
relatively compact in habit since trees growing in the Pacific are described as being 
relatively shorter than most other common cultivars, but it is not a dwarf at this height. It 
fruits from July to December in Hawaii and there may be a minor season between 
January and May. The fruits are small and the cream to light yellow flesh is tender when 
cooked. 

This cultivar occurs throughout the Pacific and very common in Samoa. Since 2007, 
the cultivar has been micro-propagated and distributed in efforts to alleviate hunger in 
several parts of the world including Central America, the Caribbean (Jamaica and Haiti) 
and Africa. 

Ma'afala in Trinidad and Tobago 

'Ma'afala' was introduced to Trinidad and Tobago at least since 1990 when a single 
cutting was brought in from the NTBG to establish the breadfruit germplasm collection 
at the University of the West Indies. The first tree was planted in 1992. Around that time 
the Ministry of Agriculture also acquired cuttings directly from the Pacific. From these 
introductions, 'Ma'afala' trees are now found at the UWI, the La Reunion propagation 
station of the Ministry of Food Production, farm holdings, the farm school at Kendall in 
Tobago and at the PCS Nitrogen breadfruit orchard. 

Performance 

Propagation 

Like most other breadfruit cultivars, 'Ma'afala' is propagated vegetatively. The trees 
produce many suckers naturally. Due to this characteristic, this cultivar is easily 
propagated by the adventitious shoots that arise on root cuttings. Stem cuttings from 
the adventitious shoots are used to produce a large numbers of plants for sale at the 
Ministry of Food Production La Reunion nursery. The cultivar is offered for sale as a 
type of 'Yellow', and not by its name and is referred to by several farmers as a breadfruit 

251 



hybrid. Beside the adventitious shoots, 'Ma'afala' has also been propagated using 
layers and micro-propagation at the UWI. So far it has been the easiest cultivar to 
propagate using plant tissue culture techniques (Rouse-Miller, personal 
communication). 

Growth and Development 

'Ma'afala' trees are generally shorter than trees of the local 'Yellow' and 'White' of 
comparable age, therefore, some farmers refer to it as a dwarf breadfruit. Four and a 
half year old 'Ma'afala' and 'Yellow' trees grown in pure breadfruit stands at a spacing of 
10 m χ 10 m had a mean tree height of 2.7 and 3.8 m, respectively. Notably, the 
canopy height, of 'Ma'afala' was also lower which indicated that branching began earlier 
in this cultivar. 'Ma'afala' also produced more branches compared to 'Yellow', therefore, 
the former cultivar has a more compact and dense canopy. 

Trees from adventitious shoots come into bearing can come into bearing in less than 
three years after field establishment if maintained in proper growing conditions of light, 
water and nutrition. Under the shaded conditions of a cocoa estate, where most 
farmers in Trinidad and Tobago grow breadfruit, the trees may remain juvenile for up to 
five years or more. 

Seasonality: Like the other two traditional cultivars, bearing is seasonal in 'Ma'afala', 
with the major harvesting period extending from June to December, and an occasional 
minor season, from January to February depending on the duration of the major 
season. 

Yield: Breadfruit tree yield varies with age, environmental conditions and management. 
With respect to age, four-year old trees of 'Yellow' and 'Ma'afala' growing at the 
University Field Station gave yields of 87 and 37 kg/tree, respectively, with differences 
due to both to lower fruit number (37 compared with 154 for 'Yellow') and fruit weight 
(1.0 compared with 1.8 kg). Notably, even at eight years old, 'Ma'afala', produced only 
97 fruits/tree at this site. At another site, under more limiting soil conditions, pruned 
trees four year old trees of both cultivars responded differently, with 'Ma'afala' producing 
much more fruit than 'Yellow' (99 vs. 6/ tree) but 'Ma'afala' fruit size was unmarketable 
(0.5 kg) compared with that of 'Yellow' (1.3 kg). The higher fruit number in 'Ma'afala' 
was attributable to a much higher branch number in response to pruning. 

Fruit characteristics: The mature fruit is oval in shape and with a bright green skin. 
Under good growing conditions the mean fruit length and diameter average 13 cm and 
12 cm, respectively. The flesh is light yellow to yellow with a mean flesh thickness of 4.4 
cm, and may contain 1 to 4 seeds. The fruits mature in 14 to 15 weeks. 

Management 

Water and nutrition management - Adequate water must be available for successful 
establishment and growth. Water must be available even for mature trees during the 
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dry season to avoid excessive stress and the resulting loss of foliage, delayed fruiting 
and a high percentage of fruit drop. The trees respond well to fertiliser application in 
soils low in Ν, Ρ and K. 

Pruning 

The young trees require pruning to remove excess suckers and to maintain one plant 
per position. Pruning for height control can be quite effective on young trees since 
vertical regrowth is not as rapid as in pruned 'Yellow' trees. However, outgrowth of 
epicormic shoots is greater and further pruning is required to reduce crowding within the 
canopy. 

Diseases - Of great concern is the susceptibility of this cultivar to early tree decline and 
eventual death. At the UFS, the average life of a tree over the period 1992 to 2011 was 
4 to 5 years. The longest survival period has been 8 years. Several farmers reported 
that their trees died without bearing or after the first one or two bearings. One farmer 
reported losing all 40 plants that he had purchased before they bore fruit. This problem 
has caused farmers to become wary of purchasing plants of this cultivar and those 
interested in new or extend plantings have expressed preference for the traditional 
cultivars. Fruit rots, also occur on 'Ma'afala' fruits but have not been reported as a major 
problem. Even more important is that it has not been possible to assess the true yield 
potential in Trinidad and Tobago. Tree decline also occurs in 'Yellow' but it is usually is 
usually associated with older trees especially these are grown in areas prone to 
waterlogging. The disease has also been attributed to the fungus, Rosellinia spp. (Weir 
et al 1982). 

Harvesting 

Fruits were easily harvested directly by hand or with a harvesting aid without the need 
for climbing. This was a function of the age and height of the trees. 

Post-harvest handling - Fruit harvested at the green mature stage can be held at 
ambient temperatures for two days before they ripen. 

Nutrient Composition and Utilisation 

In terms of nutrient composition, studies at the UWI indicate no significant differences 
between 'Yellow' and 'Ma'afala' in the content of energy, carbohydrate, dietary fibre, 
crude protein and most micronutrients. Both 'Yellow' and 'Ma'afala' have been 
processed into flour. The estimated edible portion after removal of peel and core was 
similar for both cultivars, but in terms of the weight of the edible portion per fruit, values 
for 'Ma'afala' were as low as 50% of those for 'Yellow' due to lower fruit size. 
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Overall Evaluation 

Strengths 

'Ma'afala' has several desirable characteristics which recommend its use in commercial 
pure stand orchards. These include: 

- availability of planting material either from adventitious shoots or from tissue culture 
- shorter stature which facilitates application of pesticides, pruning and very importantly, 
harvesting. Therefore, it is suitable for pure stand cropping systems. 
- early bearing will allow for early revenue generation 
- production, suitability for different production systems e.g. pure stands at higher plant 
populations, height management, season of bearing, yield? 

Weaknesses 

'Ma'afala' has three main deficiencies that limit its use for commercial production. These 
are: 

- low fruit size 
- seededness which may increase if grown with chataigne; this characteristic with 

low fruit size make this cultivar unattractive to consumers who prefer larger fruits 
and undesirable for processing; 

- high susceptibility of young trees to tree decline and death. 

While the deficiencies may not necessarily be insurmountable, they indicate the need 
for research to address these issues in order to make use of the strong characteristics 
of this cultivar. It is very important to determine whether early tree death is due to 
pathogens, abiotic stress or both. 

This evaluation of 'Ma'afala' has clearly been limited by the availability of data only for 
young trees because of the poor survival. It would also have benefitted from a survey of 
all farmers who planted this cultivar to determine exactly how widespread has been the 
problem of tree death, and where trees might have survived and performed well, the 
conditions under which this was achieved. However, given its performance under some 
of the best environmental and management conditions for breadfruit in Trinidad and 
Tobago and the complaints of numerous experienced farmers, the evaluation is valid in 
this context. 

The experience of 'Ma'afala' performance in Trinidad and Tobago provides a very useful 
lesson on the importance of proper tree crop germplasm evaluation prior to release for 
commercial purposes under new conditions. It also highlights the need for collaborative 
research efforts for evaluation across multiple locations, improvement and improved 
technologies for cultivars with desirable characteristics. 
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Conclusion 

'Ma'afala' does not appear to be a suitable candidate for commercial production in 
Trinidad and Tobago without further research effort to improve the fruit characteristics of 
size and tendency to produce seeds, and its susceptibility to tree decline and death. 
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EARLY FIELD PERFORMANCE OF 20 TRINIDAD SELECTED HYBRID (TSH) 
CACAO CULTIVARS BASED ON SURVIVABILITY, GROWTH, YIELD AND PEST 
AND DISEASE RESISTANCE OVER A SIX- YEAR PERIOD 

K. Maharaj and D. Ramnath. Ministry of Food Production, Research Division. Central 
Experiment Station. Centeno, Trinidad and Tobago 

ABSTRACT: Trinidad and Tobago is an exclusive producer of fine or flavour cocoa, 
which is produced from selected Trinitario genetic germplasm. This country participated 
in a Common Funds for Commodities/ International Cocoa Organisation/Bioversity 
Germplasm Project from 2000 to 2010. Twenty TSH clones (nine commercial types: 
TSH 730, 919, 1076, 1077, 1095, 1102, 1104, 1188 and 1220 and 11 TSH 1300 series) 
were evaluated over this period for growth, yield and disease resistance parameters in a 
replicated field trial located at La Reunion Estate, Centeno. Over the first three years 
significant differences were found between clones for survival rates in the field (X2 = 
2.51, 38df P>0.001); field resistance to damage caused by the Cocoa Beetle, 
Steirastoma breve; presence or absence of vegetative brooms formed from Witches 
Broom Disease infection and precocity. A significant correlation (R2=-0.789; P=0.001) 
existed between girth and vigour for 3-year old trees. Dry bean yield data from 2003 to 
2005 is presented, showing significant differences between cultivars, with TSH 730, 
1076, 1330, 1344, 1350, 1347 and 1380 achieving 3-yr cumulative yields close to or 
exceeding 2 t ha-1. Cultivars with good yield and disease resistance traits are very 
discernible from this trial. 

Keywords: Cacao, Theobroma cacao, Trinidad Selected Hybrids, Yields, disease 
resistance. 

Introduction 

The reputation of Trinidad and Tobago as a producer of 100% fine or flavour cocoa is 
well known, with its premium Trinitario origin beans widely sought by niche chocolate 
producers (ICCO, 2006). The breeding programme that produced the Trinidad Selected 
Hybrids cacao varieties is considered one of the most successful in the world. It 
involved uninterrupted cycles of hybridisation and recurrent selections conducted over 
60 years (Kennedy et al., 1987), and still continues today. Initial goals were aimed at 
Ceratocystis (CR) and Witches' Broom (WBD) disease resistance, large bean size, 
early bearing, low pod index and maintenance of the traditional fine or flavour status of 
Trinidad and Tobago cocoa (Shripat, 1993). 

The Ministry of Food Production in Trinidad commercially propagates fifteen TSH 
varieties as seedlings, grafted clones and clonal cuttings for sale and distribution to 
farmers. These TSH clones are now widely grown on commercial estates in Trinidad 
and Tobago (Abdul-Karimu et al., 2003). On an annual basis, over 200,000 cocoa 
plants are distributed to farmers; however, annual cocoa production in Trinidad and 
Tobago is not reflective of this considerable investment in cocoa plant production. A 
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better understanding of differences in varieties related to early growth and survivability 
will provide an insight into the performance of clones during the early establishment 
period. 

High seedling mortality during the establishment phase of cocoa has become a critical 
constraint to sustainable cocoa production and is attributed to overhead shade and soil 
fertility (Toxopeus, 1968; Frimpong et al., 1999), soil water deficits and drought (Alvim, 
1959; Anim-Kwapong and Frimpong 2006)and to the inherent genetics of the planting 
material (Padi et al., 2013). In addition, young established plants are very vulnerable to 
cocoa beetle (Steirastoma breve) damage and Witches' Broom Disease (WBD) 
infestation. 

Trinidad and Tobago participated in an international cacao Germplasm Project 
organised and funded by the Common Funds for Commodities (CFC), the International 
Cocoa Organisation (ICCO) and Bioversity International from 2000 to 2010. Twenty 
TSH cultivars (nine commercial types: TSH 730, 919, 1076, 1077, 1095, 1102, 1104, 
1188 and 1220 and eleven TSH 1300 series) were rigorously evaluated over this period 
in a Local Clone Trial for growth, yield and pest and disease incidence and resistance 
parameters. The results from the early evaluation of the TSH clones during the period 
2001 to 2005 are presented to assist in influencing varietal selection and to guide 
choices in management practices, which are crucial for successful establishment and 
early growth of the cocoa crop. The objectives of this study were: 

1. To determine the survival rates of the individual TSH clones during early 
establishment 

2. To examine the growth and bearing performance of 20 TSH clones up to six 
years 

3. To identify TSH clones with better resistance to Beetle damage, Witches' Broom 
disease and Phytopthora Pod Rot (Ppr) also known as Black Pod disease (BPD) 
infestation 

Materials and Methods 

The Local Clone Trial was established on the La Reunion Estate, Centeno, Trinidad in 
2000 as a randomised block design with six replicates. The 20 TSH cultivars used were 
comprised of older selected varieties: TSH 730, 919, 1076, 1077, 1095, 1102, 1104, 
1188 and 1220 and newer selections: TSH 1313, 1315, 1330, 1344, 1347, 1350, 1352, 
1356, 1362, 1364 and 1380. The phenotypic and agro-economic traits of these varieties 
are documented in a study by Maharaj et al. (2010). The soil type at the site is Cunupia 
Fine Sand Clay Loam with moderate fertility and internal impeded drainage. The mean 
annual rainfall in this region is approximately 2200 mm and the average temperature is 
26° C. The clonal plants used in the trial were propagated by hypocotyl budding from 
rootstocks of TSH 919 χ TSH 1188 progenies. The trial was established in 2000 at a 
planting density of 1679 trees ha -1 (2.4m χ 2.4 m), with overhead shade trees of 
Erythrina poeppigiana planted at 8m χ 8m spacing and thinned to 16 m apart. Each 
individual plot contained eight labelled trees with rows of border trees separating each 
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replication. The young plants were furrow irrigated in the dry season. Routine agronomy 
practices were applied evenly to all blocks and entailed formation and annual 
maintenance pruning, manual weed control (three times per year) and drainage. All 
plants received two applications of a 3:1:2 NPK fertiliser (250 g plant-1 between age 1-3 
and 500 g at 4 - 5 years. Insecticides and fungicides were not used in this trial since 
field resistance of the clones to pest and diseases were determined as a major objective 
of this trial. Dead cocoa plants were replaced over the first two years of the trial. 

Crop Measurements and Statistical Analyses 

The protocols used are described in Eskes et.al (2000) and entailed the sampling of all 
trees from within a plot. The following measurements were conducted: 

a. Trunk circumference measured at 15cm from soil level on an annual basis 
b. Early vigour using a visual observation scale of 1 -5, 1 and 5 refer to the largest 

and smallest trees respectively. This was done at end of Year 1 and 2 
c. Cocoa beetle Steirastoma breve damage incidence using a visual ranking scale 

from 1 to 5; where 1=no damage, 3= medium damage and 5= intense damage. 
Damage was assessed at 2nd and 3rd Year 

d. Witches' Broom Disease (WBD) incidence at Year 2 and 3, using a scale of A, Β 
and C where A= Absence of disease (no vegetative brooms), B= 1 to 5 brooms 
present and C=>5 brooms present. 

e. Precocity of the clones: indication of flowering and bearing at the end of YR3 
f. Clone survival rates were derived from a count of dead trees at the end of YR 1,2 

and 3 
g. Yield was calculated based on converting wet bean weight per plot to dry bean 

weight using a conversion factor of 30%. Plot weights were converted to yield 
(kg/ha) on the basis of the planting density of 1679 plants ha - 1 (Mooleedhar and 
Lauckner, 1987) 

h. The percentage of Phytophthora pod rot and Witches' Broom disease infected 
pods was calculated from a total pod count of all trees in the trial at each harvest 
interval, with the particular disease infected pods counted separately and a 
percentage infection derived. 

SPSS Inc (www.01.ibm.com) software was used for cross tabulation of data and Chi 
Square analysis for hypotheses testing. Analysis of variance (ANOVA) of yield and 
disease incidence data was done using Minitab Ver 12. 

Results and Discussion 

There were significant differences (P=0.01) between the one year clones for stem girth 
thickness with TSH 1364, 1315, 1220, 1077 and 1330 having larger tree girth. However, 
when clones were 2- and 3-years old there were no significant differences in tree girth. 
This is probably attributed to a carryover effect from the nursery where the young 
propagated trees spent over six months in polybags. There was a significant correlation 
between girth and tree vigour for 3-year old trees (R=-0.79; P=0.001). Trees with larger 
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girth had more vigorous canopy growth and larger crowns. This relationship is illustrated 
in Tablel. Food reserves in the cocoa tree are stored in the wood of the trunk and 
translocated for growth and bearing. 

Table 1. Relationship between tree vigour level and tree girth (cm) of 3-year old 
Trinidad Selected Hybrid cacao clones. 

Vigour Level* Mean tree girth (cm) SEM 
1 18.3 0.11 
2 16.0 0.15 
3 13.3 0.19 
4 11.5 0.34 
5 10.0 0.72 

SEM-Standard error of mean 
* Visual observation scale of 1 -5, where 1 and 5 refer to the 

largest and smallest trees respectively 

Replanting of dead trees were done twice during the three year period after 
establishment. The data collected on number of trees by varieties and age, surviving at 
the end of each year over the first 3-year period was cross tabulated (Tree Age χ 
Cultivar) and Chi Square (X2) analysis was used to test the hypothesis that the clones 
had similar survival rates. The results of the X2=251 (38 df); P=0.001 rejects the 
hypothesis, indicating that differences do exists between clones for survival rates (Table 
2). Clones with survival rates of over 70% were TSH 1076, 1330, 1347 and 1380 while 
lower performing ones were TSH 1095, 1188 and 1220. These differences can be 
attributed to genetics, beetle damage leading to death, rootstock and scion 
incompatibility issues or other environmental effects. Padi et al. (2013) found a 
differential response to survival among thirty-seven families involving various cacao 
clones. Those of Scavina origin had the most positive contribution to survival. N'Goran 
and N'Guessan (2004) also had high mortality rates in families produced from selfing. 

The results of Witches' Broom disease assessment during the 2nd and 3rd years were 
cross-tabulated according to Broom Score Rating χ Cultivar and Chi Square (X2) 
analysis was used to test the hypothesis that all clones will show equal field resistance 
to WBD. The results for 2-year and 3-year old clones respectively were X2=68.5(38df), 
P=0.001 and X2=141,3(76df), P=0.001. The hypothesis is rejected, showing that highly 
significant differences do exist between clones for field resistance to WBD. Clones with 
>90% absence of vegetative brooms at both ages were TSH 1076, 1347, 1350 and 
1356, with more susceptible clones being TSH 919 and 1188 (Table 3). 
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Table 2. Survival rates based on composition of trees (%) by age of twenty 
Trinidad Selected Hybrid cacao cultivar measured 3-years after planting. 

Cultivar % by age of clones Cultivar 
1 -year 2-year 3-year* 

TSH 1330 2.1 16.7 81.3 
TSH 1352 13.3 8.9 77.8 
TSH 1347 6.4 17.0 76.6 
TSH 1380 27.3 0.0 72.7 
TSH 1076 2.1 25.5 72.3 
TSH 1364 10.9 19.6 69.6 
TSH 1315 2.1 29.8 68.1 
TSH 1077 21.7 10.9 67.4 
TSH 1344 12.8 21.3 66.0 
TSH 1362 14.9 21.3 66.0 
TSH 1313 10.4 25.0 64.6 
TSH 730 17.8 20.0 62.2 
TSH 919 16.5 22.0 61.5 
TSH 1102 38.9 0.0 61.1 
TSH 1350 33.3 9.5 57.1 
TSH 1220 8.5 36.2 55.3 
TSH 1356 33.3 15.6 51.1 
TSH 1104 8.5 44.7 46.8 
TSH 1095 47.2 12.4 40.4 
TSH 1188 5.4 60.9 33.7 
Average 16.7 20.7 62.6 

T h i s reflects the percentage of trees, which survived from the original establishment 
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Table 3. Incidence (%) of vegetative brooms produced from Witches' Broom 
Disease derived from a field assessment rating* of 2-year and 3-year old Trinidad 
Selected Hybrid cacao cultivars. 

Cultivar 2-year old trees 3-year old trees Cultivar 
%A %B %C %A %B %C 

TSH 1076 97.7 2.3 - 93.6 4.3 2.1 
TSH 1347 95.7 4.3 - 95.7 4.3 -

TSH 1350 94.1 5.9 - 100 - -

TSH 1356 91.4 5.7 2.9 90.7 9.3 -

TSH 1220 97.9 2.1 - 85.1 14.9 -

TSH 1362 93.0 7.0 - 89.4 10.6 -

TSH 1380 82.4 14.7 2.9 95.5 2.2 2.3 
TSH 1344 87.2 12.8 - 85.1 14.9 -

TSH 730 88.1 11.9 - 84.4 13.4 2.2 
TSH 1104 84.3 13.5 6.7 87.2 10.7 2.1 
TSH 1352 87.2 12.8 - 84.4 15.6 -

TSH 1313 89.4 10.6 - 81.3 14.5 4.2 
TSH 1095 84.1 13.0 2.9 87.4 12.6 -

TSH 1330 86.7 13.3 - 79.2 16.5 4.2 
TSH 1315 87.0 10.8 2.2 74.5 19.1 6.4 
TSH 1102 70.8 29.2 - 85.7 14.3 -

TSH 1077 78.6 14.3 7.1 93.5 6.5 -

TSH 1364 86.0 11.7 2.3 69.6 30.4 -

TSH 1188 79.8 13.5 6.7 59.8 32.6 7.6 
TSH 919 72.6 16.4 11.0 74.7 25.3 -

Average 86.7 8.8 4.5 84.8 11.5 3.7 
*A rating assessment scale of A, Β and C was used, where A= Absence of Witches' Broom Disease (no 
vegetative brooms), B= the presence of 1-5 vegetative brooms and C= >5 vegetative brooms. 

The cocoa beetle (Steirastoma breve) is an important economic insect pest of cocoa in 
Trinidad and Tobago. All clones in the trial were assessed for incidence and severity of 
damage at 2 and 3 yr, respectively. The results of Cultivar χ Beetle damage scores 
were cross-tabulated and subject to Chi Square analysis to test the hypothesis that all 
clones will show equal resistance to cocoa beetle damage. The results for Age 2 and 
Age 3 clones, respectively, were X2=215 (95df) P=0.001 and X2=177(76 df) P=0.001. 
The hypothesis is rejected for both Age 2 and Age 3 trees showing that clones are 
significantly different in their behaviour to beetle damage. Almost 70% of the 2-year old 
trees had medium to high damage compared to 25% among the 3-year old trees (Table 
4). This variation observed over two years can be attributed to climatic differences and 
the susceptibility of the tissues of younger plants to damage. Cultivars showing lower 
damage intensities were TSH 730, 1077, 1220, 1313, 1344, 1347, 1350 and 1362, while 
TSH 1102, 1188 and 1364 had greater levels of damage. Morillo et al. 2008 found 
significant differences between clonal families in their behaviour to attack from 
Steirastoma breve in Venezuela. Hybrids of Amazonian origin were found to have little 
or no damage. 
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Table 4. Incidence (%) of Steirastoma breve beetle damage intensity (DI) on two 
and three year old trees of twenty Trinidad Selected Hybrid cacao cultivars 

Cultivars % Dl of 2 yr old trees % Dl of 3 yr old trees Cultivars 
%1 %2 %3 %4 %5 %1 %2 %3 %4 %5 

TSH 730 11.9 31.0 54.8 2.4 - - 68.9 31.1 - -

TSH 919 2.7 24.3 56.8 8.1 8.2 - 72.5 27.5 - -

TSH 1076 2.2 17.8 71.1 8.9 - - 78.7 19.1 2.1 -

TSH 1077 - 39.0 51.2 9.8 - - 93.5 6.5 - -

TSH1095 11.9 14.9 49.3 16.4 7.5 - 72.7 27.3 - -

TSH 1102 - 8.3 66.7 25.0 - - 44.4 55.6 - -

TSH 1104 6.7 8.9 75.6 8.9 - - 85.1 14.9 - -

TSH 1188 4.5 18.0 67.4 9.0 1.1 - 79.3 17.4 - 3.3 
TSH 1220 2.1 34.0 44.7 17.0 2.1 - 80.9 17.0 2.1 -

TSH 1313 8.5 42.6 44.7 4.3 - - 85.4 14.6 - -

TSH 1315 8.7 13.0 62.5 13.0 - - 61.7 38.3 - -

TSH 1330 - 19.1 63.8 14.9 2.1 - 81.3 18.8 - -

TSH 1344 8.5 44.7 42.6 4.3 - - 78.7 21.3 - -

TSH 1347 2.2 45.7 37.0 15.2 - 6.4 80.9 12.8 - -

TSH 1350 6.3 28.1 59.4 3.1 3.1 - 73.2 24.4 2.4 -

TSH 1352 10.3 17.9 51.3 17.9 2.6 - 57.8 35.6 6.7 -

TSH 1356 17.1 31.4 48.6 2.9 - 2.3 79.5 18.2 - -

TSH 1362 8.5 31.9 57.4 2.1 - - 76.6 23.4 - -

TSH 1364 2.3 6.8 72.7 15.9 2.3 - 73.9 26.1 - -

TSH 1380 8.8 24.3 57.6 10.2 1.8 - 59.1 36.4 4.5 -

Average 6.1 24.3 57.6 10.2 1.8 0.4 74.7 23.9 0.8 0.3 
*A damage intensity assessment scale of 1 to 5 was used to determine beetle damage, where 1= no 
damage, 3=medium damage and 5= extensive damage to trunk and stems of trees 

Flowering and fruiting occurred in some cultivars at 2-year old, which were also some of 
the bigger bearers at the third year (Table 5). This includes TSH 1347, 730 and 1330. 
Highly significant differences were found among varieties for yield of dry bean per 
hectare over 2003 to 2005. This was also true for differences among varieties for 
incidence of pod infection from WBD and BPD, respectively. Five varieties, TSH 1347, 
730, 1330, 1076 and 1344 had cumulative 3-year yields of over 2000 kg/ha, while six, 
TSH 1350, 1380, 1364, 919, 1220 and 1315, had cumulative yields between 1500 to 
2000 kg/ha. The low bearing cultivars were TSH 1077, 1095, 1104 and 1362. Some of 
the individual cultivar yield results over the three-year period, point to a pattern of slow 
early bearing which accelerates with age. Cultivars showing this trend are TSH 1076, 
1188 and 1350. 

The yields obtained by Mooleedhar and Lauckner (1990) for a spacing trial using three 
of the TSH cultivars (TSH 730, 919 and 1188) during 1985 to 1987 compares differently 
for TSH 730 and 919, which are higher in this trial, but have a somewhat similar trend 
for TSH 1188. This can be attributed to environmental factors and differences in the 
method for propagating the experimental clones used in both trials i.e. hypocotyl 
budding vs. rooted cuttings. It is not uncommon for hybrid trials to produce 3-year 
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cumulative early yields exceeding 4000 kg ha 1 as reported in Papua New Guinea by 
Efron et al. (2004). 

Average Pod infection rates for both WBD and Ppr diseases were similar at 5% for the 
years 2004 and 2005. This is unusual, since Phytophothora pod rot usually exceeds 
WBD pod infection in the typical field situation in Trinidad. Cultivars showing good field 
resistance to Ppr and with less than 3% pod infection were TSH 1102,1104,1220,1347, 
1352 and 1364, while those with low resistance were TSH 1313 and 1315. Shripat 
(2003) also reported high resistance with TSH 1220 from pod inoculation studies. 
Cultivars showing good field resistance to WBD with less than 3% pod infection were 
TSH 1102, 1076, 1347 and 1350. The last three listed cultivars also had >90% absence 
of broom scores for incidence of vegetative brooms as listed in Table 3. The cultivars 
with high levels of pod infection were TSH 919, 1313, 1315 and 1330. Most of these 
results conform to leaf inoculation testing using the Spray method and Agar Drip 
technique for evaluation of resistance by cocoa clones to WBD (Thevenin and 
Umaharan, 2002) in which TSH 1347, 1344, and 1350 showed the best resistance and 
TSH 919, 1313, 1315, 1330 being susceptible. 

Conclusions 

1. The mortality of young established cocoa trees over the first three years can be 
quite significant. Some cultivars with better survival rates are TSH 1076, 1330, 
1347 and 1380. It is advisable to employ other practices to encourage successful 
growth such as irrigation in the dry season, adequate shade and general care 
and maintenance of young trees. 

2. Damage to 2 and 3 yr old plants by the cocoa beetle (Steirastoma breve) can be 
quite intense. Some clones showing better tolerance to damage are TSH 730, 
1077, 1220, 1313, 1344, 1347, 1350 and 1362. 

3. Some of the TSH clones are capable of giving cumulative 3- year yields from 
their fourth year after establishment of over 2000 kg ha - 1 of dry beans. These are 
TSH 1347, 730, 1330, 1076 and 1344. 

4. TSH clones with better resistance to Witches' Broom and Black Pod diseases are 
TSH 1102, 1076, 1347 and 1350 and TSH 1102,1104,1220,1347, 1352 and 
1364, respectively. 
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Table 5. Precocity, annual and 3-year cumulative dry bean yields (kg ha -1) and 2-
year averages of pod infection (%) from Witches' Broom Disease (WBD) and 
Phytophothora pod rot (Ppr) Disease respectively of twenty Trinidad Selected 
Hybrid cacao cultivars. 

Cultivar Precocity + 

Dry bean yield* Cumulative 
3-yr bean 

yield 

a2-yr (%) 
average 

WBD pod 
infection* 

a2-yr (%) 
average 
Ppr pod 

infection* 

Cultivar Precocity + 
2003 20042 20052 

Cumulative 
3-yr bean 

yield 

a2-yr (%) 
average 

WBD pod 
infection* 

a2-yr (%) 
average 
Ppr pod 

infection* 
TSH 
1347 Yes 840 577 (75) 1195 (84) 2612 1.2 2.6 

TSH 
730 Yes 714 575 (81) 1077 (92) 2366 5.6 7.1 

TSH 
1330 Yes 671 695 (73) 782 (81) 2148 8.6 7.6 

TSH 
1076 No 266 750 (70) 1040 (78) 2056 2.3 5.1 

TSH 
1344 No 387 775 (71) 840 (79) 2002 3.1 6.6 

TSH 
1350 Yes 358 599 (78) 1038 (86) 1995 3.0 5.7 

TSH 
1380 Yes 624 566 (72) 692 (83) 1882 5.9 5.7 

TSH 
1364 Yes 591 465 (81) 758 (92) 1814 3.4 1.9 

TSH 
919 Yes 478 513 (54) 804 (60) 1795 9.7 5.6 

TSH 
1220 Yes 519 440 (78) 675 (89) 1634 4.8 2.8 

TSH 
1315 Yes 625 464 (82) 512 (93) 1601 9.0 15.2 

TSH 
1313 No 460 484 (93) 514 (106) 1458 11.6 11.4 

TSH 
1356 Yes 442 337 (77) 497 (86) 1276 3.3 3.8 

TSH 
1352 No 392 339 (74) 540 (83) 1271 4.1 2.9 

TSH 
1188 No 172 242 (51) 614 (56) 1028 4.7 3.9 

TSH 
1102 No 0 196 (101) 763 (116) 959 1.5 1.3 

TSH 
1077 No 61 240 (80) 394 (89) 695 3.5 1.8 

TSH 
1095 No 93 133 (52) 436 (59) 662 7.2 3.7 

TSH 
1104 No 21 57 (79) 533 (88) 611 3.9 1.3 

TSH 
1362 No 127 33 (88) 204 (101) 364 3.7 5.1 

SED/ 
(Average) 

199.1 
(95df) - - (5.0) (5.1) 

+ An indication of flowering and bearing at 2 years; 2Values in parenthesis are SEMs-standard error of the 
means; SED- standard error of difference of means; * denotes significance of the means at P=0.001 
a 2-year average derived from years 2004 and 2005 pod infection. 
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EFFECT OF CULTIVAR ON LIGHT INTERCEPTION IN BREADFRUIT 
(ARTOCARPUS ALTILIS) 

M. Gloster and L. B. Roberts-Nkrumah. Department of Food Production, Faculty of 
Food and Agriculture, The University of the West Indies, Trinidad and Tobago 

ABSTRACT: Increasing interest in the commercial development of breadfruit as a crop 
for food and nutrition security in tropical areas requires that consideration be given to 
production systems. Traditionally, breadfruit has been grown on farms as a minor crop 
in mixed tree crop systems or as one or a few trees, mainly on the border of 
smallholdings. In both systems, the tree is planted at wide spacing because of the large 
size typical of breadfruit cultivars in the Caribbean, which limits pure stand production. 
New cultivars are now available and can be evaluated for their suitability for planting at 
closer spacings. Since flowering and consequently, fruit production in breadfruit appears 
to be influenced by light, it is important to assess the size of trees and their ability to 
intercept light. The objectives of this study were to determine the effect of cultivar on 
tree morphology and light interception, and leaf area index in juvenile breadfruit trees, 
determines the relationship between light interception, leaf area index and tree 
dimensions, and consider the implications for managing a pure stand breadfruit orchard. 
The study was conducted at the University of the West Indies field Station (UFS) at 
Valsayn, Trinidad, using five breadfruit cultivars in a pure stand planting of 22 trees. The 
cultivars were Ma'afala (M), White (W), Local Yellow (LY), Jamaican Maka (JM), and 
Breadnut (BN).Tree dimensions, including tree height, canopy depth and canopy width 
were measured and data on Leaf Area Index (LAI) and light interception were collected. 
The results showed that cultivar had a very highly significant (p<0.001) effects on LAI, 
but not on light interception (p<0.164). The information provided has implications for 
breadfruit tree and orchard management, and productivity in the Caribbean. 

Keywords: Artocarpus altilis, cultivar, leaf area index, light interception. 

Introduction 

Currently in the Caribbean, there is an interest in expanding breadfruit (Artocarpus altilis 
Fosberg) for commercial production. Breadfruit is grown in traditional systems including 
backyards of homes, and in border planting or mixed cropping system on farms as a 
consequence, production is low. However, a key issue which is a limitation to production 
is tree height. McKenzie (2000, 195) reported that knowledge of those environmental 
factors to which breadfruit's vegetative and reproductive growth are most sensitive is 
essential to the commercial development of the crop. 

Breadfruit, a tree of the tropical lowlands (Purseglove 1968, 380), grows best in humid 
climates (Singh 1963), it is fast growing (Morton 1987, 51), and attains height of 20 m or 
more at maturity (Purseglove 1968, 380). Roberts-Nkrumah (2004, 203), reported that 
the vigorous growth rate produces a very tall tree with a large canopy. This determines 
tree architecture, and height, which influences light interception and distribution by the 
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canopy and is of interest in commercial breadfruit production. Mc Kenzie (2000, 197) 
indicated solar radiation was the environmental factor strongly associated with female 
inflorescence production and thus the maximum bearing potential of breadfruit. 
Similarly, Roberts-Nkrumah (2004, 201), indicated that fruit set distribution was 
influenced by uneven light interception by the canopy. Also, Roberts-Nkrumah (1997, 
27) indicated that cultivar differences in fruit number and size, may be influenced by tree 
age, and environmental factors. However, they did not evaluate the amount of light 
interception and distribution in breadfruit's canopy. Canopy volume may suggest higher 
fruit number, however, the effect may not commutate yield, i.e. fruit number and fruit 
weight. These other information is required because differences may have implications 
interception and spacing. Therefore, any effort towards increasing commercialisation of 
breadfruit will have to consider cultivar and light management. A preliminary study was 
conducted to determine effect of cultivar on the amount of light interception in breadfruit. 
The objectives were to (1) determine the effect of cultivar on tree dimension, (2) 
determine the effect of cultivar on leaf area index, (3) determine the effect of cultivar on 
percentage light interception in juvenile breadfruit trees, and (4) determine the 
relationships between leaf area index, light interception, and tree dimension. Also, the 
implications of light interception and leaf area index for tree, and orchard management, 
and productivity will be discussed. 

Materials and Methods 

The study was conducted on a pure stand breadfruit planting established located at the 
University of the West Indies Field Station (UFS), Valsayn, Trinidad. The plot consisted 
of five (5) breadfruit cultivars: 'Yellow', 'White', 'Ma'afala', 'Macca', and 'Breadnut' 
(.Artocarpus camansi Blanco), planted in two rows with an east-west orientation, at 6 m 
(20 ft) within row (WR) and 3 m (10 ft) between row (BR) spacing, in a triangular plant 
arrangement. Measurement of tree dimension was done for tree height (TH), canopy 
height (CH), whorl number (WN), branch number (BN), canopy depth (CD), canopy 
width (CW), and tree girth (TG). Light interception (LI) and leaf area index (LAI) data 
were measured with an AccuPAR PAR/LAI Ceptometer (Model LP-80, Decagon 
Devices, Inc., Pullman, WA 99163). Data analysis was done using Computer Software 
Minitab version 16. ANOVA One way analysis was used to determine significant 
differences among main effects, and Tukey's Method was used for grouping, pair wise 
comparisons, and to determine significant differences among means. Regression 
analysis and Pearson's correlation coefficient were used to determine relationship 
among variables. 

Results 

Effect of Cultivar on Tree Dimension 

The results of this study showed that in juvenile breadfruit, differences in tree 
dimensions were highly significant among cultivars in tree height, canopy height, whorl 
number, and branch number, but not canopy depth, canopy width, and tree girth (Table 
1). Among cultivars, overall mean tree height was 5.5 m, and was significantly different 
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between 'Breadnut' a seeded breadfruit specie and all other cultivars except 'Ma'afala'. 
Canopy height differences were significant among 'Breadnut', 'White' and 'Macca, but 
not 'Yellow' and Ma'afala, with an overall mean of 0.9 m. Similarly, mean whorl number 
was significantly different between 'Macca', which had the highest whorl number, and 
'Breadnut', which had the lowest whorl number, but not among the other cultivars. The 
overall mean whorl number among cultivars was five. Mean branch number was 
significantly different among cultivars. 'Ma'afala' had the highest branch number, while 
'Breadnut' had the lowest. Also, branch number in all the cultivars were significantly 
different than in 'Breadnut'. Overall, mean branch number per cultivar was 33 branches. 

Table 1. Effects of cultivar on breadfruit tree dimensions at UFS, Trinidad, 2013. 

Tree Canopy Canopy Canopy Tree 
height height Whorl Branch depth width girth 

Cultivar Ν (m) (m) No. No. (m) (m) (m) 

Ma'afala 4 5.7ab 0.7bc 5ab 30a 4.7a 5.2 a 0.13a 
Macca 5 4.9b 0.4c 6a 27ab 4.4a 5.7 a 0.2a 
Yellow 3 5.6b 0.9abc 4.3ab 21 be 3.6a 5.1 a 0.2a 
White 5 4.9b 1 .Oab 5ab 20.6c 4.0a 5.3 a 0.14a 
Breadnut 5 6.3a 1.3a 4b 14d 5.1a 5.3 a 0.2a 
Mean 5.5 0.9 5 22 4.4 5.3 0.2 
P<0.05 0.004 0.003 0.04 0.001 0.16 0.902 0.128 
Means that do not share the same letter within a column are significantly different. 

Mean leaf area index in juvenile breadfruit 

Ma'afala Macca Yellow Breadnut White 

Cultivar 

Figure 1. Effect of cultivar on leaf area index in juvenile breadfruit trees at UFS, 
Trinidad. Means that do not share a letter are significantly different. 
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Effect of Cultivar on Leaf Area Index (LAI) 

Differences in Leaf area index (LAI) among breadfruit cultivar were highly significantly 
different (p<0.001). Also, mean leaf area index was significantly different among 
cultivars. Mean leaf area index for all cultivar was 4.0 (Figure 1 ). 

Effect of cultivar on amount of light interception (LI) 

Differences in percentage light interception was not significant (p<0.164) among 
breadfruit cultivars. Also, mean percentage light interception was not significantly 
different (Figure 2). 
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Ma'afala Macca Yellow Breadnut White 

Cultivar 

Figure 2. Cultivar effect on amount light interception in breadfruit. Means that do 
not share a letter are significantly different. 

Relationship Between LAI and Tree Dimensions 

Only those relationships which are significantly different are reported. 

Relationship Between LAI and Branch Number 

LAI was highly significant (p<0.001), and strongly, positively linearly related to branch 
number in breadfruit (Figure 3). 
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Figure 3. Relationship between LAI and branch number in juvenile breadfruit 
trees at UFS, Trinidad. 

Relationship Between LAI and Canopy Height 

LAI was highly significant (p<0.008), and weakly, negatively linearly related to canopy 
height in breadfruit (Figure: 4). 
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Figure 4. Relationship between LAI and canopy height in juvenile breadfruit trees 
at UFS, Trinidad. 
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Relationship Between LAI and Whorl Number 

Relationship between LAI and whorl number was highly significant (p<0.015), but 
weakly, and positively linearly related in breadfruit (Figure 5). 

F i t t e d L i n e P l o t 
LAI = 0.199 + 0.7665 WN 

S 1.24840 
R-Sq 25.9% 
R-Sq(adj) 22.2% 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Whorl number 

Figure 5: The Relationship between LAI and world number in juvenile breadfruit 
trees at UFS, Trinidad. 

Relationship Between Amount of Light Interception and Tree Dimensions 

Only those relationships which are significantly different are reported. 

Relationship Between Light Interception and Canopy Width 

Percentage light interception was highly significant (p<0.018), but weakly and positively 
linearly related to canopy width (Figure 6). 
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Figure 6. Relationship between light interception and canopy width in juvenile 
breadfruit trees at UFS, Trinidad. 
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Relationship Between Percentage Light Interception and Branch Number 

Relationship between percentage light interception and branch number was highly 
significant (p<0.005), and weakly positively linearly related (Figure 7). 

Figure 7. Relationship between percentage light interception and branch number 
in juvenile breadfruit trees at UFS, Trinidad. 

Relationship Between Light Interception and Leaf Area Index 

Relationship between light interception and LAI was very highly significant (p<0.001), 
and very strongly, positively linearly related. 

Figure 8: Relationship between percentage light interception and leaf area index 
in juvenile breadfruit trees at UFS, Trinidad. 
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Correlation Between Leaf Area Index and Tree Dimension 

Only those correlations which are significantly different are reported. 

Leaf area index was highly significant (p<0.001), and strongly positively correlated to 
branch number and whorl number, but strongly negatively to canopy height (r = 0.802, r 
= 0.509, and r = -0.547), respectively. 

Correlation Between Light Interception and Tree Dimensions 

Percentage light interception was highly significant, and moderately positively correlated 
to canopy width and branch number (r = 0.499 and r = 0.572), respectively. 

Correlation Between Leaf Area Index and Light Interception 

Percentage light interception and leaf area index highly significant, and strongly 
positively correlated (r = 0.861). 

Discussion 

Highly significant differences of breadfruit tree dimensions were because of cultivar and 
species differences in tree height, canopy height, whorl number, and branch number, 
but not canopy depth, canopy width, and tree girth. 

Highly significantly different in leaf area index was mainly because of cultivar 
morphological differences of tree height, canopy height, number of whorls and number 
of branches. 'Ma'afala', a cultivar with a dense canopy, had a significantly higher LAI 
than all other cultivar with a less dense canopy. Also, overall, leaf area index among 
breadfruit cultivar was high, which is an indication of breadfruit high requirement for 
light. 

Percentage light interception, which is the amount or percent total available light 
intercepted by the fruit tree canopy, and which does not strike the orchard floor, and 
relates to flower formation, fruit set, fruit development, and quality (Rom and Barritt 
1987, 42), was not significantly different among breadfruit cultivar. However, among 
cultivars, 'Ma'afala' had the highest light interception, and 'White had the lowest'. The 
high light interception in Ma'afala was because of short tree height, low canopy height, 
high whorl number, and branch number, which were efficient in maximizing interception 
of incoming radiation, compared to the other cultivars. Generally though, the amount of 
light interception among breadfruit cultivar was very high, 73-98.5 percent, and exceeds 
the range of 70 % and 80 % proposed by Iyer and Kurian (2006, 61) for optimised tree 
management and fruit production. Also, this supports findings by Roberts-Nkrumah 
(2004, 203), that breadfruit, as a species, has several morphological characteristics that 
indicate its high light requirement. 

274 



Leaf area index was linearly dependent on the amount of light interception. Therefore, 
as leaf area index increases, the percentage light interception increases, and visa 
verse. A high level of light interception can be achieved with a, closed canopy (Iyer and 
Kurian 2006, 63). Therefore; this relationship has implication for breadfruit productivity. 

Strong positive correlation between leaf area index and tree dimension was because of 
strong association between branch number and whorl number. However, leaf area 
index and canopy height were negatively correlated. Therefore, breadfruit trees with 
high leaf area index had high branch number and whorl number. However, trees with 
high canopy height, tends to have low leaf area index. 

Percentage light interception was positively correlated with tree dimension of branch 
number and canopy width. Therefore, there was a strong association between 
percentage light interception and branch number and canopy width. Breadfruit trees 
with high percentage light interception had high branch number and wide canopy width. 

Strong positive correlation between percentage light interception and leaf area index 
indicated that in breadfruit, percentage light interception was strongly associated with 
leaf area index. Therefore, tree with high percentage light interception tends to have 
high leaf area index. 

Overall, these results have several implications for breadfruit tree and orchard 
management, and productivity. Firstly, they showed that among breadfruit cultivars, 
differences in trees dimensions were highly significant. Therefore, for orchard 
establishment and management emphasis must be placed on selecting cultivars with 
tree dimension such as short tree height, and canopy height, and high whorl number, 
and branch number. Secondly, breadfruit was highly efficient in percentage light 
interception, but among cultivars, the amount intercepted was not significantly different. 
However, there was a direct relationship between light interception and canopy width 
and whorl number. As a consequence, breadfruit has the capacity for accumulation of 
large amount of dry matter which is important from a management stand point for 
vegetative and reproductive growth, hence greater productivity. This supports Rom and 
Barritt (1987, 42), report that orchard productivity is related to the amount of light 
intercepted by the orchard, therefore, light interception should be maximised early in the 
life of the orchard in order to maximised production by the tree. Therefore, for tree and 
orchard establishment, and management, cultivars should be manipulated by 
management practices such as pruning to increase efficiency of the distribution of the 
incepted light within the tree canopy. Thirdly, these results highlighted the highly 
significant, strongly positive, and negative correlated linear relationship between leaf 
area index, percentage light interception, and tree dimensions. Therefore, 
understanding and managing these will result in greater lighter interception in the 
canopy, hence greater productivity. This confirmed to report by Iyer, and Kurian (2006, 
60) that high yield, and high fruit quality comes from combining good light distribution 
and in the canopy and high light interception. In managing these relationships in a pure 
stand breadfruit orchard, emphasis must be on strategies that will increase light 
interception, such as site selection, cultivar selection, tree population, tree spacing and 
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arrangement, and pruning, which will result in an increase in leaf area index. Fourthly, 
these results will facilitate for greater productivity in breadfruit orchards because they 
gives a better understanding of the significant effect of cultivar on light interception 
which will allow for greater tree and orchard management. Rom, and Barritt (1987, 54) 
reported, when light is limiting, and presumably, photosynthesis is reduced, the tree 
balances itself by reducing crop load via fewer flowers and fruit. 

Conclusion 

The study showed that tree dimensions were significantly different among breadfruit 
cultivars. Also, cultivar had a significant effect on leaf area index, and percentage light 
interception by the canopy. Both leaf area index and light interception were significantly 
influenced by cultivar. Relationship between tree dimensions, leaf area index, and light 
interception were linearly and correlated for canopy height, whorl number, branch 
number, and canopy width and branch number, respectively. As a consequence, these 
have implications for light interception, tree management and productivity of breadfruit. 
Therefore, further studies will be necessary to evaluate strategies for increasing amount 
of light interception among breadfruit cultivars, and to evaluate the effect of light 
management on productivity of breadfruit. 
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MORPHO-PHYSIOLOGICAL CHARACTERISTICS IN ASSOCIATION WITH VASE-
LIFE OF CUT-FLOWERS OF ANTHURIUM (ANTHURIUMANDREANUM LINDEN EX 
ANDRE) 

S.A. Allyene, R.P. Maurya, and J. Chandler. Department of Biological and Chemical 
Sciences, University of the West Indies, Barbados 

ABSTRACT: Anthurium cut-flower trade is second only to spray orchids in the global 
tropical cut-flower trade. Understanding the morphological characteristics and vase-life 
of cultivars can help in determining their marketability. The influence of 19 
morphological characteristics on the performance, yield and quality of 10 anthurium 
cultivars (Pistache, Linda de Mol, Lydia, Merengue, Tropical, Pierott, Fantasia, Red 
Obake, Spirit and Purple Rain) from C.O. Williams Flowers, Canefield Plantation were 
investigated. The abaxial stomatal density and water uptake and the vase-life 
characterization of these cultivars were also evaluated at the Department of Biological 
and Chemical Sciences, The University of the West Indies, Cave Hill Campus. The 
study was completed between May and July, 2012. There was significant variation in 
the majority of morphological characteristics measured in all anthurium cultivars 
assessed at C.O. Williams's farm. The cultivar Red Obake exhibited the maximum 
spathe length and width (22. 87 cm and 12.21 cm, respectively and Purple Rain 
produced the maximum number of flowers per m 2 (25.00). The influence of abaxial 
stomatal density and water uptake on vase-life was such that in most of the anthurium 
cultivars assessed, those with a relatively low stomatal density and high percentage 
water uptake exhibited a relatively long vase-life in comparison to those with a high 
stomatal density and low percentage water uptake. 

Keywords: Morpho-physiological, Vase-Life, Cut-Flowers, Anthurium. 
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PRODUCTION AND QUALITY CHARACTERIZATION OF PULP FROM COCOA BEANS 
FROM TRINIDAD: EFFECTS OF VARYING LEVELS OF PULP ON VALUE-ADDED 
CARBONATED COCOA BEVERAGES 

M. Escalante1, N. Bad rie2, and F.L. Bekele3. 1 Department of Agricultural Economics 
and Extension, The University of the West Indies. 2 Department of Food Production, 
The University of the West Indies. 3Cocoa Research Centre, The University of the West 
Indies, St. Augustine, Trinidad and Tobago 

ABSTRACT: The cocoa industry in Trinidad and Tobago has experienced a steady 
decline in production of cocoa over the past 50 years. There is a need to add value to 
cocoa by developing downstream products such as cocoa beverages. While the cocoa 
pulp (mucilage), covering the seed coat (testa), has a crucial role in fermentation, if 
present in excess, it may also hinder the same process. The objectives of this 
investigation were therefore to develop an acceptable cocoa beverage using surplus 
cocoa pulp and (1) determine the difference in physicochemical (nutritional) properties 
between cocoa mucilage (pulp) and liquor made from cocoa nibs and (2) investigate the 
effects of adding varying amounts of mucilage (10 and 15 g per litre) with a standard 
quantity of liquor on the sensory acceptability and microbiological quality of carbonated 
cocoa beverages. Cocoa pods and dried and fermented beans were collected over a 
period of three months in 2012. The cocoa pulp and seed coat mucilage were extracted 
and freeze dried. The cocoa beans were made into liquor. Crude protein, % ether 
extract (crude fat), pH and micro nutrients, Cd, Cu, Na, Κ, Mn, Zn, Mg and Fe in the 
cocoa liquor and pulp were analysed. Two carbonated beverages were produced with 
varying levels of pulp (10 and 15g, respectively) and evaluated for sensory acceptance 
using a nine-point hedonic scale. Microbial analyses for total aerobic counts, yeast and 
molds, Escherichia coli, in the cocoa pod pulp and dried and fermented beans were 
conducted. Colour, pH and total soluble solids were measured on both the cocoa pulp 
and beverage. The data were analyzed using SPSS 16.There were significant 
differences (P <0.01) between cocoa liquor and cocoa pulp in crude protein and crude 
fat with cocoa liquor being significantly higher in both. Micro-nutrients of trace minerals 
showed a significant difference (P <0.005) between the cocoa liquor and pulp in six of 
the nine samples examined. Cocoa liquor had significantly higher ppm levels (wet wt) 
for trace minerals than cocoa pulp respectively for Fe (P<0.05: 11.97 vs 2.42), Zn 
(P<0.0001:25.19 vs 3.29), Na (P<0.01:81.46 vs 49.03), Κ (P<0.05: 2206.8 vs 853.10) 
and Mg (P<0.0001: 816.02 vs 153.67), but was lower for Mn (P<0.05: 0.66 vs 0.96). 
The pH of cocoa pulp was significantly lower (P <0.001) than that of the cocoa liquor. 
There was no significant difference in sensory qualities between the two cocoa 
carbonated beverages, which were both "liked slightly" in terms of acceptability. 
Microbial growth of 10"3 CFU/g was only observed on dried and fermented beans. A 
carbonated beverage with 10 grams of cocoa pulp per litre is recommended for 
commercialization in the food industry. 

Keywords: Cocoa mucilage, cocoa pulp, cocoa liquor, value-addition, sensory 
acceptability, beverage, nutritional properties. 
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Introduction 

Trinidad and Tobago (T&T) is the birthplace of the Trinitario cacao4. The latter resulted 
due to cross-breeding (hybridisation) between Criollo cacao, introduced to the island by 
the Spanish circa 1525 (Shephard, 1932), with Forastero cacao, which was introduced 
from Venezuela in 1757 (Bekele, 2004). The T&T cocoa industry is based on the 
production of Trinitario cocoa, known for its outstanding flavour characteristics. Cocoa 
dominated the local economy between 1866 and 1920, but has experienced a steady 
decline in cocoa production over the past 50 years. It was reported that 914.8 tonnes of 
cocoa were produced in T&T in 2005, but this dropped to 408.43 tonnes by 2011 
(Maurice, 2012). There have been various factors which contributed to this decline, 
including environmental, disease and pest and socio-economic ones (Bekele, 2004). 
Industrialization in T&T has shifted interest from agriculture to oil-based production and 
downstream industries. By the 1970's, the shortage of labour for agriculture had 
become a serious liability for the cocoa industry. Over the last four decades, cocoa 
production, exports, acreage under cultivation and farmer participation in T&T have 
been declining steadily. 

Despite increasing industrial and manufacturing activity in T&T, there has been little 
local development of the primary product, cocoa beans, into secondary and tertiary 
products. Thus, government agencies and non-governmental organizations are using 
several incentive programmes, which can help develop research, production and value 
addition initiatives in the cocoa industry. 

One of the main pillars to support the revitalization of cocoa production in T&T is the 
island's designation by the International Cocoa Organisation (ICCO) as a 100% 
(exclusive) producer of superior quality, fine or flavour cocoa. Trinidad Selected 
Hybrids (TSH) and remnant Imperial College Selections (Johnson et al., 2004) comprise 
the planting material used on local estates, and this ensures the production of superior 
Trinitario fine or flavour cocoa beans. Trinidad and Tobago is one of five Caribbean 
islands that produce and export exclusively fine or flavour cocoa as determined by the 
ICCO. 

Both the sensory and physical characteristics of the Trinitario bean contribute to the 
superior quality. Some sensory characteristics of the liquors produced from local cocoa 
include fruity (brown raisin), molasses, caramel, winey, nutty, cocoa and aromatic notes 
(Bekele, 2004). Some characters/flavour notes have also been deemed excellent at the 
Salon du Chocolat, an international chocolate competition held in France annually. The 
notes that were awarded prizes at this event include spicy in 2011, fruity and floral in 
2010, sweetness and fruity in 2009 (Trinidad Guardian, 2011). 

The physical attributes of the beans produced locally and sold must meet certain criteria 
such as there must be no more than 1% defective or broken beans and at least 90-95 
beans per 100g of cocoa. The moisture content of the bean must be no more than 7 - 8 
%. Since T&T's cocoa usually meets these criteria, local farmers and the Cocoa and 

4 The word cacao refers to the tree and its parts, and the word cocoa to the products of manufacture. 
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Coffee Industry Board of T&T, which markets cocoa on their behalf, are able to 
negotiate favourable (premium) cocoa prices per tonne with international buyers. 
Currently, mainly large international chocolate manufacturers purchase and transform 
these cocoa beans into high value, secondary and tertiary products. 

Health and Nutritional Benefits of Cocoa 

Nutritional research into cocoa has shown the benefits of cocoa and dark chocolate as it 
relates to lifestyle diseases such as cardiovascular disease (CVD) and type II diabetes 
(Borchers et al., 2000; Cesar, 2005; Mellor et al., 2010; Scotsman, 2012; Badrie et al., 
2013; Jegtvig 2013). This information can be leveraged in the marketing of fine or 
flavour cocoa, which is used to produce dark chocolates with 65 to 85 and even 99% 
cocoa solids. It has and will continue to stimulate demand for fine or flavour cocoa. The 
production of fine or flavour cocoa products locally and regionally can therefore 
contribute significantly to revenue generation. 

The cacao tree's fruits (pods) and seeds (beans) contain high levels of polyphenols 
(Lee et al., 2003). The antioxidant phenolic phytochemicals in cocoa are used as 
chemo-preventative agents against oxidative stress damage, which can cause cancer, 
heart disease, hypertension and other illness. The concentration of polyphenols in 
cocoa products is dependent on several factors, an example of which is the processing 
of cocoa and the concentration of cocoa solids in cocoa products like chocolate (WHO, 
1996). 

Dark chocolate with 60 - 70% of cocoa solids has qualities, which help to improve 
glucose metabolism by increasing insulin sensitivity and it also decreases blood 
pressure (Lee et al., 2003). Daily intakes of only 6.3 g of dark chocolate can reduce BP 
and increase vasodilative Nitrous Oxide (NO), and research suggests that cocoa 
products can be reasonably incorporated into a dietary approach to lower CVD risk 
(Taubert, 2007). Further research suggests a potential value in developing flavanol-
rich, low-energy cocoa foods, beverages, and supplements, which can be used daily to 
obtain the aforementioned benefits (Grassi, 2008). Dark chocolate and cocoa powder 
have been shown to contain high levels of the monomeric flavanols (-)-epicatechin, and 
(+)- catechin (Lee et al., 2003). 

With regard to the nutritional value of cocoa, the USDA (in 2012) indicated that per 100 
grams of cocoa powder there are 6.67 grams of protein, 4 grams of fat, and 83.73 
grams of carbohydrates. Cocoa powder also has a pH which ranges from 5.4 - 5.8 and 
may vary according to processing. High levels of the macro-nutrients magnesium, 
potassium, phosphorous and sodium are present in cocoa powder, and the USDA 
expressed these as 83, 712, 315, 504 mg /100g, respectively. Micro-nutrients zinc and 
iron are expressed as 1.46 and 1.19 mg /100g, respectively (USDA 2012). 

Promoting Sustainability of the Cocoa Industry Through Diversification and 
Value-Addition 

In the Caribbean, one of the main strategies of promoting sustainability within the cocoa 
industry is the involvement of the islands' entrepreneurs in the development of local 
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value added production (Sukha, 2004). Jamaica, Grenada and T&T have participated 
in such value added production by producing drinking chocolates and gourmet dark 
chocolates for local markets. The awards bestowed on chocolates from T&T at the 
Salon du Chocolate in Paris have inspired and motivated local entrepreneurs to 
diversify into dark chocolate (eating and drinking) production and to continue to deliver 
the Caribbean fine or flavour cocoa mark to both local and foreign buyers and chocolate 
manufacturers. 

Several researchers and manufacturers worldwide have diversified the use of cocoa by 
developing by-products such as cocoa butter, which has been used for making 
chocolate, pharmaceuticals and cosmetics, as well as wines, juices, gums and jellies 
(Figueira et al., 1993; Sukha, 2004; Dias et al, 2007). The white mucilage covering the 
beans within cocoa pods is known as cocoa pulp. This mucilage/pulp can also be used 
to add value to the cocoa industry as it is normally is in excess of what is required for 
proper fermentation of cocoa, a post-harvest process that is critical for proper flavour 
development. Surplus pulp often drains out of the fermenting mass in the "sweatings". 

The pulp is normally sweet and helps develop the colour, aroma, and flavour during 
fermentation by introducing different microbes such as yeast and bacteria (Nielsen et 
al., 2007). The flavour is developed in a manner similar to beer and wines, as ethanol, 
lactic acid and acetic acid are by-products of the yeast and bacteria (Saccharomyces 
cereviciae and Hanseniaspora guillermondii) fermentation as well as heat, which 
reaches 50°C thus helping to kill the bean. This process has a role, along with proper 
drying of the beans, in producing flavour and aroma precursors. 

Cocoa juice contained nutrients such as sugar, minerals fat and protein (Anvoh et al., 
2009). The cocoa juice has a soluble solids of 12.5° Brix. The fat and protein content of 
the cocoa juice is 3.12% and 3 - 5%, respectively. The pH of cocoa pulp has been 
found to be lower than that of cocoa liquor; 3.78. This is due to the acetic and lactic 
acid levels in the mucilage (Anvoh, 2009). 

Cocoa trace elements can have both positive and negative biochemical effects on 
humans. Generally, trace minerals are generally needed in quantities of only a few 
milligrams (mg) or micrograms (meg) per day. The World Health Organization (WHO, 
1996) reported on the nutritional significance, requirements for health, and safe range of 
daily intake for nineteen trace elements in three categories. These include essential 
elements such as copper (2 mg/day) and zinc (15 mg/day), probable essential elements 
such as manganese (5 mg/day) and potentially toxic elements, such as cadmium and 
mercury. An example of such trace elements and their positive functions are zinc in 
antioxidant properties and magnesium, which is involved in muscle function, iron (15 
mg/day) in red blood count (RBC) formation and copper, which is essential for RBC 
formation and connective tissue formation. 

Objective of This Study 

Cocoa pulp juice or beverages are not produced and utilized locally as they are in 
countries such as Ghana, Brazil, Costa Rica and Malaysia (Anvoh et al., 2009) despite 
the fact that surplus pulp is a waste product and may even be considered a nuisance in 
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the local cocoa industry since the TSH planting material typically produces much cocoa 
pulp. This fact motivated the authors to develop a carbonated cocoa pulp beverage for 
local consumption to diversify and add value to the cocoa industry as well as to serve as 
a healthy alternative to low-nutrient sodas for consumption by the populace. Therefore, 
determining the nutrient content of the pulp of Trinidad Selected Hybrids and developing 
a consumer-acceptable beverage, which contains a percentage of cocoa liquor and 
pulp, were undertaken during this pilot study. 

Materials and Methods 

Cocoa pulp extraction- Cocoa pods from trees of Trinidad Selected Hybrids (TSH) 
(Maharaj et al., 2011) were collected on the 21st of June, July and August, 2012 (over a 
3-month period) from the Montserrat Cocoa Farmers Society Limited (MCFSL) 
Cooperative, Gran Couva. Figure 1 shows the steps in extraction of cocoa pulp. The 
cocoa pods were cracked and beans were separated into three bags and stored in a 
large Ziplock bag, then placed in the freezer (-18°C) for 24 hours. Approximately 180 -
190 grams of mucilage and seed coat were extracted from each bag to get a total 
weight ranging from 360 to 400 grams. The pulp was weighed then placed in the freezer 
for 24 hours. An Armfield l-Vacuum Freeze Drier (CPS 11962.1921, Armfield Company 
Limited, United Kingdom) was then used to freeze-dry the cocoa pulp. The freeze dried 
pulp was later ground into a powder using a coffee grinder (#40 sieve size) for further 
analysis. 

Production of Cocoa Liquor 

Approximately 330 g large, plump and undamaged beans were roasted at 145° C for 30 
minutes. The beans were then cracked using a cocoa breaker. A pneumatic air-
f low winnower built by Commodity Processing Systems Ltd., Colchester, Essex, 
England, was used to separate the cracked beans into seed nibs and the seed coats. A 
Proctor Silex E160BY Fresh Grind coffee grinder (Hamilton Beach Brands Inc., Virginia, 
United States of America) was used to further grind the cocoa nibs via nine one-second 
pulses and one final two-second pulse. The ground nibs were then gradually placed into 
a mill (Pascall Engineering Co Ltd, Gatwick Road Crawley Sussex, England, Machine 
No: 23615) or into a mechanical mortar and pestle and made into cocoa liquor over a 
period of 1 % hours. (Refer to Figure 2.) The liquor was then placed in covered cups 
and dated. The liquor and pulp were stored in a freezer at -04° C. 

Processing of Cocoa Carbonated Drinks 

Figure 3 shows the processing steps in the production of cocoa carbonated drinks. Two 
cocoa carbonated beverages were processed using two levels of cocoa pulp (10 g and 
15 g). Using the 5-Log reduction performance standard, the mixtures were heated to 
71.1° C for 15 seconds and then bottled as recommended by the U.S. Food and Drug 
Administration in 2011. The mixture was then filtered using a Whatman #54 filter paper. 
Carbon dioxide (CO2) was added using a Soda stream (1017512018, SodaStream 
USA), and each drink received five 2 g CO2 pulses (a total of 10 g of CO2). Each 
carbonated cocoa beverage contained 4 g of cocoa liquor per litre and 1 g of vanilla per 
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litre. The total soluble solids of each drink ranged between 13 to 15 °Brix and the pH 
was between 4.5-4.6. 

Analyses 

pH 

The pH of the cocoa pulp, cocoa liquor and cocoa carbonated beverages was 
measured electronically on a pH meter: Hach SenslON™+ Wastewater pH Meter YO-
59004-03Loveland, Colorado. 

Total Soluble Solids 

The total soluble solids as °Brix was measured on the cocoa pulp, cocoa liquor and 
cocoa carbonated beverages using an ATAGO Co, LTD pocket (PAL-1, Atago Co Ltd, 
Minato-ku, Tokyo, Japan) 

Compositional Analyses 

The cocoa beans were analysed for crude protein, % ether extract (crude fat) and nine 
trace minerals. Crude protein was measured with the Kjeldahl procedure, where a 
conversion factor of 6.25% was used in order to convert the nitrogen content to crude 
protein, ether extract by the high temperature solvent extraction and ash analysis at 
600° C for 6 hours using the method of AOAC (1990). The nutrients cadmium (Cd), 
copper (Cu), sodium (Na), potassium (K), manganese (Mn), zinc (Zn), magnesium (Mg) 
iron (Fe) and Calcium (Ca) were measured by an atomic absorption spectrophotometer, 
AAnalyst™ 700 PerkinElmer, Inc. 940 Winter Street Waltham, MA 02451, USA. 

Sensory Analysis 

Two treatments of cocoa carbonated drinks were subjected to Hedonic testing. The 
sensory attributes were analysed for appearance, colour, taste, flavour, consistency and 
overall acceptability of the prototypes. Sensory evaluation was conducted at the Spirit 
of Chocolate, 'Fête de la cocoa', November 2 -3, 2012 at the JFK Auditorium, the 
University of the West Indies, St. Augustine. The required sample size calculated with a 
5% level of significance was 174 respondents ( η = Zoc/2 p q ) where η is the number of 
individuals needed, Ζ relates the Confidence Interval, Ρ is the population to favour the 
characteristics, Q is the population who do not favour the characteristics and d2 is the 
margin of error. The selection of the consumer volunteer panelists was convenient and 
systematic. Panelists were asked to fill out a hedonic sensory questionnaire sheet. The 
Hedonic rating scale was according to Peryam and Pilgrim (1957). 

Microbial Analysis 

The microorganisms were analysed using potato dextrose agar (PDA) for yeasts and 
molds, plate count agar (PCA) for aerobic mesophiles and eosin methylene blue agar 
(EMBA) for Escherichia coli in cocoa pods and fermented and dried beans, dried pulp 
and cocoa liquor and the cocoa carbonated beverages (10 and 15 grams of cocoa pulp, 
respectively). Staphylococcus aureus was tested using Mannitol Salt Agar (MSA) on 
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cocoa pods and dried and fermented cocoa. MSA and EMB plates were incubated at 
35° C for 48 hrs. PCA and PDA plates were incubated at 28° C for 24 hours. 

Statistical Analysis 

The physical, chemical and sensory data were analyzed using SPSS 16 for Windows. 
Various statistical tests were used to generate frequencies, calculate means, to 
compare and find associations using the Chi-square test. The Student's 't' test and 
ANOVA F test were used to determine differences in means. The SPSS software was 
also used to generate descriptive statistics, which included statistical tables, bar graphs 
and pie charts. All tests were conducted at the 5% level of significance (P < 0.05). 

Results and Discussion 

Pulp and liquor samples collected each month (June, July and August) were 
significantly different in % crude protein. For each month, the cocoa liquor contained 
significantly higher (P < 0.0001) % crude protein than cocoa pulp (dry wt basis) (Table 
1). 

In Table 2, data are presented for nine samples, collected over three months. The crude 
protein of cocoa liquor was 12.75g/100g (dry wt)/1,29g (wet wt) and for cocoa pulp was 
5.16g /100 g (dry wt)/1.74 g (wet wt). Table 3 shows the mean scores for the % ether 
extract (crude fat, dry wt basis) were significantly different (P<0.001) for cocoa liquor 
and cocoa pulp over the three months, with higher crude fat % for cocoa liquor (dry wt 
basis) compared to cocoa pulp (dry wt basis). Table 4 shows a higher ether extract (dry 
wt basis) for cocoa liquor (59.14% versus cocoa pulp 21.82%). Table 5 shows that Fe, 
Κ, Na, Mg, Zn and Mn were significantly different in concentrations between cocoa 
liquor and pulp. Cocoa liquor had significantly higher levels (ppm, wet wt) for trace 
minerals than cocoa pulp respectively for Fe (P<0.05: 11.97 vs 2.42), Zn 
(P<0.0001:25.19 vs 3.29), Na (P<0.01:81.46 vs 49.03), Κ (P<0.05: 2206.8 vs 853.10) 
and Mg (P<0.0001: 816.02 vs 153.67), but was lower for Mn (P<0.05: 0.66 vs 0.96).The 
micronutrients for cocoa juice as measured by Anvoh et al. (2009) in mg/L (ppm) were 
compared to cocoa pulp for Ca (171.5 vs 162.0), Mg (82.5 vs 153.7), Na (30.5 vs 49.0) 
and Κ (950 vs 853). 

Table 6 shows that the pH of cocoa liquour varied within the range of 5.1 -5.2. The pH 
of cocoa pulp samples was significantly (P<0.001) lower (3.6-3.9) when compared to 
the pH of cocoa liquour. Cocoa juice was reported as having a pH of 3.75 (Anvoh et al., 
2009). Cocoa juice was found to be very acidic with a titratable acidity at 170±6.28 
meq/L. Citric acid was the most predominant organic acid, with an average value of 
9.14±0.64 mg/L. Malic and acetic acids contents were 3.6±0.5 mg/L and 2.28±0.7 mg/L, 
respectively (Anvoh et al. 2009). 

Table 7 shows that the total soluble solids of cocoa pulp increased with maturity over 
the three months period (12.1-15.9° Brix). Cocoa juice had a reported total soluble solids 
value of 16.2° Brix. Table 8 reported no significant differences among the average mean 
sensory hedonic scores (5.62-6.72) and in individual sensory attribute between the two 
levels of cocoa pulp carbonated beverage. The sensory analysis of the two carbonated 
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cocoa pulp beverages revealed no significant differences for any sensory characteristic. 
This showed that the different pulp contents did not significantly affect the overall 
sensory characteristics. 

The paired Τ test indicated significant (P<0.001) overall preference for the beverage 
with 15 grams of cocoa pulp (7 - moderate preference compared to the 10 gram 
addition of cocoa pulp (6 -l iked slightly). Comparisons of the two beverages showed 
that appearance was favoured slightly more in sample with 10 g cocoa pulp with 49 
persons choosing "like moderately" versus 44 persons choosing "like moderately" for 
sample 1 (15 g pulp). The colour of sample 2 also had slightly greater appeal as 
persons chose "liked moderately" 47 times versus 41 times for sample 1. The taste of 
sample 2 was also favoured. Flavour and consistency were observed to be "liked 
moderately" in the case of sample 1. Acceptability of both drinks was "liked moderately". 

Table 8 (a) shows consumer preference for both drinks. Ninety-six persons stated their 
preference for drink (10 g cocoa pulp) and this was significantly more (P < 0.0001) than 
those who preferred carbonated beverage (15 g cocoa pulp). Table 9 shows that for the 
fermented beans, there were 7.0 χ 104 CFU/g of yeasts and molds and 1.2x 105 total 
aerobic microbes. These observations showed yeast and bacteria were only present in 
fermented beans at 103, which was supported by the findings of Nielsen et al. 
(2007).The microbial tests on both the carbonated beverages revealed no growth at 
103, which indicate little cross contamination between the cocoa pulp and liquor in the 
conversion to carbonated drinks. 

Discussion 

Soluble solids, pH, brix, % crude protein, % ether extract by ether extractions and 
micro-nutrients: copper, zinc, iron and manganese and macro-nutrients: sodium, 
potassium, calcium and magnesium and cadmium of cocoa pulp from cocoa samples, 
collected in June, July and August, 2012, were measured in this study and compared to 
the values obtained for cocoa liquor. Furthermore, the content of micronutrients, 
determined for cocoa pulp, differed from that of the cocoa juice observed by Anvoh et 
al. (2009). This may be due to different methods of extraction and the fact that pulp as 
well as the seed wall was used in this experiment. Contents of Ca, Mg, Na and Κ were 
higher for cocoa pulp (Table 5) compared to the values reported for cocoa juice as 
determined by Anvoh et al. (2009). The values for Ca, Mg, Na and Κ (ppm), 
respectively, for cocoa juice were 171.5±34.01 ppm, 82.5±0.81, 30.5±3.77 and 950 ± 
16.32 . 

Based on the findings of this study, mean crude protein content in cocoa liquor samples 
was 12.75 g/100 g. This is almost twice the value reported by the USDA (2012) of 6.67 
g/100g. The ether content (crude fat) of the liquor sample was 59.1%, which falls just 
above the range according to Encyclopedia Britannica (2012) of 52.5%. However, the 
ether content for the cocoa pulp obtained in this study was 21 %. 

USDA (2012) stated that the levels of the micro-nutrients Mg, Κ, Ρ and Na in cocoa 
powder are 83, 712, 315, and 504 mg /100 g, respectively (Note: 1ppm = 0.1 mg/100 g) 
The findings for cocoa liquor in this experiment is different from that of the USDA (2012) 
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for cocoa powder. In cocoa liquor (dry wt), the values (mg/100 g) were lower for Mg 
241.1, Κ 652.6 and Na 24.9 (Table 6) than for cocoa powder. USDA (2012) reported the 
pH level of the liquor to be 5.3 which were close to the values (pH 5.1-5.2) shown for 
cocoa liquor (Table 6). 

The cadmium content (mg/kg) of cocoa liquor and cocoa pulp (wet wt basis) were 0.51 
and 0.16 ppm, respectively, and dry wt basis of 1.50 and 1.61. These levels are well 
within the provisional tolerable weekly intake (PTWI) of Cd of 60-70 micrograms /kg wet 
weight (WHO 1992). Cocoa liquor had significantly higher ppm levels (wet wt) for trace 
minerals than cocoa pulp respectively for Fe (P<0.05: 11.97 vs 2.42), Zn 
(P<0.0001:25.19 vs 3.29), Na (P<0.01:81.46 vs 49.03), Κ (P<0.05: 2206.8 vs 853.10) 
and Mg (P<0.0001: 816.02 vs 153.67), but was lower for Mn (P<0.05: 0.66 vs 0.96). 

Both % crude protein (dry wt) and crude fat content g/100g in cocoa pulp and liquor 
varied significantly (P < 0.0001) with cocoa liquor having higher mean scores of 12.1 
and 59, respectively. Each month, the difference between the two samples was 
significant at Ρ < 0.05 for both % crude protein and % ether extract (crude fat), and 
cocoa liquor contained greater % crude protein and % ether extract throughout the three 
months. pH values for the two samples differed significantly (P = 0.001). Cocoa pulp 
had a mean score for pH of 3.7 and cocoa liquor 5.7. 

Following the processing and extraction of cocoa pulp to be freeze dried, there was no 
observed microbial growth, therefore, contamination was limited by processing (drying). 
The cocoa liquor also showed no microbial growth at 103, therefore, processing has 
limited the cross contamination of the yeast and molds during conversion from cocoa 
beans to cocoa liquor. 

Conclusion 

The overall aims and objectives of this study were to determine the difference between 
cocoa pulp and liquor over three months by using nutritional, physical and chemical 
testing and also to develop and test the physical and sensory properties and 
acceptability of a combined cocoa pulp and liquor soda made from beans collected 
each month from June to August, 2012. 

From the analysis of the various tests, it can be concluded that a link was established 
between the results of this research project and those of authors such as Anvoh et al. 
(2009) and the USDA (2012). Due to the type of tests carried out, there was also a 
difference in some of the results obtained here relative to those obtained by the 
aforementioned authors. 

The results demonstrate that cocoa pulp is nutritious, comparable to cocoa liquor, as 
indicated by the micro-nutrient content of potassium. The latter is known to be high in 
cocoa liquor and chocolate, but this experiment showed levels in pulp exceeding those 
of cocoa liquor. 

The cadmium content (mg/kg) of cocoa liquor and cocoa pulp (wet wt basis) were 0.51 
and 0.16 ppm, respectively, and dry wt basis of 1.50 and 1.61 (Table 5). The World 
Health Organisation (WHO, 1992) has established a provisional tolerable weekly intake 
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(PTWI) of 7 Mg/kg body weight. This PTVVI value corresponds to a daily tolerable intake 
level of 70 Mg of cadmium for the average 70-kg man and 60 Mg of cadmium per day for 
the average 60-kg woman. The cocoa nibs from some areas of Trinidad and Tobago 
were found to be unlikely to meet food safety standards for cadmium in chocolates and 
other cocoa products, if >50% cocoa solids are used in such products (Ramatahal, 
2013). Cadmiun concentrations in the beans were found to be weakly positively 
correlated with the concentration of total Cd in the soil in Peru (Crozier, 2012). Cocoa 
liquor was found to be a better source of crude fat (% ether extract) and crude protein 
compared to cocoa pulp. 

The potential for the commercialization of new cocoa beverage products was clearly 
demonstrated by this preliminary research as, generally, people liked the carbonated 
drinks produced. This was evident from the observed mean sensory scores of 6. 
However, they preferred less pulp (10 g) in the carbonated drink as indicated by the 
overall sensory evaluation and general preference stated. 

The processing of the drink was shown to have reduced the levels of microbial growth. 
This result indicates that the process of producing the drink was safe and limits 
microbial contamination. Therefore, the production of a carbonated cocoa beverage, 
made from cocoa pulp with added cocoa liquor, may have a positive impact on revenue 
generation in the cocoa industry. It involves the conversion of a waste product (cocoa 
pulp) into a nutritious, marketable and valuable commodity that was generally accepted 
by the sample population surveyed during this pilot study. 

Acknowledgements 

The authors would like to thank the Montserrat Cocoa Farmers Co-operatives Society 
Ltd for the supply of cocoa beans, and its members, Mr Jude Lee Sam, Mr Richard De 
Verteuil and Mr Rajiv Sookdeo for invaluable assistance; Mr Sheldon Pilgrim of the 
Department of Chemistry; Mrs Vidya De Gannes, Ms Holly Loney, Mrs Radhicka 
Seerattan-Persad, Mrs Susan Turnbull-Fortune, Ms N. Lara, and Mr Raymond Springer 
for their technical assistance at the various laboratories of the Faculty of Food and 
Agriculture; and Ms. Naailah Ali for her technical assistance at the Cocoa Research 
Centre, the University of the West Indies, St. Augustine. 

References 

Anvoh, K.Y.B., A. Zoro Bi and D. Gnakri. 2009. Production and characterization of juice 
from mucilage of cocoa beans and its transformation into marmalade. Pakistan 
Journal of Nutrition 8: 129-133. 

AOAC (1990) Official Methods of Analysis 15th Ed, Arlington, VA, sec 965.33. 
Badrie, N., F. L., Bekele, E. Sikora, and M. Sikora. 2013. Production and processing of 

cocoa and cocoa products: Quality, nutritional and health aspects." Critical 
Reviews in Food Science and Nutrition. In press. 

Bekele, F. L. 2004. The history of cocoa production in Trinidad and Tobago. In 
Proceedings of the APASTT Seminar - Exhibition entitled Re-vitalisation of the 
Trinidad & Tobago Cocoa Industry pp. 4 - 1 2 . September 20, 2003, UWI St. 
Augustine, Trinidad. 

288 



Borchers, Α., Keen, C., Hannum, S. and Geshwin, Μ. Ε. 2000. Cocoa and chocolate: 
composition, bioavailability, and health implications. J. Med. Food 3 (2): 77-105. 

Cesar, G.F. 2005. Cocoa, diabetes, and hypertension: Should we eat more chocolate? 
American Society for Clinical Nutrition 81: 541-2. 

CNN International. 2012. Who consumes the most chocolate? Accessed September 
26, 2012. http://thecnnfreedomproiect.blogs.cnn.com/2012/Q1/17/who-consumes-
the-most-chocolate. 

Crozier, J. (2012). Heavy metals in cocoa. 3rd and 4th July. International Workshop on 
possible EU regulations on cadmium in cocoa and chocolate products. 
http://www.icco.org/sites/sps/documents/Cadmium%20Workshop/CABI.pdf.orksh 
op on possible EU reg 

Dias, D. R., R.F. Schwan, E.S. Freire, and R.D.S Serôdio. 2007. Elaboration of a fruit 
wine from cocoa (Theobroma cacao L.) pulp. International journal of food science 
and technology 42(3), 319-329. 

Encyclopedia Britannica. 2012. Cocoa bean products, cocoa powder." Accessed 
September 20, 2012. 
http://www.britannica.com/EBchecked/topic/123750/cocoa/50487/Cocoa-bean-
products#ref502115. 

Figueira, Α., J. Janick, and J.N. Be Miller. 1993. New products from Theobroma cacao: 
Seed pulp and pod gum. p. 475-478. In: J. Janick and J.E. Simon (eds.), New 
crops. Wiley, New York. 

Grassi, D., C. Lippi, S. Necozione, G. Desideri, C. Ferri. 2004. Short-term administration 
of dark chocolate is followed by a significant increase in Insulin sensitivity and a 
decrease in blood pressure in healthy persons. NutrQÎ ·. 611 - 614. 

Houston, H. and T. Wyer. Center for Strategic and International Studies (CSIS). 2012. 
Why sustainable cocoa farming matters for rural development. Accessed October 29, 
2012. http://csis.org/publication/why-sustainable-cocoa-farming-matters-rural-
development. 

Jegtvig, Shereen 2013. Nutrition FAQ: Is Chocolate Good or Bad? 
about.com, Nutrition. March 3rd, 2013. 
http://nutrition.about.eom/od/askyournutritionist/f/chocolate.htm (accessed march 

4th, 2013). 
Johnson, E., Bekele, F. and Schnell, R. 2004. Field Guide to the ICS Clones of Trinidad. 
Serie Técnica Manual técnico No. 54. Tropical Agricultural Research and Higher 
Education Center, Turrialba, Costa Rica. 32pp. ISBN 9977-57-398-0 
Lee, C.K. and K.S. Low. 1985. Determination of cadmium, lead, copper and arsenic in ra 
cocoa, semifinished and finished chocolate products Chemistry Department, Faculty of 
Science and Environmental Studies, University Pertanian Malaysia, Serdang, Selangor, 
Malaysia Pertanika.8: 243-248. 
Lee, K.W., Y.J Kim, H.J. Lee, C.Y. Lee. 2003. Cocoa has more phenolic phytochemicals 

and a higher antioxidant capacity than tea and red wine. Journal of Agriculture 
and Food Chemistry 51: 7292 - 7295. 

Maharaj, K., P. Maharaj, F.L. Bekele, D. Ramnath, G.G. Bidaisee, I. Bekele, C. Persad, 
K., Jennings, and R. Sankar. 2011. Trinidad Selected Hybrids: An Invesitgation 
of the phenotypic and agro-economic traits of 20 selected cacao culivars. 
Tropical Agriculture (Trinidad) 88: 175-185. 

289 



Maurice, C. 2012. The Maurice Academy of Design and Craft Ltd, 3rd Caribbean Fine 
Cocoa Conference and Chocolate Expo 2012, Fine Cocoa: Transforming 
Caribbean rural economies in the 21st Century accessed: 12/11/2012 page 4. 

McWilliams, M. 2008. Foods: Experimental Perspectives, 6 Ed. California State 
University, Los Angeles. Prentice Hall, 544 pp. 

Mellor, D. D., Sathyapalan, T., Kilpatrick, E. S., Beckett, S. and Atkin, S. L. 2010. High-
cocoa polyphenol-rich chocolate improves HDL cholesterol in Type 2 diabetes 
patients. Diabet. Med., 27: 1318-1321. 

Nielsen, D.S., O.D. Teniola, L. Ban-Koffi, M. Owusu, T.S.Andersson and W.H. 
Holzapfel. 2007. The microbiology of Ghanaian cocoa fermentation analyzed 
using culture-dependent and culture-independent methods. International Journal 
of Food Microbiology 114 (2007) 168-186. 

Penn State University. 2010. FDA Recommended pasteurization time/temperatures. 
http://extension.psu.edu/food-safety/courses/information/juice-haccp-resources/food-
safety-juice-haccp-regulations/FDA%20Recommended%20Pasteurization%20Time.pdf. 
Accessed October 12, 2012. 
Peryam, D.R. and Pilgrim, F.J. 1957. Hedonic scale method of measuring food 

preferences. Food Technology (September 1957), 9-14. 
Trinidad and Tobago Ministry of Health (MoH). 2011. The Directorate of Health Policy, 

Research and Planning - Health card report of Trinidad and Tobago. 
Ramtahal, G.M. (2013 ). Investigations of Heavy Metals in Cocoa in Trinidad and 

Tobago. 
Abstract. http://uwispace. sta.uwi.edu/dspace/bitstream/handle/2139/14487/Gideo 
nRamtahal_AB.pdf?sequence=3. 

Satarug S, Haswell-Elkins MR, Moore MR. 2000, Safe levels of cadmium intake to 
prevent renal toxicity in human subjects. Br J Nutr. 84(6):791-802. 

Shephard, C. Y. 1932. The Cacao Industry of Trinidad - Some economic aspects. Part 
III: History of the industry up to 1870. Port of Spain, Trinidad: Government 
Printing Office. 

Scotsman 2012 Daily dose of dark chocolate can help stave off Alzheimer's. Tuesday 14 
August 2012, http://www.scotsman.com/the-scotsman/health/daily-dose-of-dark-
chocolate-can-help-stave-off-alzheimer-s-1 -2465885 Accessed: 15/09/2012. 

Sukha, D.A. 2004. Potential value added products from Trinidad and Tobago cocoa. 
Pages 69-73 in Proceedings of the APASTT Seminar - Exhibition entitled Re-
vitalisation of the Trinidad & Tobago Cocoa Industry, 20 September 2003, St. 
Augustine, Trinidad. APASTT St. Augustine. 
http://sta.uwi.edu/cru/valueaddedproducts.asp accessed: 12/11/2012 

Taubert, D., Roesen, R., Lehmann, C., Jung, N. and Schömig, Ε. 2007. Effects of low 
habitual cocoa intake on blood pressure and bioactive nitric oxide. A 
Randomized Controlled Trial. JAMA,298(1): 49-60. 

WHO. 1996. Trace Elements in Human Nutrition and Health. The World Health 
Organization 
http://apps.who.int/bookorders/anglais/detart1.isp?codlan=1&codcol=15&codcch=431, 
accessed, 18/10/12. 
WHO, 1992 .Cadmium. Environmental Health Criteria 134. The World Health Organisation, 
International Programme on Chemical Safety (IPCS), Geneva, Switzerland. 
http://www.who.int/ifcs/documents/forums/forum5/nmr cadmium.pdf. Accessed 24th August, 
2013. 

290 



Trinidad Guardian newspaper. 2011. T&T Cocoa wins in Paris, France. Posted October 
25, 2011. http://www.guardian.co.tt/node/26054. Accessed August 6. 

US Food and Drug Association 2012 , Protecting and Promotion Health: "Guidance for 
Industry: The Juice HACCP Regulation" 08/24/2011 
http:www.fda.gov/Food/GuidanceComplianceRegulatorylnformation/GuidanceDo 
cumts /Juice/ucm072602.htm. Accessed: 20/11/12 

USDA, U.S. Department of Agriculture. National Nutrient Database for Standard 
Reference. 30 03, 2012. http://ndb.nal.usda.gov/ndb/foods/show/4174 
(accessed 09 03, 2012). 

Break cocoa pods 
(fruits) and 

collect cocoa pulp 
Freeze pulp 

Separate pulp from seeds 

Grind pulp Freeze-diy pulp 

Figure 1. Extraction of cocoa pulp during this study. 
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Figure 2. Processing of cocoa beans during this study. 
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Figure 3. Production of the carbonated cocoa beverages. 
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Preference 
• Frequency • Percent 

96 

1 (sample) 2 (sample) 3 (neither) 4 (both) 99 (no 
answer) 

Figure 4. Frequency and preference for the cocoa beverages. 

Table 1. Means and standard deviations (SD) and significance in difference of % 
crude protein each month between cocoa liquor and pulp (dry weight basis). 
Samples June July August 

Crude protein mean,% 
dry wt ± (SD) and wet wt 

Crude protein mean,% 
dry wt ± (SD) and wet wt 

% Crude protein mean, 
% ± SD and wet wt 

Pulp 5.9 (0.45) 2.00 4.39(0.17) 1.48 5.17 (.34) 1.75 
Liquor 12.6(0.35) 1.28 12.5 (0.6) 1.27 13.1 ( 0.07) 1.43 
P-values 0.0001*** 0.0001*** 0.0001*** 
"""Significant at the 99.99% level 
(moisture content of cocoa pulp = 74.73% and cocoa liquour = 9.19%) 

Table 2. Crude protein and the difference in cocoa pulp and liquor over the three 
months (dry weight basis) 
Samples # of samples Crude protein mean, dry wt mean% ± (SD) F-value P-value 
Pulp 9 5.16(0.69) 724.57 0.0001*** 
Liquor 9 12.75 (0.49) 

724.57 0.0001*** 

*** Significant at the 99.99% level 

Table 3. Crude fat in cocoa liquor and pulp for each month 
Samples: June % crude fat dry wt mean ( SD) F value P-value 
Pulp 29.27(1.73) 638.8 0.000*** 
Liquor 60.58(1.18) 
Samples: July 
Pulp 15.85 ( 1.80) 256.7 0.001** 
Liquor 55.60 (3.05) 
Sample: August 
Pulp 18.27 (4.67) 242.8 0.0001*** 
Liquor 61.23 ( 1.01) 
*** Significant at the 99.99% level 
"""Significant at the 99% level 
(moisture content of cocoa pulp = 74.73% and cocoa liquour = 9.19%) 
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In Table 3, the mean scores afor the % ether extract (crude fat, dry wt basis) were 
significantly different (P<0.001 ) for cocoa liquor and cocoa pulp over the three months. 

Table 4. Mean Crude Fat (%) Extract between Cocoa Pulp and Cocoa Liquour. 
Samples # of samples % Crude Fat SD F-value P-value 

Pulp 9 21.82 (6.67) 229.8 0.0001*** 
Liquor 9 59.14(3.18) 
*** Significant at the 99.99% level 
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Table 5. Differences in trace minerals in cocoa liquour and cocoa pulp. 

Trace mineral Cocoa liquor dry wt 
means, ppm (wet wt) 

Cocoa pulp dry wt means, 
ppm (wet wt) P-value 

Cadmium (Cd) 1.50 (0.51) 1.61 (0.16) 0.875 

Iron (Fe) 35.4 (11.97) 23.97 (2.42) 0.018* 

Copper (Cu) 23.4 (7.91) 21.67 (2.19) 0.72 

Manganese (Mn) 1.94 (0.66) 9.46 (0.96) 0.035* 

Zinc (Zn) 74.5 (25.19) 32.49 (3.29) 0.0001*** 

Sodium (Na) 240.9(81.46) 484.4 (49.03) 0.003* 

Potassium (K) 6526 (2206.8) 8427.0(853.10) 0.046* 

Calcium (Cd) 1363 (460.65) 1600.0 (161.97) 0.29 

Magnesium (Mg) 2414(816.02) 1518.0 (153.67) 0.0001*** 
*** Significant at the 99.99% level 

*Significant at the 95% level 

Table 6. pH values of cocoa liquor and cocoa pulp. 
Sample pH (average) 
June cocoa liquor 5.2 
July cocoa liquor 5.1 
August cocoa liquor 5.3 
June cocoa pulp 3.6 
July cocoa pulp 3.9 
August cocoa pulp 3.9 
10 gram cocoa pulp beverage 4.6 
15 gram cocoa pulp beverage 4.5 

Table 7. Total soluble solids of cocoa pulp over a 3 month period and carbonated 
cocoa pulp beverage. 
Sample Soluble Solids, °Brix 
June cocoa pulp 12.1 
July cocoa pulp 14.0 
August cocoa pulp 15.9 
10 g carbonated beverage 15.0 
15 g carbonated beverage 13.1 
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Table 8. Sensory attributes of the cocoa beverages with varying levels of cocoa 
P"IP-
Sensory attributes Means ±SE P-value 
Appearance 15g/L 6.36±0.55 0.889 
Appearance 10g/L 6.29±0.13 

0.889 

Colour 15g/L 6.37±0.55 0.905 
Colourl 10g/L 6.31±0.13 

0.905 

Taste 15g/L 6.23±0.55 0.983 
Taste 10g/L 6.31±0.14 

0.983 

Flavour 15g/L 6.89±0.77 0.502 
Flavour 10g/L 6.37±0.14 

0.502 

Consistency 15g/L 7.25±0.74 0.743 
Consistency 10g/L 7.07±0.55 

0.743 

Acceptability 15g/L 7.19±0.77 0.925 

erately; 5-neither 
Acceptability 10g/I 
9-like extremely; 8-like very much; 

7.14±0.55 
7-like extremely; 6-like mod 

0.925 

erately; 5-neither 
dislike; 4 -dislike slightly; 3-dislike moderately; 2-dislike very much; 1-dislike extremely 

Table 9. Microbial analysis of dried and fermented cocoa beans. 
Agar Dilution: 10Λ1 Dilution:! 02 Dilution: 10a 

PDA >300 >300 >300 >300 70 70 
PCA >300 >300 >300 >300 120 120 
EMBA 0 0 0 0 0 0 
MSA 0 0 0 0 0 0 

Plate count agar (PCA) for total aerobes : 120 χ 10 cfu/g 
Mannitol Salt agar (MSA) for Staphylococcus 
Eosin Methylene Blue Agar (EMBA) for fecal conforms 
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QUANTITATIVE ASSESSMENT OF MORPHOLOGICAL VARIATION IN A 
BREADFRUIT {ARTOCARPUS ALTILIS) GERMPLASM COLLECTION AT THE UWI, 
TRINIDAD AND TOBAGO 

O.O. Daley and L. Β. Roberts-Nkrumah, Department of Food Production, The University 
of the West Indies, Trinidad and Tobago 

ABSTRACT: Breadfruit (Artocarpus altilis) remains an important yet underutilized 
source of carbohydrate in the Caribbean since its introduction in 1793. The degree of 
diversity in the Caribbean is generally low, nevertheless hundreds of named cultivars 
have been reported in Oceania and the species displays a high degree of morphological 
diversity. The objective of this study was to examine the patterns of morphological 
variation of 12 breadfruit accessions from different regions of origins at the germplasm 
collection of The University of the West Indies, Trinidad and Tobago. In order to achieve 
this, 25 quantitative characters encompassing vegetative and reproductive plant 
characters were measured between June 2011 and June 2012. The list of descriptors 
includes 13 leaf characters, eight fruit characters and four inflorescence characters. The 
results obtained showed considerable variation for all characters studied with coefficient 
of variation ranging from 7.82% (fruit diameter) to 29.02% (leaf dissection ratio). 
Analysis of variance revealed statistically significant differences (p=0.000) among 
cultivars for all characters. The implications of the results for further characterization, 
the use of descriptors, and germplasm conservation are discussed. 

Introduction 

Breadfruit (Artocarpus altilis) was introduced to the British West Indies in 1793 in a 
deliberate attempt to address the food crisis facing colonies of Britain (Bligh 1976; 
Powell 1973) was previously identified in the Pacific as the main staple of the diet for 
that region. Similarity in climate between the Caribbean and the Pacific and low level of 
management required also contributed to the choice of breadfruit. However, breadfruit 
remained underutilized throughout the Caribbean since the 18th century. There is 
growing interest in this crop as an option for food and nutrition security. It is extensively 
distributed throughout the Caribbean and is commonly observed in scattered or single 
trees in home gardens and along river banks. A few pure stand orchards have been 
established indicative of the growing interest in commercialization. 

Breadfruit is a rich source of carbohydrate (Badrie and Broomes 2010; CFNI 1995; 
Ragone 2007) and is mainly used as a staple (Ragone 2007; Roberts-Nkrumah 2007). 
This dicotyledonous tree is widely distributed throughout the wet tropics with greatest 
genetic diversity in Oceania where the centre of origin and domestication lies (Zerega, 
Ragone, and Motley 2006). Varieties in Oceania include many seeded, few seeded and 
seedless types (Jones et al. 2012). The varieties generally found throughout the 
Caribbean are of the seedless types (Roberts-Nkrumah 2007). 
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Breadfruit germplasm diversity is generally described on the basis of leaf morphology, 
fruit morphology and quality, time of bearing, yield and horticultural requirements 
(Roberts-Nkrumah 1997; Ragone 1991). Various studies have been done to 
characterize breadfruit germplasm in the Pacific (Jones et al. 2012; Zerega, Ragone, 
and Motley 2006; Ragone 1991). Early attempts to describe germplasm in the 
Caribbean started with Dr. Alexander Anderson, curator of the St. Vincent Botanical 
Gardens, who reported six varieties based on observed differences in bearing pattern, 
tree and fruit morphology (Howard 1954). Weir, Tai and Weir (1983) as cited by 
Roberts-Nkrumah (1998) and Webster (2006) described four local varieties in Jamaica. 
Roberts-Nkrumah (1997) reported 25 varietal names in St. Vincent which she 
suggested was unexpectedly high. These efforts in the Caribbean did not use 
standardize techniques and there is still uncertainty about the diversity of existing 
germplasm. 

The breadfruit germplasm collection at the University of the West Indies, Trinidad and 
Tobago has accessions from across the Caribbean region and also from the Pacific. 
This collection has proven to be very valuable in the study and understanding of 
different aspects of breadfruit phenology, physiology, agronomy and horticultural 
requirements. Nevertheless, to better utilize the genetic potential of this collection, there 
is a need for detailed knowledge such as characterization and classification of the 
accessions. 

The objective of this study was to determine the patterns of morphological variation for 
25 quantitative characters in 12 accessions of breadfruit from the germplasm collection 
at the University of the West Indies, Trinidad and Tobago. 

Materials and Methods 

Plant Materials 

A total of 12 breadfruit accessions from the germplasm collection held at the University 
of the West Indies Field Station (UFS) were used in this study. The UFS is situated at 
an elevation of 5.79 m at geographic coordinates 10° 38.376'N, 061° 25.790' W and 
experiences a mean annual maximum and minimum air temperature of 31.42°C and 
21.47°C, respectively. It also receives a mean annual rainfall of 1536.52mm and mean 
daily sunshine of 7.05 hr. The soil type in the collection is River Estate Loam, a free 
draining alluvial soil with a pH near neutral to slightly acidic with moderately good 
nitrogen content, adequate supply of calcium and magnesium but low in phosphorous 
and potassium (Brown and Bally 1970). 

Data Collection 

To understand the pattern of morphological variation 25 quantitative characteristics 
encompassing vegetative and reproductive plant features were measured between 
June 2011 and June 2012.The list of descriptors included 13 leaf characters, eight fruit 
characters and four inflorescence characters. Leaf descriptors were taken from fully 
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expanded leaves at the third node from the distal end of mature branches at varying 
heights from four quadrants of the canopy. Fruit descriptors were collected from fully 
mature unripe fruits. Inflorescence descriptors were collected from inflorescences which 
recently dehisced and showed no sign of deterioration. Each descriptor was measured 
12 times for each accession. 

Table 1. Morphological descriptors used for breadfruit germplasm characterization . 
Quantitative Descriptor Abbreviation Collection method 
Leaf length (cm) 

Leaf width (cm) 

Distance to width (cm) 

Leaf width to length ratio 
Leaf width at halfway point 
(cm) 
Leaf petiole length (cm) 

Leaf petiole diameter (cm) 
Leaf right lobes number 
Leaf left lobes number 
Leaf total lobes 
Average lobe length (cm) 
Average sinus depth (cm) 
Dissection ratio 

LL 

LW 

DTW 

W:L 
WHL 

LPL 

LPD 
RLO 
LLO 
TLO 
ALL 
ASD 
DR 

MIL Male inflorescence length 
(cm) 
Male inflorescence diameter MID 
(cm) 
Male inflorescence Ml PL 
peduncle length 
(cm) 

Male inflorescence MIPD 
peduncle diameter (cm) 
Fruit weight (g) FW 
Fruit length (cm) FL 

Fruit diameter(cm) FD 
Average pulp thickness APT 
(cm) 
Fruit core length (cm) FCL 

Fruit core diameter (cm) FCD 
Fruit peduncle length (cm) FPL 

Fruit peduncle diameter FPD 
(cm) 

Length of leaf lamina not including petiole from apex to 
base 
Width at the widest part of the leaf measured at 
perpendicular angle to leaf petiole 
Distance from leaf base to the widest point of the leaf 
lamina 
Leaf width divided by its length 
The width of the leaf at halfway the length of the lamina 
measured from the leaf base 
Measured from the base of the lamina to the end of the 
petiole 
The diameter of the petiole measured at half its length 
The number of lobes on the right side of the leaf 
The number of lobes on the left side of the leaf 
The total number of lobes including the terminal lobe 
Average length of all lobes from midrib to lobe apices 
Average depth of all sinuses 
The ratio of average lobe length (ALL) to average sinus 
depth (ASD) 
The length of the inflorescence not including the length 
of the petiole 
The diameter of the inflorescence at half its length 

The length from the base of the inflorescence to the 
end of the peduncle 

The diameter of the male inflorescence peduncle at 
half its length 
The weight of the whole fruit including peduncle 
Length of fruit from proximal to distal end not including 
petiole 
Width taken at half fruit length 
The average of three readings from core to skin 
collected 
Length of core from where petiole connects to the fruit 
to the end of the core 
Diameter of core at its widest point 
Length of peduncle from the point where it joins the 
fruit to the end 
Diameter of fruit peduncle at halfway its length 

(Jones et al. 2012; Bioversity International and (NTBG) 2009; Roberts-Nkrumah 1997; Ragone 1991) 
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Statistical Analysis 

The mean distribution, standard deviation and coefficient of variation were calculated for 
the quantitative traits for each accession. Analysis of variance (ANOVA) was carried out 
to see if there were significant differences among each quantitative descriptor among 
cultivars. Pairwise comparison of means was done using Tukey's test when significant 
differences were detected. Minitab 16 statistical software was used to perform all 
analyses. 

Results 

Analysis of variance revealed statistically significant differences (p<0.001) among the 12 
cultivars for all characters assessed. The most variable characters were average sinus 
depth (40.03%), and dissection ratio (37.69%). Characters with the least variation 
included fruit diameter (7.28%) and leaf width to length ratio (9.56%). 

Pairwise comparison of means using Tukey's test showed different groupings for the 12 
accessions for each of the characters assessed. The highest number of groupings was 
recorded for average lobe length with seven groups followed by average sinus depth 
with six groups. Fruit length and leaf petiole length recorded the lowest number of 
groups with only two groups each. 

Results of fruit descriptors indicated that mean fruit weight ranged from 1.43 kg 
(SE±0.73) for SV3 to 2.23 kg (SE ± 0.11) for No.24. Mean fruit length ranged from 14.03 
cm (SE±0.60) for JA4 to 21.95 cm (SE±0.46) for No.24. Accession No. 24 also had the 
highest mean fruit diameter of 15.95 cm (SE±0.33) and accession JA1 had the lowest 
mean fruit diameter of 13.71 cm (SE±0.245). Mean core length range from 7.22 cm 
(SE±0.28) for J A4, to 14.29 cm (SE±0.71) for JA1. Accession No.25 had the highest 
mean core diameter of 4.12 cm (SE±0.09) while accession JA1 had the lowest (3.44 cm 
SE±0.08). Average flesh thickness which is the average of three readings taken from 
dissected fruits on both sides of the core and at the distal end from skin to core range 
from mean of 4.84 cm (SE±0.15) for JA1 to 6.23 cm (SE±0.16) in No.24. Accession 
No.24 also had the highest mean fruit peduncle length (10.68 cm SE±0.29) and highest 
mean fruit peduncle diameter (1.91 cm SE±0.02). The lowest mean fruit peduncle 
length was observed in JA1 (6.91 cm SE±0.21) and the lowest mean fruit peduncle 
diameter was observed in JA4 (1.58 cm SE±0.03). 

Analysis of each accession revealed that mean inflorescence length ranged from 16.56 
cm (SE± 1.34) for JA2 to 26.96 cm (SE±1.26) for No.24. Accession No.24 also had the 
highest mean inflorescence diameter (4.54 cm SE±0.21) and highest mean 
inflorescence peduncle length (6.08 cm SE±0.24). Accession JA1 had the lowest mean 
inflorescence diameter (2.78 cm SE±0.10) and lowest mean inflorescence peduncle 
length (3.02 cm SE±0.26). The mean inflorescence peduncle diameter ranged from 0.95 
cm (SE±0.02) to 1.17 cm (SE±0.02) for accession No.24 and SV5, respectively. 
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Highest mean leaf length was 50.93 cm (SE±1.01) for accession SV5 and the lowest 
mean leaf length was 40.11 cm (SE±1.41) for No.24. Highest and lowest mean leaf 
width of 40.20 cm (SE±1.62) and 31.35 cm (SE±0.61) was observed for SV1 and JA1, 
respectively. Accession LW1 had the highest mean distance to width (31.09 cm 
SE±1.24) while JA1 had the lowest (21.91 cm SE±1.25). Highest mean width at half 
length was observed in SV1 (38.55cm SE±1.57) and the lowest of 27.58 cm (SE±1.16) 
was observed for J4. Mean width to length ratio ranged from 0.714 (SE±0.012) to 0.875 
(SE±0.015) with No.4 and No.24 accounting for the highest and lowest respectively. 
Mean petiole length ranged from the lowest of 4.71 cm (SE±0.108) in Y5 to the highest 
of 5.85 cm (SE±0.291 ) in No.25. Mean petiole diameter was highest in SV5 (1.23cm 
SE±0.032) and lowest in JA4 (0.90cm SE±0.37). With reference to leaf lobes, No.24 
had the highest mean for number of left lobes (4.17 SE±0.11), number of right lobes 
(4.17 SE±0.17) and total lobe count 8.08 (SE± 0.08). Accession Y5, accounted for the 
lowest mean number of left lobes (3.417 SE±0.149) while SV3 had the lowest mean for 
numbers of right lobes (3.17 SE±0.112) and lowest mean total lobes (6.25 SE±0.13). 
Highest mean average lobe length was 24.31 cm (SE±0.55) recorded for SV5 while the 
lowest was 18.73 cm (SE±0.36) recorded for No.4. Highest mean Average distance 
from sinus to midrib was recorded in SV1 (6.74 SE±0.24) and the lowest for JA4 (1.34 
SE±0.05). Mean dissection ratio ranged from 0.06 (SE±0.00) in JA4 to 0.29 (SE±0.01) 
in JA1. 

Table 2. Descriptive statistics, coefficient of variation (CV) and p-values for 25 
breadfruit descriptors. 

Characters Mean+ SD CV P- value T u k e y ' s M u
f ' ^ l e C o m P a r i s o n 

r\τ M û o n e 

LL 45.04+5.33 11.82 0.000 5 
LW 33.83+4.66 13.76 0.000 5 
DTW 26.43+5.34 20.2 0.000 3 
WHL 31.56+5.07 16.05 0.000 5 
W:L 0.75+0.07 9.56 0.000 4 
LPL 5.15+0.78 15.08 0.000 2 
LPD 1.02+0.11 10.93 0.000 3 
LLO 3.25+1.16 35.54 0.000 4 
RLO 3.31+1.19 35.82 0.000 4 
TLO 6.56+2.27 34.54 0.000 4 
ALL 20.45+7.22 35.29 0.000 7 
ASD 4.75+1.90 40.03 0.000 6 
LDR 0.21+0.08 37.69 0.000 5 
MIL 20.81+4.43 21.29 0.000 5 
MID 3.41+0.62 18.28 0.000 5 
MIPL 4.32+1.00 23.17 0.000 4 
MIPD 1.05+0.12 11.93 0.000 3 
FW 1.65+0.34 20.59 0.000 4 
FL 17.18+2.38 13.83 0.000 2 
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FD 
FCL 
FCD 
APT 
FPL 
FPD 

14.94+1.09 
9.81+2.14 
3.80+0.37 
5.57+0.61 
8.81+1.31 
1.75+0.17 

7.28 0.000 
21.81 0.000 

9.77 0.000 
10.96 0.000 
14.89 0.000 
9.85 0.000 

3 
3 
3 
3 
4 
5 

Discussion 

In this study, all 25 descriptors showed statistically significant difference among the 12 
accessions, therefore, all appeared to be useful identifiers of breadfruit germplasm. 
Leaf descriptors had coefficients of variation ranging from 9.56% to 40.03% which 
indicated a great disparity between the variations observed among the descriptors. The 
coefficients of variation for reproductive descriptors ranged from 7.28% to 23.17%. 
Generally, the descriptors assessed showed a wide range of variability which ultimately 
would help to determine their usefulness and reliability in characterizing breadfruit 
germplasm. Similar findings were reported in the Pacific where Ragone (1991) reported 
that there was great variability even within clones of breadfruit which could be attributed 
to environment and developmental factors. 

In deciding on the most useful descriptor, the ease of measure as well as the levels of 
variations within the descriptor becomes important. In the present study, the results 
suggest that even among a small number of accessions there was still a high level of 
quantitative morphological variation. Leaf descriptors generally had the highest levels of 
variation. Sinus depth in breadfruit may range from non-existent in cultivars with no 
lobes to very high in very deeply lobes cultivars. Cultivar JA3 which was significantly 
different from all the other accessions in terms of leaf morphology had only a few lobes 
and was only slightly lobed. 

Different breadfruit descriptors exhibited different levels of variability, a factor which is 
critical in choosing suitable descriptors to characterize germplasm especially where 
resources are limited and the researcher is seeking to capture useful data with minimum 
descriptors. In general, fruit and inflorescence descriptors showed the lowest levels of 
variation. The coefficient of variation for fruit diameter was the lowest for all descriptors 
at 7.28%. The most variable reproductive descriptor was male inflorescence. 

When formulating strategies for crop commercialization and conservation, information 
on diversity patterns is very important. Breadfruit has been in the Caribbean for over two 
hundred years, but there is very limited information on the diversity of existing cultivars. 
The establishment of the germplasm collection at the University of the West Indies, 
Trinidad and Tobago, offers a tremendous opportunity to widen the germplasm base of 
the region and provide a platform on which to build a strong and sustainable breadfruit 
industry. However, efficient utilization of this collection requires detailed knowledge of 
the collection including characterization and classification. The current study focused 
on quantitative descriptors which were relatively easy to use and standardized. Other 
categories of descriptors such as qualitative, biochemical and molecular markers may 
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be combined with the information obtained from quantitative descriptors to provide more 
reliable description of the cultivars that exist in the Caribbean and the University of the 
West Indies germplasm collection. Additionally, multivariate methods of data analysis 
such cluster analysis and principal component analysis can be used to expand our 
understanding of the patterns of diversity in the existing germplasm. 

Conclusion 

There were significant differences among breadfruit accessions at the UFS on the basis 
of quantitative fruit and leaf descriptors. The descriptors used had different levels of 
variation. 
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REGISTRATION OF CROP PROTECTION CHEMICALS FOR SPECIALTY CROPS: 
IR-4 PROJECT IN PUERTO RICO 

M. Samuel-Foo1 and W. Robles2. department of Food Science and Human Nutrition, 
University of Florida, United States of America, 2Department of Crop Science, University 
of Puerto Rico, Puerto Rico 

ABSTRACT: The IR-4 project was established in 1963 and its mission is to facilitate the 
regulatory approval of crop protection chemicals for growers of specialty crops and 
minor uses. Specialty crops by definition are high value crops that are gown on limited 
acreages (usually 300,000 acres or less). Specialty crop growers often are at a 
disadvantage relative to crops farmed on larger scale acreages (major crops) in having 
access to effective crop chemical solutions to control against common agricultural 
pests. Specialty crops make up about 40 percent of the total value of U.S. crop 
production and include both food and ornamental crops. These afford insufficient 
economic incentives for pesticide companies to support initial or continuing registration 
of commercial pesticides. IR-4 fills this niche to help minor crop farmers. Potential 
researchable projects are prioritized each year at IR-4's annual Food Use Workshop. 
From there, field trials are assigned to research centers where the target chemical is 
applied in a manner that simulates commercial production practices. Samples are 
harvested at maturity and are shipped to an analytical residue laboratory where the 
amount of chemical remaining in the crop is determined. All MRL (maximum residue 
level) field trials are conducted according the US Environmental Protection Agency's 
(EPA) good laboratory practices (GLP) guidelines. In 2012, four MRL GLP field trials 
were conducted at the University of Puerto Rico Mayaguez. This presentation and 
subsequent paper will highlight what's involved in conducting a field trial according to 
GLPs, using the trials done at the University of Puerto Rico for reference. 

Keywords: Crop Protection, Chemicals, Specialty Crops, IR-4. 
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DEVELOPMENT OF AN OPEN POLLINATED PUMPKIN VARIETY (CES STARZ) 
WITH UNIFORM SHAPE, SKIN COLOUR AND QUALITY CHARACTERS FOR THE 
EXPORT MARKET 

A. Beekham, R. Ramdin, S. Deen, T. Jackson, and S. Nandlal. Research Division, 
Central Experiment Station, Ministry of Food Production, Trinidad and Tobago 

ABSTRACT: Pumpkin is one of the crops grown in Trinidad and Tobago with a 
competitive advantage in the export market. A sector analysis conducted in 2005 
identified the instability of cultivars leading to irregular shapes and sizes as one of the 
major weakness affecting the export market. A survey of producers/exporters revealed 
that the main characteristics required for export were smooth, cream/green coloured 
skin with thick, yellow/orange, sweet flesh. A number of fruits were collected and 
evaluated for the desired physical and quality characters. A breeding programme was 
developed using a Phenotypic Assortive Mating Design and Mass Selection to improve 
the uniformity of the varieties grown in Trinidad and Tobago. The 
characterization/evaluation data collected for this project included the following: skin 
colour (primary, secondary), flesh thickness, colour, flavour, moisture, texture, fruit 
shape, weight, fruit skin texture, diameter, length, skin hardness, cavity diameter, 
number of seeds/fruit, flesh moisture, total soluble solids and % dry matter. After six 
generations of breeding and selection the variety CES STARZ was developed with 
79.7% uniformity with respect to fruit shape, skin and flesh colour in addition to 
improvement in sweetness and dryness. 

Introduction 

Pumpkin has been selected as one of the crops with a competitive advantage in the 
export market. Imperative to this program is the availability of desirable varieties for 
farmers. In 2000, farmers and exporters expressed a need for a variety of pumpkin, 
which was best suited for the export market. 

A sector analysis by Vassel Stewart (2005) identified one of the major weakness of the 
pumpkin export market was the instability of cultivars leading to irregular shapes and 
sizes. Discussions in 2007 with National Marketing Development Cooperation 
(NAMDEVCO) further confirmed a high degree of variability with respect to shape and 
colour of pumpkins for export. Packaging for shipping was less than ideal given the 
variability of fruit shapes; 2-3 fruits with a total weight of approx. 23 kg are normally 
shipped in nylon crocus bags. This variability in shape allows for movement of fruits in 
bags during transport and thereby encourages bruising and damage to fruits. 

The high degree of variability that exists in pumpkin is due to the monoecious flowering 
habit of the crop and the method of pollination. Out crossing is very high because the 
staminate and pistillate flowers are borne on separate parts of the plant. Additionally, 
the flowers are bright yellow and large and are very attractive to pollinating insects. The 
minimum isolation distance to produce pure seeds is 1 km (Tunwar and Singh 1988). 
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The major objective of this project was to produce an open pollinated pumpkin variety 
with uniform shape, skin colour and flesh colour while maintaining/improving sweetness 
and dry matter content. 

Materials and Methods 

A survey was first done in 2007 to determine the characteristics of the variety required 
for the export market. Following the survey, seven fruits with the desired characteristics 
were collected from export farmers in Wallerfield, Cunupia, the Ministry of Food 
Production and the NAMDEVCO packing house. The seven parents were planted and 
harvested fruits assessed to determine the variability in fruit shape. 

Manual pollination was then carried out using a half diallel mating design for two 
consecutive years. Crosses were covered using organza bags under field conditions. 
Intensive rouging was carried out to remove off types. Fruits were harvested and 
morphologically and biochemically characterized using the IBPGRI descriptor list for 
pumpkin which included the following: skin colour (primary, secondary), flesh thickness, 
colour, flavour, moisture, texture, fruit shape, weight, fruit skin texture, diameter, length, 
skin hardness, cavity diameter, number of seeds/fruit, flesh moisture, total soluble solids 
(raw and cooked) and % dry matter. 

Mass selection of fruits was then carried out to select the best fruits conforming to the 
following traits: Flesh thickness > 50 mm, fruit weight 9-11 kg, flesh colour -orange to 
dark yellow, fruit skin colour- speckled, fruit shape- flat, total soluble solids (raw)- >8, 
percentage dry matter - >10, number of seeds>200. 

The third planting was an evaluation exercise to determine the progress of the project 
with respect to uniformity. In 2009, the two best lines were selected for further breeding 
within lines and among lines followed by another evaluation exercise (6th planting) to 
evaluate the progress of uniformity. Ninety (90) crosses were made, fruits were 
harvested and morphologically and biochemically characterized. The forty (40) best 
lines were chosen for further evaluation. 

Results and Discussion 

The results of the survey revealed that the majority of exporters preferred flat, smooth, 
cream skinned fruits (Tables 1, 2 and 3). 

Tablel. Preference for Fruit Skin Colour. 
Skin Colour Percentage (%) 
Green 13.0 
Cream 60.9 
Yellow 17.4 
Mixed 8.7 
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Table 2 shows that 77.8% of the respondents felt that smooth fruit skin texture was 
preferred by the export market. The major reason for this choice was due to the 
decreased prevalence of pests and diseases when compared to fruits with warty skin 
texture. 

Table 2. Preference for Skin texture. 
Fruit texture Percentage (%) 
Smooth 77.8 
Warty 19.5 
Other 2.7 

With respect to fruit shape, 36.1% preferred flat fruit shape, 25% preferred globular 
shape and 30.5% said mixed shapes (Table 3). The decision to focus development of a 
variety with flat shape was taken to attempt to minimize damage due to packaging 
during shipping and handling. 

Table 3. Preference for fruit shape. 
Fruit Shape Percentage (%) 
Globular 25 
Flat 36.1 
Acorn 2.8 
Pryiform 5.6 
Mixed 30.5 

Additionally, 92% of respondents felt that the export market preferred fruits with thick 
flesh. 

Parental Lines 

Seeds from the seven parental lines were bulked and planted to determine the 
variability at the start of the project. The progeny was grouped into categories based on 
shape (Table 4). The evaluation of the parents produced 9.7% of flat, 33.9% of flat high, 
16.1% acorn and 14.5% globular fruits (Table 4). 

Table 4. Percentage of fruit shapes in the parental lines. 
Fruit Shape Percentage of fruits 
Long 6.4% 
Acorn 16.1% 
Flat high 33.9% 
Flat 9.7% 
Globular 14.5% 
Mixed 19.4% 
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1st Evaluation of Crosses 

The first evaluation exercise conducted after two cycles of crossing revealed that three 
of the lines produced all flat fruits. One plant each was removed from three lines and 
two plants were removed from three beds. Of the 18 beds planted nine beds required 
the removal of greater than three plants (Table 5). 

Table 5. Number of plants removed per bed in the first evaluation exercise. 
Number of plants removed % vines removed * Number of beds 
None 0% 3 
One 2.4%,3.3%,3.3% 3 
Two 6.7%,6.7%,6.7% 3 
Three 7.1%, 7.1 % 2 
Four 13.3%,11.1%, 10.5%, 3 
> Five 19%,38,%,33.3%, 11.9% 4 
'28-42 plants /plot 

2nd Evaluation of Uniformity Exercise (6th Planting) 

The crosses produced from the two best lines from the 4th planting were evaluated to 
assess uniformity. This second evaluation cycle revealed a vast increase in the number 
of uniform beds with flat fruits. 60% of the beds produced either all flat fruits or beds 
with one plant removed indicating a trend towards uniformity of the variety (Table 6). 

Table 6. Number of plants removed per bed in the first evaluation exercise 

Number of plants removed Number of beds 
None 14 
One 10 
Two 1 
Three 6 
Four 3 
> Five 6 

Selection Gains 

Selection gains were made in fruit shape, flesh thickness, total soluble solids and dry 
matter percentages (Figure 1,2,3). 

The average dry matter % increased from 9.53± 0.26 from the 1st planting to 10.14± 
0.19 by the 6 th planting (Figure 1.). 
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Figure 1. Average Dry Matter %. 

The average total soluble solids value increased from 7.93± 0.17 from the 1st planting 
to 8.477± 0.13 by the 6th planting (Figure 2.). 

Average Total Soluble Solids (raw) from 
1st to 6th planting 

10 

Planting 

Figure 2. Average Total Soluble Solids. 

The average flesh thickness increased from 48.09±1.59 from the 1st planting to 
57.89±1.22 by the 6 th planting (Figure 3). It should be noted that the 4th planting 
produced the highest average flesh thickness of 67.99±1.04. This indicates that the 
lines grown in the 4th season produced higher flesh thickness than the two lines chosen 
to continue the project. The two lines chosen to continue improvement did however lead 
to increased total soluble solids and dry matter % as well as produce fruits with the 
desired fruit shape and colour desired by the export market. 
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Figure 3. Average Flesh thickness. 

The percentage of flat high fruits decreased from 33.9% to 19.53% flat fruits increased 
from 9.7% from the original parents (Table 4) to 79.7% (Table 6). 

Table 6. Evaluation of Uniformity Trial June 2013. 

Fruit Shape Percentage of fruits 
Long 0% 
Acorn 0% 
Flat high 19.53% 
Flat 79.69% 
Globular 0.78% 

Conclusion 

The original parental lines produced a high degree of heterozygosity which stabilized 
markedly after the end of the project. The variety CES STARZ is 79.7% true to type with 
respect to fruit shape. Average flesh thickness, total soluble solids and percentage dry 
matter all increased at the end of the project. 
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THE EFFECT OF PLANT GROWTH REGULATORS AND SCION CULTIVARS ON 
THE BREADFRUIT-CHATAIGNE GRAFT UNION 

F.K. Solomon Jr1., L.B. Roberts-Nkrumah1, and J.A. Rouse-Miller2. 1 Department of Food 
Production, Faculty of Food and Agriculture, 2Department of Life Sciences, Faculty of 
Science and Technology. The University of the West Indies, St. Augustine, Trinidad and 
Tobago 

ABSTRACT: Grafting breadfruit (Artocarpus altilis) on chataigne (Artocarpus camansi) 
rootstock has the potential to be used as a commercial propagation method to increase 
the supply of breadfruit within the Caribbean and the environmental distribution of 
breadfruit trees. However, variable success in grafting these two species has been 
reported and the impact of important factors on successful grafting has not been 
elucidated. This study aimed to evaluate the effect of the plant growth regulators -
Indole butyric acid (IBA) and 6-benzylaminopurine (BAP) - and the cultivar of the scion 
on the breadfruit-chataigne graft union. Scion was taken from three breadfruit cultivars 
'Yellow' and 'White' from Trinidad and Tobago, and 'JA1', a Jamaican accession, and 
from chataigne, the control. IBA treatments (100 ppm and 200 ppm) and BAP treatment 
(200 ppm) negatively affected (P < 0.05) length of survival of the newly grafted plants 
compared with the control (0 ppm). Grafted plants with 'White' and chataigne scion 
cultivars generally survived longer (P < 0.05) than grafts with other cultivars. Therefore, 
genetic differences among the breadfruit scions clearly influenced successful grafting of 
breadfruit on chataigne rootstock. The basis of these differences and the effects of 
PGRs on the grafting these species require further investigation. 

Keywords: Artocarpus altilis, Artocarpus camansi, propagation, grafting. 

Introduction 

The breadfruit (Artocarpus altilis), with an estimated potential productivity of 50 t/ha/yr 
(Roberts-Nkrumah, 1998) and good nutritional value (Graham and Negron de Bravo, 
1981), especially as a local source of carbohydrates, has significant potential for 
commercial production. However, constraints to commercialization include a decline 
disease of mature trees and limitations associated with vegetative propagation. 

Breadfruit decline was reported in the Pacific and the Caribbean (Zaiger and Zentmyer, 
1966; Trujillo, 1971; Weir et al., 1982; Hodges and Tenario, 1984; Coates-Beckford and 
Pereira, 1992). Within the Caribbean, weakly pathogenic organisms were associated 
with affected trees (Coates-Beckford and Pereira, 1992). Trujillo (1971) suggested that 
the decline could not be attributable entirely to minor pathogens, but must also involve a 
f environmental factors including drought and saline ground water. In a recent survey of 
breadfruit and chataigne {A. camansi) in Trinidad and Tobago, it was noticed that tree 
decline was more prevalent in wetter regions where the breadfruit tree population was 
higher than in the drier areas, and that chataigne was much less affected. 
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Due to seedlessness, breadfruit in the Caribbean can be propagated only vegetatively. 
The most common methods produce adventitious shoots that develop on shallow roots 
and supply relatively limited quantity of young trees. Chataigne, however, is seeded and 
can produce a larger number of new plants with a tap root system. Grafting breadfruit 
on chataigne rootstocks to confer tolerance to tree decline and to produce larger 
amounts of planting material considerably improves the prospects for 
commercialization. One remaining obstacle is the reported highly variable level of 
success achieved by grafting these two closely-related species (Zerega et al., 2004). 

There are several factors influencing successful grafting, among which are cultivar and 
plant growth regulators (Hartmann et al. 2011). Among reports of grafting breadfruit 
onto chataigne rootstock, Medagoda and Chandrarathna (2007) obtained a high 
success rate of 83% on 45-day-old rootstock. However, they cited Wester, as reporting 
that attempts at grafting these species had failed. Solomon Jr. and Roberts-Nkrumah 
(2008) evaluated the effect of rootstock age, grafting technique and scion cultivar on 
grafting breadfruit on chataigne. They reported a maximum success rate of only 28% 
and concluded that, under the influence of plant growth regulators, the physiological 
state of the parent plants may play a role in the success of grafting these two species. 

The objective of this study was to evaluate the effect of plant growth regulators and the 
cultivar of the scion on successful grafting of breadfruit on chataigne rootstock. 

Materials and Methods 

Three studies were conducted at the University of the West Indies, St. Augustine 
campus, Trinidad and Tobago, W.I., using planting material from the breadfruit 
germplasm at the University Field Station. The effects of plant growth regulators (PGR) 
and cultivar of scion on the length of survival of grafts were evaluated in three individual 
experiments. All experiments used top wedge grafting on 6-week-old chataigne 
seedlings (Solomon Jr. and Roberts-Nkrumah, 2008). 

In October 2008, an experiment was conducted to examine the effect of the cytokinin, 6-
benzylaminopurine (BAP), on the length of survival of the grafted scion. The variables 
were scion cultivar (three breadfruit cultivars 'Local Yellow', 'Local White' and 'JA1' and 
chataigne as the control) and BAP at 0 ppm and 200 ppm. In a completely randomized 
design, consisting of 10 replicates each of the eight treatment combinations was used. 
In December 2008, using a similar experimental design, a lower concentration of BAP 
(50 ppm) and control (0 ppm) was examined. The experiment conducted in October 
2008 used chataigne seedlings, which ranged between 4.8 mm and 6 mm in stem 
diameter. These seedlings were grown in a soil mixture in potting bags, whereas, in 
subsequent trials, seedlings were grown in Promix™ in Ray Leach seedling cone-tainer 
cells. 

In March 2009 the effect of the auxin, Indole butyric acid (IBA), was evaluated. The 
experimental design consisted of a treatment combination of the same four scion 
cultivars as in the previous experiments and three concentrations (0, 100 and 200 ppm) 
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of IBA, with 10 replicates in a completely randomized design. In all three experiments 
approximately 4 ml of plant growth regulators was applied as a spray to coat the scion 
evenly immediately after grafting. The scion material consisted of axillary shoots with 
lobed leaves and intact terminal meristem. The length and diameter of the scion ranged 
between 5 cm and 10 cm, and 6 and 8 mm respectively. The grafted plants were 
covered with clear plastic bags, which were tied just below the graft union and placed 
under shade in greenhouse. 

Grafting success was measured by the length of survival of the respective grafted scion 
cultivar in all experiments. Analysis of variance was conducted using General Linear 
Model (Minitab® 16) and mean differences were analysed using Least Significant 
Differences in the Statistical Package for Social Science software. 

Results and Discussion 

Effect of Plant Growth Regulators 

In the October 2008 experiment, the grafted scions in the control treatment (0 ppm 
BAP) survived longer (P < 0.05) than those in the 200 ppm BAP treatment (Table 1). 
Although some grafted scions survived for almost 8 weeks, the plants tended to topple 
at the soil level at the point of attachment of the cotyledon to the rootstock axis and the 
scion eventually died. This might be a result of the planting method and planting 
medium, since in subsequent experiments with cone-tainer established seedlings, the 
surviving grafted scions showed no toppling. 

Table 1. Effect of BAP on the length of survival (weeks) of breadfruit and 
chataigne scions at eight weeks after grafting- October 2008 

BAP Treatments 
Scion Cultivar 0 ppm 200 ppm Cultivar Mean 
'Yellow' 2.6 2.8 2.7 dn± 0.4 
'White' 7.8 5.0 6.4 a ±0.43 
'JA1' 4.9 3.6 4.3 c ±0.53 
Chataigne 6.8 4.2 5.5 b ±0.75 
BAP Mean 5.5 a ± 0.5 3.9 b ±0.5 

' Means followed by different letters are significantly (P < 0.05) different by LSD. 

Mean length of survival period of grafted scions was less than two weeks and there was 
no significant difference in length of survival between BAP treatments in the December 
2009 experiment (Table 2). In the March 2009 experiment, the length of survival of the 
grafted scions declined as IBA concentration increased with those in the control 
treatment surviving significantly (P < 0.05) longer than those treated with 200 ppm IBA 
(Table 3). The mean length of survival period was also less than two weeks. 

315 



Table 2. Effect of BAP on the length of survival (weeks) of breadfruit and 
chataigne scions at four weeks after grafting- December 2008 

Scion BAP Treatments _ ... . . ~ ... — Cultivar Mean Cultivar 0 ppm 50 ppm 
'Yellow' 0.9 1.0 0.9 b ±0.12 
'White' 0.9 1.1 1.0 b ± 0.14 
'JA1' 1.4 1.0 1.2 b±0 .13 
Chataigne 3.4 2.9 3.2 a ±0.21 
BAP Mean 
(NS1) 1.7 ±0.16 1.5 ± 0.15 

1NS, means are not significantly (P > 0.05) different by LSD. 

Table 3. Effect of IBA on the length of survival (weeks) of breadfruit and 
chataigne scions at four weeks after grafting- March 2009 

Scion 
IBA Treatments Cultivar 

Mean 
Cultivar 0 

ppm 
100 
ppm 

200 
ppm 

Cultivar 
Mean 

'Yellow' 1.3 0.8 1.1 1.1 c' ±0.16 
'White' 2.4 2.4 1.8 2.2 a ± 0.15 
'JA1' 1.7 1.5 1.1 1.4 b,c ± 0.18 
Chataigne 2.0 2.1 1.1 1.7 b ± 1.26 

1.7b,c 1.3 
IBA 1.9a,b2 ± c ± 
Mean ±0.23 0.23 0.23 

1 Means in the same column followed by different letters are significantly (P < 0.05) different 
by LSD. 
2 Means in the same row followed by different letters are significantly (P < 0.05) different by LSD. 

It was reported that auxins and cytokinins play major roles in the development of the 
graft union (Aloni, 1993; Andrews and Marquez, 1993; Wyzgolik and Piskornik, 2001). 
Two possible factors that might have accounted for longer survival by the scion material 
in the control treatment than those treated with PGRs. Firstly, since there is a close 
relationship between auxin and cytokinin in the development of the graft union (Aloni, 
1993), the concentrations of the applied BAP might have been too high and disrupted 
the cytokinin:auxin ratio required for success, therefore, the unions failed earlier. 
Secondly, Wyzgolik and Piskornik (2001) reported that auxins must be continuously 
supplied to the scion after grafting because auxin-degrading enzymes accumulate at the 
cut surface of the graft union. In this study, a single application of auxin was made, 
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which might not have been sufficient to counteract the effect of these auxin-degrading 
enzymes. 

Effect of Scion Cultivar 

Cultivars differed (P < 0.05) in the mean length of survival of grafted scions in the 
October 2008 experiment (Table 1). 'White' was the longest surviving scion, followed by 
chataigne, whereas in October 2008 'Yellow' had the shortest survival time. The survival 
of scion cultivars, 'Yellow', 'JA1', 'White' and chataigne, at eight weeks after grafting 
was 5, 10, 15 and 15 %, respectively. 

There were no significant differences among breadfruit cultivars in the mean length of 
the survival period in the December 2008 experiment. However, the grafted chataigne 
scions survived significantly longer than the breadfruit scions (Table 2). At the fourth 
week after grafting, the percentage of surviving scions of the breadfruit cultivars and 
chataigne was 0 and 72 %, respectively. 

The scion of 'White' in the March 2009 experiment survived longer (P < 0.05) than those 
of all other cultivars, including chataigne, which ranked second in the length of survival, 
while there were no significant (P < 0.05) difference between 'JA1' and chataigne and 
'Yellow' and 'JA1' (Table 3). The survival of the scion cultivars four weeks post grafting 
was 3, 43, 20 and 26 % for 'Yellow', 'White', 'JA' and chataigne, respectively. 

Therefore, genotype emerged as a significant factor in all three experiments and the 
basis for these differences need further investigations. However, based on the 
differences in length of survival period when grafting was conducted at different times of 
the year, genotype may not be the only important factor that influenced successful 
grafting breadfruit on chataigne rootstock. Solomon Jr. et al. (2012) showed that the 
time of year that the scion material was collected and the post-grafting environment 
were major factors contributing to grafts with a long survival period and high percentage 
success. This was consistent with other studies that showed that time of year influences 
auxin concentrations and cambial activity (Hartmann et al., 2011). 

Conclusion 

The genotype of the scion was clearly a significant factor that influenced successful 
grafting of breadfruit scion on chataigne with 'White' scions generally being the most 
successful and those of 'Yellow' the least successful among the breadfruit scion 
cultivars that were evaluated. Application of cytokinin and auxin to the scion of grafted 
plants negatively affected survival. Since these experiments were conducted at different 
times of the year, further investigations are required to explain the results and to identify 
how time of year during which the scion materials is collected affects successful union. 
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A COMPARATIVE STUDY OF THE YIELDS, EFFICACY OF PRESERVATION 
TECHNIQUES AND THE ECONOMICS OF GROWING PLEUROTUS OSTREATUS 

S. Providence and E.C.D. Turkeyen. Faculty of Agriculture and Forestry, University of 
Guyana, Guyana 

ABSTRACT: Utilization of various agricultural wastes in the production of mushrooms is 
advantageous to increasing incomes in rural areas therefore trials were conducted to 
evaluate yields, efficacy of preservation techniques and the economics of growing 
Pleurotus ostreatus (oyster mushroom) on paddy straw. Four bed amendments were 
evaluated viz., 4%, 3%, 0.051% nitrogen (chicken litter) in combination with 2.949% 
(urea) nitrogen and no amendment. The experiment was conducted in a mushroom 
house and laid out in a complete randomized design. Three flushes were harvested 
from each experimental unit. Significant differences p< .05 were recorded among 4% 
nitrogen, 3% nitrogen and no amendment for the first and third flush while there were no 
significant differences for the second flush. Significant differences p<.05, were recorded 
among treatments for time taken to complete spawn run, emergence of pinheads and 
fruiting bodies. There were no significant differences for average diameter of the third 
flush and flushing intervals after the second flush. However 4% nitrogen recorded the 
highest weight in all three flushes. A sensory evaluation was conducted on fresh and 
vacuum sealed, sun- dried, oven dried and pickled oyster mushrooms. Panelists 
favoured pickled and vacuum sealed oyster mushrooms over the other preservation 
techniques. There were significant differences p<.05, between pickled and vacuum 
sealed oyster mushrooms in terms of appearance and colour. Oyster beds with 4 % 
nitrogen recorded the highest operational cost while no amendment recorded the 
lowest. It was also concluded that yield must be more than half of the bed's weight in 
order to generate profit. 

Keywords: Pleurotus ostreatus, Yields, Sensory Evaluation, Preservation and 
Economics. 
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AN EVALUATION OF DIFFERENT BED COPOSITION ON THE YIELD AND TIME TO 
MATURITY OF Pleurotus ostreatus 

D. Husbands. Faculty of Agriculture and Forestry, University of Guyana, Guyana 

ABSTRACT: In Guyana, the market for mushrooms continues to grow due to interest in 
their nutritional, culinary health, economical in nature. Mushroom also shows potential 
for use in waste management by utilizing lignocellulotic waste from agricultural and 
industrial enterprises to produce a highly nutritious food. This research was carried out 
to evaluate the effects of different lignocellulotic materials on the yield and time to 
maturity of Pleurotus ostreatus. Spawn running, primordial initiation, fruiting body 
formation, and yield of Pleurotus ostreatus on different bed composition were studied. 
The mushroom beds were composed of (1) coconut coir, (2) paddy straw, (3) 70% 
paddy hull + 30% newspaper (4) 70% Paddy straw + 30% newspaper and (5) 
newspaper. The fastest spawn running occurred in (11 days) coconut coir, newspaper 
took 29 days to complete spawn run. Primordial initiation took 17 days in coconut fiber 
while newspaper reported the longest time to primordial initiation, 34 days. Treatment 
one (coconut fiber) reported the shortest time for days to fruit formation (21 days) while 
newspaper reported the longest (37 days). The smallest average size fruiting were 
found in coconut coir 2.68 cm and the largest was found in paddy straw (8.37) and the 
highest yield (82.78 g in two flushes) was realized with the substrate composed of 30% 
newspaper and 70% paddy straw. Mushroom bed materials containing paddy straw are 
best for the production of the edible mushroom Pleurotus ostreatus since straw has an 
excellent water holding capacity that is able to sustain the production of three or more 
flushes, of consistently acceptable yields and size of fruiting bodies; a characteristic not 
evident in the any other bed material used in this study. Since coconut coir showed 
excellent potential by having the shortest spawn running, further research to improve 
yield on this substrate is necessary. 

Keywords: Pleurotus ostreatus, Yield, Maturity, Lignocellulotic Waste Material. 
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AN ASSESMENT OF THE NON-GENETIC FACTORS THAT AFFECT SMALL 
RUMINANT PRODUCTION IN THE TROPICS: THE BLENHEIM SHEEP PROJECT 

K. George1, R. Job2, and G.W. Garcia2. 1 Blenheim Sheep Multiplication and Research 
Project, Blenheim, Trinidad and Tobago, 2Department of Food Production, University of 
the West Indies, Trinidad and Tobago 

ABSTRACT: Blenheim Sheep Multiplication and Research Project epitomize the 
farming systems model in Tobago. Optimum performance of lambs is a crucial factor in 
the sheep industry. In the Blenheim context and by extension the Tobago sheep 
industry, it is critical to ensure that the largest number of lambs survive from each crop. 
However, we recognized that we must go past lamb survival and ensure that lambs 
perform at their highest genetic potential. Such expectations can only be achieved if the 
negative impacts of the non-genetic factors are significantly reduced. Interventions were 
done to achieve this. These interventions included improved animal management, 
housing and floor adjustments, enhanced feeding, adjustments to the lighting and 
watering systems, improved parasite management, systematic weighing and data 
analysis, staff rotation to critical service areas, intensive staff training and staff 
observation forums. This initiative focused on lambs born in the 2011-2012 lambing 
cycle [December 2011 - January 2012], One hundred (100) ewes were exposed to 
rams in July 2011. Ninety (90) ewes proved pregnant and gave birth to 120 lambs. One 
hundred and six (160) were lambs weaned and 95% weighed 10kg or more. The best 
performing lamb weighed 45kg/100lbs in 120 days. This was a remarkable achievement 
after forty years of research work at the station (1972-2012). The findings suggested 
that genetics alone was not the major limiting factor affecting lamb performance. 

Keywords: Non-Genetic Factors, Ruminant, Tropics, Sheep, Case Study. 
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EVALUATION OF TIMED ARTIFICIAL INSEMINATION PROTOCOLS 
IN WATER BUFFALOES IN THE TROPICS 

M. Knights1, N. Lambie2, R. Ramgattie3, D. Singh-Knights1, and N. Siew3. 1 University of 
Trinidad and Tobago, Currently West Virginia University. 2Ministry of Agriculture, 
Trinidad and Tobago. 3University of Trinidad and Tobago 

ABSTRACT: Three experiments were conducted to evaluate the effect of different 
timed artificial insemination (TAI) protocols on pregnancy rate (PR) in water buffaloes 
(.Bubalus bubalis). In experiment 1 the efficacy of a modified ovsynch/GnRH and 
progesterone-based TAI protocols was evaluated. Buffalo cows and heifers (N = 38) 
assigned to Treatment 1 (n=19; ovsynch/GnRH), received an injection of progesterone 
(200 mg, i.m., day-3), three (3) days later (day 0) these animals received an injection of 
GnRH (Cystorelin, 100 Mg, i.m.). Buffaloes assigned to Treatment 2 (n=19; 
progesterone/CIDR-based), received a CIDR device (1.8 g of progesterone, Pfizer, 
Mexico) on Day 0. On Day 7, the CIDR device was removed and all buffaloes (N=38) 
were injected with PGF2a (Lutalyse, 25 mg, i.m, 5 ml/animal i.m; Pfizer Corporation, 
New York, NY). Thirty (30) hours after injection with PGF2a all animals were injected 
with estrogen (estradiol benzoate, 500 ug, i.m.), and 30 h later (60 h post PGF2a) all 
animals were inseminated. Mean pregnancy rate was numerically higher in 
progesterone based (21%) than in GnRH-based (10.5%), though differences did not 
attain statistical significance. Experiment 2 evaluated the effectiveness of different 
ovulation synchronizing treatments. Buffaloes (N=32) were fitted with a controlled 
internal drug releasing (CIDR; 1.8g progesterone, Pfizer) devices for seven days and 
injected with prostaglandin F2a (PGF2a)· Forty eight (48) hours later (Day 9) animals 
were randomly assigned to receive an injection of either estrogen (estradiol benzoate 
500 Mg, i.m.; η = 16) or GnRH (Cystorelin 100 Mg, im; n=16). All animals were 
inseminated 24 h later (72 h post PGF2a)· The mean pregnancy rate obtained was 25% 
and was not affected type of ovulation synchronizing treatment or parity. Experiment 3 
evaluated the necessity of using an ovulation synchronizing agent in TAI protocols, and 
the effect of time of insemination on the PR. Water buffaloes (N=34) were treated as in 
experiment 1 except 48 h after insert removal animals were randomly assigned to 
receive either saline (n=21) or GnRH (n=13). Within treatment groups buffaloes were 
randomly assigned to be inseminated at 60, 72 or both 60 and 72 h after progesterone 
withdrawal. The mean pregnancy rate (41.2%) was not affected by the use of GnRH as 
an ovulation synchronizing agent. The PR of animals inseminated 72 h after CIDR 
removal tended to be higher (P =.10, 67%) than animals inseminated at 60 or at both 60 
and 72 h after progesterone removal. PR also varied significantly with inseminator. The 
use of CIDR-based TAI protocols with insemination at 72 h after insert removal may be 
practical tool in the management of reproduction in water buffaloes in the tropics. 

Introduction 

Water buffaloes (Bubalus bubalis) are well adapted to the climatic and nutritional 
environment and are tolerant to many endo- and ecto-parasites that exist making them 
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ideally suited for the production of meat and milk in developing countries (Reviewed by 
Rastogi and Rastogi, 2004). The water buffalo that exist in Trinidad is considered a 
valuable gene pool and have been exported to several countries including countries in 
the Caribbean, Central and South America, Italy, the USA and Taiwan (Rastogi and 
Rastogi, 2004). Despite the great potential of this animal resource the water buffalo sub-
sector has shown significant contraction over the last two decades in part due to out-
breaks of brucellosis (Fosgate et al., 2002, 2011) associated with uncontrolled natural 
mating and the failure to evaluate and utilize improved genetics. 

In cattle, artificial insemination (Al) has been successfully used instead of natural mating 
to aid in the rapid dissemination of improved genetics and to reduce the risk of 
transmission of sexually transmitted diseases such as brucellosis. However, the use of 
traditional Al in water buffaloes is not as practical as in cattle since the behavioral signs 
of estrus in water buffaloes are less overt than in cattle, homosexual behavior among 
females is rare, and, signs of estrus are predominantly exhibited during the night or 
early morning, and are of short duration under hot and humid conditions (reviewed by 
Perera, 2011). 

Timed artificial insemination (TAI) is a reproductive management technique that utilizes 
exogenous hormones to induce and synchronize the time of ovulation. Therefore, TAI 
negates the need for detection of estrus. Several TAI protocols have been evaluated for 
use in beef and dairy cattle (Stevenson et al., 1999; Macmillan, 2010; Dickson et al., 
2012). The original TAI protocols (Pursely et al., 1995) were based on "turning over" the 
existing dominant follicle through atresia or ovulation with an initial injection of 
gonadotropin releasing hormone (GnRH) followed 7 days later by regression of any 
existing corpus luteum with prostaglandin F2a (PGF2a), followed 48 h later with a second 
injection of GnRH to induce and synchronize ovulation with insemination of all treated 
animals 12-24h after the second GnRH injection. Variation in the pregnancy rate due to 
parity (Dickson et al., 2012) and ovulatory status (Chebel et al., 2006) and concerns 
over the cost of establishing a pregnancy using TAI have resulted in alterations in the 
standard protocol including the application of exogenous progesterone during the time 
from the first GnRH injection and injection of PGF2a (Stevenson et al., 2006); 
replacement of the second GnRH injection with various estrogen analogues (Stevenson 
et al., 2004; Dickson et al., 2012), changes in the timing of insemination as well as the 
inclusion of pre-synchronization treatments. 

TAI has great potential to facilitate the wider use of Al in water buffaloes by obviating 
the need for detection of their less pronounced estrus. Despite significant differences in 
the reproductive cycle of bubaline and bovine animals (Drost, 2007; Perera, 2011) the 
few studies evaluating TAI in water buffaloes have used the general ovsynch/GnRH-
based TAI protocols developed for cattle, and have reported variable pregnancy rates. 
Additionally, only one study have evaluated a progesterone-based TAI protocol. 
Therefore, the objective of this study was to further evaluate the pregnancy rate in water 
buffaloes reared under a humid tropical environment using different TAI protocols. 
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Materials and Methods 

Location and Animals 

The experiments in this study were conducted at the Aripo Livestock Station, located at 
the foothills of the Northern Range in Wallerfield, Trinidad (10°N, 61°31W). The water 
buffaloes used in this study (N = 104) were in fair to good body condition (BCS 3-6) of 
varying parity, postpartum interval, parity and ovulatory status. Animals used in the 
study were reared semi-intensively, grazed on native pastures, with access to wallowing 
ponds. The herd is routinely tested for Brucellosis, Johne's, Tuberculosis and Bovine 
Leukosis Virus (BLV). The Aripo herd of buffaloes is free of Tuberculosis and 
Brucellosis and no clinical cases of Johne's or BLV was detected. Prior to the start of 
experiments pregnancy diagnosis by rectal palpation or ultrasonography was conducted 
but the ovulatory status of non-pregnant animals was not determined. 

Inseminators 

Three technicians employed with the Al service attached to the Ministry of Agriculture 
performed the insemination procedures in all experiments. All but one (1) technician had 
little or no prior experience inseminating buffaloes. 

Experimental Design 

Experiment 1, was conducted to compare the PR/ΑΙ in buffaloes following modified TAI 
protocols in which exogenous progesterone was provided by a controlled intravaginal 
drug releasing (CIDR) device or endogenous progesterone secretion was induced from 
CL formed after injection with GnRH. Buffalo cows and heifers (N = 38) assigned to 
Treatment 1 (n=19), received a modified ovsynch TAI protocol which included an 
injection of progesterone (200 mg, i.m., day-3), and an injection of GnRH (Cystorelin, 
100 Mg, i.m.) three (3) days later (day 0). Buffaloes assigned to Treatment 2 (n=19), 
received a CIDR device (1.8 g of progesterone, Pfizer, Mexico) on Day 0. On Day 7, the 
CIDR device was removed and all buffaloes (N=38) were injected with PGF2a (Lutalyse, 
25 mg, i.m, 5 ml/animal i.m; Pfizer Corporation, New York, NY). Thirty (30) hours after 
injection with PGF2a all animals were injected with estrogen (estradiol benzoate, 500 ug, 
i.m.), and 30 h later (60 h post PGF2a; progesterone withdrawal) all animals were 
inseminated. On day 60 post insemination pregnancy diagnosis was conducted by 
ultrasonography. 

The pregnancy rate in experiment 1 was higher in the progesterone than in the 
ovsynch/GnRH-based treated buffaloes. Therefore, experiment 2 used a 
progesterone/CIDR-based TAI protocol to compare estrogen and GnRH as ovulation 
synchronizing agents. CIDR devices were placed in buffalo cows and heifers (dO, N= 
34). On Day 7 the device was removed and all animals were injected with PGF2a· On 
Day 9, 48 h after injection with PGF2a, cows and heifers were randomly assigned to 
receive either estrogen (estradiol benzoate, 500 Mg, i.m; η =17) or GnRH (Cystorelin, 
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100 μς, i.m; η =17) to synchronize ovulation. All animals were inseminated 24 h later 
(72 h post PGF2a; progesterone withdrawal). 

Experiment 3 was similar to experiment 2, except that saline and GnRH was used as 
ovulating synchronizing agents and, within these treatment groups, animals were 
randomly assigned to be inseminated at 60, 72 or both 60 and 72 h post PGF2a 
injection. Pregnancy diagnosis was conducted by transrectal ultrasonography on day 60 
post insemination. 

Statistical Analysis 

The effect of treatments on pregnancy rate per AI (P/AI) was determined by logistic 
regression using the LOGISTIC procedure of SAS (SAS institute, Inc., NC, USA). The 
statistical model used included the fixed effects of source of progesterone (CIDR vs 
GnRH-induced, Experiment 1) type of ovulation-synchronizing agent (GnRH vs 
estrogen, Experiment 2; Saline vs GnRH, Experiment 3), time of insemination and 
inseminator (Experiment 3) and parity (Experiments 1, 2 and 3) and their interactions. 
No significant interactions were detected so experiments were reanalyzed with only 
main effects. 

Results 

Experiment 1 

The mean PR/ΑΙ in experiment 1 was 15.8% (21 and 10.5% in buffaloes receiving the 
CIDR- and GnRH-based TAI protocols, respectively; Figure 1) and PR/ΑΙ did not differ 
with source of progesterone or parity. 

35 π 

30 

C=25 

GnRH-lnduced CIDR 
Timed AI Protocol1 

1 Progesterone in the TAI protocol was either induced by an injection of GnRH (100 μg) at the beginning 
of treatment or provided from an exogenous source (controlled intravaginal drug releasing device, CIDR, 
1.9 g progesterone) on day 0. 

Figure 1. Pregnancy rate per AI (PR/ΑΙ) following ovsynch/GnRH and 
progesterone/CIDR-based timed artificial insemination (TAI) in water buffaloes 
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Experiments 2 and 3 

The mean PR/ΑΙ in experiment 2 (25%) was not affected by ovulation synchronizing 
agent or parity. The mean pregnancy rate in experiment 3 was 41.2% and was not 
affected by ovulation synchronizing agent (38.1 and 46.2% for animals treated with 
saline or GnRH as the ovulation synchronizing agent, respectively) or parity (54 and 
33% for cows and heifers, respectively). 

The PR/A I was 30.8, 66.7 and 33.3% for animals inseminated at 60, 72 and at both 60 
and 72h after progesterone withdrawal, respectively. Insemination at 72h after 
progesterone withdrawal tended (P= 0.1) to result in higher pregnancy rates than 
insemination at either 60 or at 60 and 72h after progesterone withdrawal. PR/ΑΙ tended 
to vary among inseminators (P = 0.1; range 55 to 14.2%). 
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Ovulation synchronizing treatment1 

1 The Water buffaloes were injected with either GnRH (cystorelin, 100 μ9) or saline 48h after 
CIDR/progesterone removal. 

Figure 2. The effect of gonadotropin releasing hormone (GnRH) when used as an 
ovulation synchronizing treatment in TAI on pregnancy rate per AI (PR/AI). 
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1 Water buffaloes were inseminated at 60, 72 and 60 and 72 hours after withdrawal of progesterone 
(removal of CIDRs and injection with PGF2a) 

Figure 3: Effect of time of insemination1 on pregnancy rate per Al (PR/ΑΙ) following 
timed artificial insemination (TAI) in water buffaloes. 
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Figure 4. Effect of inseminator on pregnancy rate per Al (PR/ΑΙ) following timed 
artificial insemination (TAI) in water buffaloes 

Discussion and Conclusion 

The average pregnancy rate per AI (P/AI) in water buffaloes in this study varied 
between 11 and 46% across treatments, parity and experiments. The overall pregnancy 
rate for progesterone/CIDR-based TAI protocols (Experiments 2 and 3) ranged from 25-
46% and was comparable to pregnancy rates previously reported for buffalo cows 
inseminated following progesterone/CIDR-based (Murugavel et al., 2009) or 
Ovsynch/GnRH-based TAI protocols (Chaikhun et al., 2010; Oropeza et al., 2010) or 
following Al at detected natural estrus (Mirahmoudi et al., 2013; Chaikun et al., 2010) 
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and higher than pregnancy rate observed in heifers following ovsynch TAI (Chaikun et 
al., 2010). 

Overall pregnancy rate did not differ significantly between heifers and cows. Pregnancy 
rates tend to be lower in heifers following ovsynch/GnRH-based TAI in cattle 
(Macmillan, 2010) and buffaloes (Chaikhun et al., 2010). In experiment 3, pregnancy 
rate was 20% higher in cows than heifers, but this difference did not reach statistical 
significance. No previous study comparing fertility in buffalo cows and heifers following 
progesterone-based TAI has been reported in the literature. 

Pregnancy rate was lowest in experiment 1 in which a modified GnRH-based "ovsynch" 
TAI protocol was compared to a progesterone/CIDR-based protocol. Pregnancy rate 
resulting from GnRH-based TAI protocols in anestrous animals is lower due to a 
reduced effectiveness in inducing ovulation and a failure to establish a fully functional 
CL. The ovulatory state of the water buffaloes used in these studies were not 
determined, but it is assumed some animals may have been anovulatory due to 
general body conditions scores (3-6), use of early postpartum cows and the use of 
nulliparous animals. 

The modified ovsynch protocol used in this experiment included an initial injection of 
progesterone prior to injection of GnRH. In sheep and cattle the CL formed from 
induced ovulation during anestrous or from the first post anestrous ovulation can be 
short-lived or sub-functional. A single injection of progesterone prior to induced 
ovulation as used in experiment 1 ensures that any CL formed subsequently would 
have a normal lifespan. Therefore, it was assumed the pre-injection with progesterone 
three days prior to injection of GnRH should have increased the efficacy of the 
ovsynch/GnRH-based protocol. 

In experiment 1 estrogen instead of GnRH was used as an ovulation synchronizing and 
inducing treatment due to its lower cost. Estrogen and estrogen analogues have 
successfully been used as a replacement for the second GnRH injection in TAI 
protocols in beef (Bridges et al., 1999; Sales et al., 2012) and dairy cows (Stevenson et 
al., 2004; Dickson et al., 2012), but have not been previously evaluated in water 
buffaloes. 

The time of insemination was advanced to 60 instead of 72 h after withdrawal of 
progesterone (insert removal and injection with PGF2a) in experiment 1. In beef cattle 
the time from progestogen withdrawal to ovulation is shorter in heifers than cows. This 
finding has led to the recommendation that TAI should be performed by 48-60h after 
progestogen withdrawal in heifers (Sa Filho et al., 2013). Further, in beef cows the use 
of estrogen as the ovulation synchronizing agent resulted in tight synchrony of estrus 
and ovulation and, TAI performed at 58-60 h resulted in high pregnancy rates (Bridges 
et al., 1999). The duration from progestogen withdrawal to ovulation in water buffalo 
cows averaged 72 hours (range 62-80 h; Mirahmoudi et al., 2013) and 18-22h from 
injection of GnRH to ovulation (Mirahmoudi and Prakash, 2012). Although little data 
exist on the duration of progestogen withdrawal to ovulation or from injection with GnRH 
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to ovulation in water buffalo heifers, the findings in buffalo cows suggest that 
inseminations at 60 h following progesterone withdrawal might be too early and could 
have contributed to the low pregnancy rate in experiment 1. 

Based on the findings in experiment 1, studies in experiment 2 used only progesterone-
based TAI protocols with insemination at 72h after progesterone withdrawal to examine 
the effects of different ovulation synchronizing agents. The overall pregnancy rate of 
25% was lower than that reported for TAI protocols in dairy and beef cattle (Pursely et 
al., 1995; Dickson et al., 2012) and in buffaloes in some studies (50-62%; Mirahmoudi 
and Prakash, 2012; Mirahmoudi et al., 2013), but was similar to values reported for 
water buffaloes in other studies (Chaikhun et al., 2010). Consistent with previous 
findings in cattle (Dickson et al., 2012) estrogen was as effective GnRH as an ovulation 
synchronizing agent (experiment 2) and the exclusion of an ovulation synchronizing 
treatment in the TAI protocol did not affect pregnancy rates (experiment 3). These 
findings suggest that the cost of establishing a pregnancy in progesterone-based TAI in 
water buffaloes might be reduced either by using estrogen, a cheaper ovulation 
synchronizing agent, or by completely eliminating the use of ovulation synchronizing 
agents. Further, evaluation of TAI protocols without ovulation synchronizing treatments 
with larger sample sizes is warranted. 

In experiment 3, animals inseminated at 72 h had higher pregnancy rates than animals 
inseminated at 60 h or at both 60 and 72 h after withdrawal of progesterone. High 
pregnancy rates have also been reported in water buffalo cows inseminated at 72 and 
84 h after progesterone withdrawal (Mirahmoudi et al., 2013). Since ovulation in water 
buffaloes occurs approximately 72 h after progesterone withdrawal (Mirahmoudi et al., 
2013), insemination at 60 h post progesterone withdrawal might be too early to achieve 
a high level of fertility. In support of this suggestion Sales et al. (2011) reported lower 
pregnancy rates in dairy cows inseminated 12 h or more prior to ovulation. 

Pregnancy rates of Thai swamp buffaloes inseminated at 60 and 72 h after 
progesterone withdrawal was similar (32%; Chaikun et al., 2010) to that obtained for 
water buffaloes inseminated at the same time points in experiment 3 (Figure 3) but 
lower than that obtained from a single insemination of water buffaloes at 72 h 
(Murugavel et al., 2009) or at 72 and 84h (Mirahmoudi et al., 2013). The reason for a 
lower fertility in animals inseminated at both 60 and 72 h is unclear. Insemination At 
both 60 and 72 h should theoretically span the time when the majority of cows and 
heifers should ovulate and thereby increase the probability of conception. 

Pregnancy rates varied significantly with inseminator. As expected, inseminators with 
more experience working with buffaloes had higher pregnancy rates, suggesting that 
specific Al training or re-training with water buffaloes would increase pregnancy rates. 

In conclusion, pregnancy rates of water buffalo cows and heifers of varying ovulatory 
status was higher following progesterone/CIDR-based TAI protocols than 
ovsynch/GnRH-based protocols in this study and was comparable to that previously 
reported for cyclic cows following TAI and of cows inseminated at natural estrus. 
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The use of ovulation synchronizing treatments in TAI following progesterone withdrawal 
may not be necessary and warrants further investigation. A single insemination at 72 
hours following progesterone withdrawal resulted in the highest pregnancy rates and 
pregnancy rates tended to vary with inseminators. Progesterone-based TAI protocol 
with insemination at 72h following progesterone withdrawal is a cost effective approach 
for the management of reproduction and to increase utilization of improved genetics in 
water buffalo herds in the tropics. 
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ABSTRACT: Pasture represents the cheapest, most abundant and available feed 
resource for ruminant animals in the tropics. However, because of high variability in 
chemical composition and sward morphology due to seasonality, species/ pasture 
types, environment and management factors which resulted in low intake and inefficient 
utilization, tropical pastures are usually insufficient, as a sole feed to sustain high levels 
of production. On the other hand, the inability of farmers to exploit the growth advantage 
and high dry matter produced by tropical pasture species by adopting and using the 
available technologies have contributed significantly to the low productivity from tropical 
pastures. It is an accepted fact that optimizing herbage dry matter intake at pasture is 
the single most important factor limiting production from tropical pastures. Cognizant of 
this limitation researchers have endeavored to find solutions to optimize herbage intake 
and improve utilization efficiency while exploiting the proven advantages of tropical 
pastures. To this effect, several strategies have been successfully identified inclusive of; 
preferred grazing, optimizing carrying capacity and stocking rate, mixed specie grazing, 
semi and or zero grazing, improving sward state to enhance grazing efficiency, 
concentrate supplementation, grass/legume pasture association, forage conservation 
and synchronizing animal type/breed with the available feed resources. Importantly, the 
success of any tropical pasture-based production systems is heavily dependent on 
optimum management and integration of several of these strategies as part of their 
production practice. The inability of producers to make informed and timely decision 
regarding the nutritive value and sward characteristics prior to grazing has been cited as 
additional constraints. This review aims to examine the distinct characteristics of tropical 
pasture species and their effects on animal production, in addition to highlighting and 
discussing management strategies to offset likely feeding limitations and improve the 
utilization and grazing efficiency of tropical pastures. 

Keywords: nutritive value, tropical pastures, animal production, utilization efficiency 

Introduction 

Ruminant production systems have, historically, contributed significantly to the 
consumption of animal protein as well as to the economies of tropical developing 
countries. The current instability in grain markets and the attendant spiraling cost of 
concentrated feeds suggest a dire need for greater reliance on available feed 
recourses, particularly in non-grain producing countries. Freshly grazed or conserved 
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forages represent approximately 75% of the diet consumed by most domestic ruminants 
(Chesson, 2000). In the tropical regions, grazed pastures are the most abundant and 
economical feed resource available to the ruminant farmer (Soder et al., 2009). This 
underscores the importance of tropical grazed pastures towards improving the 
competitiveness and production of animal protein for human consumption, hence the 
significance of optimally exploiting this resource. Miller et al. (2003) reported that feed 
including imported concentrate represents approximately 40% of the variable cost to 
produce milk on Jamaican farms. It is only logical to think that improving the contribution 
of tropical pastures to milk production will significantly enhance the competitiveness of 
the tropical pasture-based production systems. To this effect, Miller et al. (2003) further 
suggested that pasture can be produced at 1/30th (dry matter equivalent) the cost of 
concentrate feed. Dillon et al. (2006) showed a strong relationship (R2 = 0.78) between 
the proportion of grazed pasture in the diet of dairy cows and the cost of milk production 
from data obtained from both temperate and tropical countries. It is interesting to note 
that Australia and New Zealand - two countries which employ predominantly year-round 
grazing systems- enjoyed the lowest cost of production, rendering them more 
competitive than the European Union and North America, countries in which animals 
are confined for substantial periods of the year and offered conserved fodder in 
conjunction with high levels of concentrate feeds. The relationship shows that for every 
10% increase in grazed grass in the dairy-cow diet, cost per litre of milk declines by 2.5 
cents. It becomes clear that optimizing intake and efficiency of utilization must be the 
principal objective of tropical pasture-based production systems to sustainably address 
the ensuing challenge of efficiently and economically feeding ruminant animals. 

Pasture quality has long been regarded as a function of intake (Poppi et al., 2000) and 
the level of production obtained. Many authors including, Allen (1996) studied and 
reviewed (Decruyenaere et al., 2009) the factors affecting these processes. Probably 
the most important feature of tropical pasture species is the tremendous growth 
potential and hence potential carrying capacity (Jennings, 2002). 

A major characteristic of tropical pastures is a marked seasonal fluctuation in energy, 
nutritive value and quantity, thus restricting nutrient intake for large parts of the year 
(Hughes et al., 2012). This presents farmers with a major challenge to provide pasture 
of adequate quality and quantity on a year round basis. This has frequently resulted in 
seasonal fluctuations in production; as weight gained during the wet season is lost 
during the drier months of the year (Paterson et al., 1992). In addition to seasonal 
variations, maturity is arguably the single factor with the largest influence on pasture 
quality. Advancement in pasture maturity is associated with increased proportion of 
structural carbohydrates and reduced crude protein concentration (Enoh et al., 2005) 
which negatively affects digestibility and intake (Allen, 1996). Therefore, efficient 
utilization of tropical pastures requires the adoption of a more holistic production model 
capable of exploiting the growth potential and yield advantage of tropical pasture 
species and maximizing herbage intake while sustaining a greater quantity of higher-
quality herbage throughout the year. On the other hand, the physical state of the 
pasture offered for grazing must be considered. It has been suggested that the state of 
the sward presented for grazing may have a greater influence on intake than nutritive 
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value per se. (da Silveira et al., 2013; de Carvalho et al., 2013; da Silva et al., 2013). 
This provides a possible justification for the low levels of milk production (< 
15L/day/cow) of milk production on Jamaican dairy farms despite relatively high nutrient 
value (IVOMD, ME and CP above 600 g/kg, 8.5 MJ/kg DM and >140 g/kg, respectively) 
of grazable pasture herbage (Hughes et al., 2012). The challenge, therefore, now is 
how to optimize sward state to facilitate this. The situation is further compounded by the 
absence of instantaneous diagnostic tools to determine nutritive profile and sward state. 
The existing methods are dependent on invasive methods and laboratory assays that 
are very costly to undertake and time consuming. This suggests a critical need for 
accurate, easy-to-use and affordable techniques which provide results instantaneous to 
assist farmers in their day-to-day management. The objective of this review is to 
examine the distinct characteristics of tropical pasture species and their effects on 
animal production; in addition to highlighting and discussing management strategies to 
offset likely feeding limitations and improve the utilization efficiency of tropical pastures. 

Characterizing Tropical Pastures 

Photosynthetic efficiency 

There are many biological characteristics which distinguish tropical and temperate 
pastures species. However, the C4 (four-carbon organic acid) photosynthetic pathway of 
tropical grasses stands out as perhaps one of the most distinctive features (Figure 2). 
This bio-chemical characteristic provides for more efficient use of sunlight, water and 
nutrients, but leads to a high content of structural carbohydrates which can negatively 
impacts intake and digestibility (Jung and Allen, 1995). The higher rate of 
photosynthesis and the increased radiation intensity in the tropics enables tropical 
pasture species to enjoy significantly higher growth rate and productivity compared to 
temperate grasses (Enoh et al., 2005). 

C3 plants C4 plants 

C O e - E T — i_Rubi«co 
cr^.c, 

(CH.O)n 

( C H O ) n 

Figure 3. Schematic diagram of C3 and C4 photosynthetic pathways (Lara and 
Andreo, 2011). 
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Characteristics of Tropical Swards 

Tropical pastures have been recognized by their high potential for dry matter (DM) 
production but labeled as producing herbage of low nutritive and feeding value (Allen, 
1996). This has generated the widespread mis-perception that tropical pastures are not 
capable of supporting medium to high levels of animal performance and productivity (da 
Silva et al., 2009). Temperate pasture species can be approximately 13% more 
digestible than tropical grasses (Minson and McLeod, 1970). The high level of 
indigestible fibre can contribute to lower daily intake of feed and consequently lowers 
animal production (Stobbs, 1974). 

Sward height, bulk density, spatial distribution, proportion pasture species and leaf-stem 
(Sollenberger and Burns, 2001), total or green tissue herbage yield (Boval et al., 2007) 
are some sward characteristics influencing grazing behavior. Bite mass is regarded as 
the variable most sensitive to these pasture characteristics (Boval et al., 2007). There is 
a close relationship between forage distribution and availability (Allison, 1985), leaf 
proportion (Stobbs, 1975a), green leaf mass (Boval et al., 2007), sward density, canopy 
height (Boval et al., 2007) and dry matter intake under rotational grazing. Tropical 
swards exhibit distinct vertical heterogeneity in both chemical composition and physical 
sward state (Sollenberger and Burns, 2001). Overall, the density of tropical swards is 
lower than that of temperate swards thus affecting the potential bite size for prehension 
(Sollenberger and Burns, 2001). Green leaf proportion and yield of the upper sward 
canopy are usually are greater importance with tropical grasses. However in temperate 
pastures, bite weight has a closer associated with sward height (Sollenberger and 
Burns, 2001). This highlights the importance of developing methods to determine the 
optimum sward condition necessary to achieve maximum herbage intake in tropical 
pastures. The vertical and horizontal heterogeneity of tropical swards provides ample 
justification for the lower level of intake observed from tropical pastures. Consequently, 
biting rate and frequency are reduced because of additional time spent selecting leaf 
over stem and dead material (Sollenberger and Burns, 2001) and moving from one 
preferred location to another. The animal partly compensate for decreased biting rate by 
increasing grazing time (Decruyenaere et al., 2009) resulting in more energy being 
spent during the grazing process. 

Factors Affecting the Nutritive Value of Tropical Pastures 

Plant Factors 

Genus 

Grass genus has been found to have significant effects on nutritive value of tropical 
pasture species (Filho et al., 2000; Arthington & Brown, 2005). In Brazil, Filho et al., 
(2000) studied the chemical composition and in-vitro organic matter digestibility kinetics 
of Cynodon spp. (dactylon and plectostachyus), Brachiaria humidicola and Pennisetum 
purpureum harvested at 10cm above ground after 100 days re-growth. Crude protein 
concentration was lower, and organic matter (OM), neutral detergent fiber (NDF), acid 
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detergent fiber (ADF) and acid detergent lignin (ADL) higher in the Cynodon genera 
than in Brachiaria and Pennisetum genera. The Pennisetum genus recorded the highest 
apparent organic matter digestibility while that of the other genera was comparable. 

Differences between genera were also highlighted by Arthington and Brown (2005). 
From their study, they found that CP concentration and IVOMD were higher, while NDF, 
ADF and ADL concentrations were lower for Paspalum versus Hemarthria genus. 

Species 

It is important to note that grasses, even of the same species, grown in the same 
environment and exposed to the same management show marked differences in 
nutrient profile. Mislevy and Martin (1998) compared the crude protein (CP) content of 
Cynodon nlemfuensis (African Star grass) and Cynodon dactylon (Bermuda grass) over 
three consecutive years, at similar stages of growth, and found crude protein content to 
be lower in nlemfuensis species. Similarly, Arthington and Brown (2005) found CP was 
lower for African Star grass compared to Bermuda grass at four weeks re-growth over 
two years. However, Bermuda grass (53.9%) had a superior in-vitro organic matter 
digestibility (IVOMD) to Star grass (48.2%). 

Grass versus legume 

The proportions of structural carbohydrates are significantly lower in tropical leguminous 
forages than grasses at comparable stages of maturity. Relative to grasses, legumes 
contain a higher proportion of crude protein and are more digestible (Mtui et al., 2009). 
For example, Ravhuhali et al. (2010) showed that buffel grass (Pennisetum ciliare) hay 
was 15.5% less digestible than the average of hay from four cow pea (Vigna 
unguiculata) varieties. The report of Mtui et al. (2009) is consistent with the generally 
accepted knowledge of the superiority of legumes compared to pasture grasses with 
reference to nutritive value. Although legume forages are of higher nutritive value than 
grasses, their potential contribution to animal production in the tropics is underexploited 
(Tobia et al., 2008) primarily because of the difficulty in managing grass/legume pasture 
associations and their susceptibility to stand loss and slow recovery under poor 
management and or unfavorable weather conditions. 

Management Factors 

Harvesting (cutting or grazing) Height 

Vertical heterogeneity in the proportion and distribution of leaf and stem fractions affects 
chemical composition and digestibility of herbage from different canopy layers (Newman 
et al., 2003). The lower half of the grass sward is generally considered to contain more 
fiber and lignin that would be less digestible than the upper portion. Hughes et al. (2012) 
showed that whole grass samples contained on average 10%, higher NDF, ADF and 
lignin and 36%, 27% and 26% lower crude protein, metabolizable energy, respectively, 
and are 26% less digestibility, than samples harvested by hand plucking to simulate 
grazing. 
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Similarly, Newman et al. (2003) showed that the leaf percentage, leaf and stem crude 
protein (129 - 123 g/kg and 50 - 40 g/kg leaf and stem CP, respectively, and in-vitro 
organic matter digestibility were greater in the upper 25% strata of a Limpograss 
(.Hemarthria altissima) sward canopy compared to the next lower 50% of the canopy. 
Leaf CP concentration was as much as three times greater than stem CP. 

Stage of Maturity/Harvesting Frequency 

The major changes occurring in pasture species are those that accompany maturation, 
illustrated schematically in Figure 2. As pasture matures, the fiber fraction increases 
resulting in higher levels of lignification, lower protein content (Enoh et al., 2005) and 
non-structural carbohydrates. Brown and Mislevy (1988) suggested that on average, 
crude protein content of tropical forages decreases below 9% after six weeks re-
growth. Because of the relationship between grass maturity, quality and chemical 
composition, management regimes with more frequent harvests that remove forage at 
less mature growth stages, often result in improved forage quality than regimes with 
less frequent harvesting (Sheaffer et al., 1998). However, increased harvesting 
frequency can be associated with lower biomass yield, compromised root system that 
impacts plant recovery from defoliation and pasture persistence under grazing. 
Published data generally show that there is a progressive decline in digestibility and 
crude protein and a corresponding increase in NDF, ADF (Arthington and Brown, 2005) 
and lignin (Laredo and Minson, 1973) as grasses transition from an immature to a more 
mature vegetative state. 

Figure 2. Schematic representation of the changes in the chemical composition 
of grasses which accompany advancing maturity (Osbourn, 1980). 
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Leaf-to-Stem Ratio 

Leaf/stem ratio is primarily associated with maturity of the grass and harvest height and 
contributes significantly towards determining diet selection, forage intake and 
digestibility (Ramirez et al., 2008) because leaves contain a greater proportion of 
digestible nutrients and metabolizable energy than stems. The concentrations of cell 
wall fractions (NDF, ADF and lignin) of tropical grasses are usually lower and crude 
protein usually higher in leaf than in stem (Hare et al., 2009) which influences intake 
and production response. Ruminant animals are primarily "leaf seaker" - prefering plants 
with higher proportion of green leaf. Laredo and Minson (1973) separated leaf and stem 
of similar digestibility from five grasses and found that intake of leaf was 46% higher 
than stem when fed to sheep. Under grazing conditions, the uppermost leaves are 
consumed first by cattle, followed by leaf-bearing stems while leafless stems are only 
grazed when herbage availability is severely limited (Stobbs, 1975). As a result, the 
nutritive value of the herbage consumed is higher than that of the total herbage on offer 
to the animal (Sollenberger and Burns, 2001) when ample herbage is supplied. 

Nitrogen Fertilizer Application 

The seminal work on response to fertilizer Ν by tropical pastures was done by Vicente-
Chandler et al., (1959), who examined the effect of Ν fertilization and cutting frequency 
on yield and chemical composition. Since then, numerous reports have also shown that 
crude protein content generally increases with increasing nitrogen (N) fertilization. 
Applying fertilizer to pasture not only improves quality but also increases the biomass 
yield of the pasture (Johnson et al., 2001). However, there seems to be a threshold 
level where incremental gains in both quality and biomass yield cease. In terms of 
biomass yield, Vicente Chandler et al. (1964) showed that increases in fertilizer Ν 
application resulted in a linear biomass yield response up to application of 450 kg N/ha. 
Beyond 450kg N/ha, the response in herbage mass become asymptotic. Adeli et al. 
(2005) reported similar response to increased fertilizer Ν by biomass yield and CP 
concentration. Crude protein concentration of Bermuda grass (Cynodon dactylon) (96 -
184 g/kg) and Johnson grass (Sorghum halepense) (103 - 156 g/kg) increased with 
incremental levels of fertilizer Ν up to an application rate of 450 kg N/ha., where a peak 
was realized. A reduction in both crude protein and biomass yield was observed at 
higher rates. Johnson et al. (2001) and Adeli et al. (2005) indicated a positive response 
in in-vitro organic matter digestibility and in-vitro true digestibility, respectively, with 
increasing Ν fertilizer application. Generally, there are variations in the response of the 
structural constituents of pasture forages to increased Ν fertilization. 

Stocking Rate and Degree of Defoliation 

Stocking rate is normally expressed as number of animals per hectare for a given time 
period. Grazing management that includes increasing stocking rate usually result in an 
improvement in pasture quality. Many researchers including Mayne et al. (1987) 
showed that higher grazing pressure and grazing severity can significantly increase the 
organic matter digestibility of pasture swards for the following grazing cycle. This is 
mainly due to a decline of post-grazing residual mass and hence a greater proportion of 
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green herbage and less senescent and fibrous material associated with greater removal 
of pasture herbage and subsequent emergence of higher proportion of young tillers at 
the onset of each grazing cycle at higher stocking rates compared to lower stocking 
rates (Fales et al., 1995). However, as the quantity of pasture allowance increases, the 
amount of refused pasture increases and this will lead to a decrease in herbage quality 
in subsequent grazing rotations (McEvoy et al., 2008). For this reason, mowing 
rotationally grazed tropical pastures at least once annually was recommended by 
Hughes et al. (2011). 

Environmental Factors 

The effect of seasonality on pasture production results in limited herbage availability 
and or poor quality at some periods of the year, when ingested herbage falls short in 
satisfying the nutritional requirements of the ruminant animal (Grimaud et al., 2005). 
Generally, the dry season is the most challenging period in providing pastures of 
adequate quantity and quality. During this period tropical pastures tend to have low 
protein concentration (Mtui et al., 2009), digestibility and metabolizable energy (Hughes 
et al., 2012), and high structural carbohydrate contents (Hughes et al., 2011), in addition 
to a shortfall in supply. This is due to the prevailing climatic conditions where they grow, 
particularly the high degree of solar radiation, resulting in rapid lignifications and a 
reduction in intake and digestibility. The seasonal fluctuations in feed supply and 
pasture quality experienced in the tropics results in a seasonal pattern of live weight 
gain associated with the wet season and live weight loss during the dry season (Poppi 
and McLennan, 1995), principally due to a shortfall in pasture supply and sharp decline 
in nutrient characteristics of pastures in the dry season. 

Quality and Nutritional Value of Tropical Pastures 

Forage quality is an encompassing attribute that includes nutritive value/chemical 
composition, intake and animal performance. The nutritional contribution of forages to 
the diet can be assessed in several ways. The most utilized methods are the proximate 
analysis of Van Soest (1967), modified to utilize the NDF and ADF determinations 
(Cheeke, 1999). Laboratory analysis of ruminant feeds generally involves determining 
the dry matter, organic matter, structural carbohydrate (NDF, ADF and ADL), soluble 
carbohydrates and crude protein contents of the feedstuff (France et al., 2000). Van 
Soest (1967) presented a comprehensive system of feed analysis and a classification of 
forages fractions based on their nutritional characteristics (Table 1). To date, this 
system has been used extensively to provide a crude approximation of forage quality. 
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Table 1. Classification of forage fractions according to nutritive characteristics 
(Van Soest, 1967). 

Class Fraction 
Nutrient Availability 

Class Fraction Ruminant Non-ruminant herbivore 
Category A Sugars, Soluble Complete Complete 
(Cellular carbohydrates, 
contents) Starch, Pectin Complete High 

Non-protein 
nitrogen High High 
Protein, Lipids High High 
Other solubles High High 

Category Β Hemicellulose Partial Low 
(Cell wall) Cellulose Partial Low 

Heat-damaged 
protein Indigestible Indigestible 
Lignin Indigestible Indigestible 

It has been widely accepted that the quantity of forage ingested by the grazing animal 
and their production response are the most important factors determining its quality 
(Aregheore, 2007). A review of the factors affecting intake by grazing ruminants is 
provided in Fisher (2002). Chief among these factors is digestibility. Hence, digestibility 
is an important factor in determining nutritive value for forages because as digestibility 
increases, feed intake also increases in response to higher rumen turnover rate (Laredo 
and Minson, 1975). In addition, the higher the digestibility, the more nutrients (Forejtova 
et al., 2005) and energy (Lukas et al., 2005) are liberated for use by the animal which 
will have a positive effect on performance. A summary of available data on chemical 
composition and digestibility of some tropical pasture species is presented in Table 2. 
Le Du et al. (1979) suggested that herbage availability significantly influences intake, 
and digestibility only becomes more important when herbage on offer is considered 
non-limiting. Leaver (1981) from the UK suggests that such ad-lib conditions exist on 
temperate pasture at a minimum sward height of 9 cm at which point herbage allowance 
would likely exceed maximum voluntary intake by a factor of 3. Stobbs (1977) in 
Australia suggested that on tropical pasture (Panicum maximum) such'ad-lib' conditions 
would exist when herbage allowance is approximately four times maximum voluntary 
intake. 

Production Response from Tropical Pastures 

The spiraling increases in the cost of supplementary concentrate feeds has brought 
farmers in non-grain producing countries to the reality that over-reliance on concentrate 
feed and the low response of milk production to concentrate feeding is neither 
sustainable, economically nor nutritionally justified. This situation will undoubtedly 
challenge farmers to confront the conventional wisdom that tropical pastures are 
insufficient to maintain medium to high milk yields (Tamminga and Hof, 2000). However, 

340 



the results of numerous studies from as early as the 1970's have disproved this theory, 
giving much hope to tropical ruminant production systems. Argel (2006) estimated that 
adaptation of improved pasture species in South and Central America has resulted in a 
26% and 6% increase in productivity of milk and beef production, respectively. The early 
work by McDowell et al. (1975) and Martinez et al. (1980) to a large extent have set the 
standard for milk production from tropical pastures. On intensive managed Pangola 
grass pasture in Puerto Rico, McDowell et al. (1975) reported unsupplemented daily 
yields of approximately 11 liters from Holstein cows stocked at 2.5 cows per hectare. 
Reporting out of Cuba, Martinez et al. (1980) obtained whole-lactation milk yield in 
excess of 4,120 liters from Holstein cows stocked at 3.6 cows per hectare grazing Coast 
Cross 1 (Cynodon sp.) pasture without recourse to supplementary feed. For animals fed 
supplementary feeds, the average response was 0.14 L milk/kg concentrate fed 
indicating that when pasture herbage of good quality is in ample supply the response to 
supplementation is poor and uneconomical (Martinez et al., 1980). At similar stocking 
rate, dairy cows grazing well fertilized (350kg N/ha./yr.) Cynodon dactylon or Panicum 
maximum pastures, Rivero et al. (1988) reported unsupplemented daily milk yield of 12 
- 14 kg over two lactations. Even at higher stocking rates tropical pastures have proved 
to be more that capable of producing above expected yields. With a stocking rate of five 
cows per hectare, Jennings (1980) recorded unsupplemented milk yields of 11,050 liters 
per hectare from irrigated Pangola grass (Digitaria eriantha) pastures fertilized with 
316kg N/ha./year in six split applications. These results were consistent with Stobbs and 
Thompson (1975) who suggested that daily milk yields in the order of 7.2 liters is 
attainable from unsupplemented tropical pastures grazed by Jersey-type cows. 
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Table
2.

Yield,
chemical

composition
and

digestibility
of

some
tropical

pasture
species.

Chemical
Composition

(g/kg)
Species

Cultivar
Yield

Fertilizer
Maturity

DM
CP

NDF
ADF

ADL
IVO

MD
(g/kg)

Source
(t.

DM/ha.)
(kgN/ha.)

(days)

Cynodon
28

110
809

410
63

482
Arthington

and
Brown,

2005

nlemfuensis
1.6

78
28

148
739

336
546

Johnson
et

aI.,
2001

1.7
447

21
140

652
584

Miller,
et.

al.
2005

14
240

170
680

360
62

568
Hughes

et
aI.,

2012

Brachiaria
Basilisk

11.32
176

86
637

347
Hare

et.
al.,

2009
decumbens

7.3
125

42
65

784
449

82
521

Norton
et.

al.,1991
33

22
120

690
350

42
571

Hughes
et

aI.,
2012

Digitaria
42

268
70

700
73

Juarez
Lagunes

et.al.,
1999

eriantha
45

226
79

724
418

43
632

Tikam,
et

al.,201
0

4.1
42

212
61

650
329

Isuwan,
et

al.,2007

Panicum
Gaton

80
-

160
105

75
-

117
621

319
692

Pieterse
et.

al.,
1997

Maximum
Vencidor

80-320
160

36
-

52
609

270
813

T58
1.9

0
42

482
55

306**
548*

Sodeinde
et.

al.,2006
T59

4.8
400

42
655

101
261**

714*
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It must be pointed out that recent studies aiming to establish the production potential of 
grass-only production systems are very limited which can partly be attributed to the wide-
scale acceptance of the necessity for inclusion of concentrate in the diet of ruminants fed 
tropical pastures, presumably, in an effort to align these production systems with those 
commonly found in the more developed temperate regions. 

Improving dry matter intake and utilization efficiency of tropical pastures 

Low dry matter intake and inefficient utilization are the main factors limiting the productive 
potential of tropical pastures. A review of the literature has further revealed that the inability 
of producers in the tropics to optimally exploit the benefits of pastures and overcome these 
limitations is not a result of lack of available information but is more due to their inability and 
reluctance to adopt and utilize the vast amount of available technologies. Dillon (2006) 
articulated the fundamental principles surrounding optimizing pasture dry matter intake by 
the grazing dairy cow -which provides the basis for improving utilization efficiency and 
enhancing competitiveness of outputs from tropical grazing systems. Maximizing intake and 
improving utilization efficiency of tropical pastures can be practically achieved by the 
following strategies. 

Grazing Management 

Preferred Grazing/"Leader-follower" System 

The leader-follower grazing method involves two or more groups of animals with different 
nutritional requirements grazing a pasture sequentially (Archibald et al., 1975). The first 
group of animals, usually with the highest nutritional requirement - such as dairy cows in 
early lactation, is given first access. The other group(s); with lower nutritional requirements 
than the first, is allowed to graze after moving the first group to a new pasture. This method 
can be labour intensive and complex but can significantly improve forage utilization and 
output without compromising sward health and quality (Mayne et al., 1988). Preferential 
treatment of high-producing British Friesian dairy cows comprising the "leader" group 
produced up to 9% more milk per day compared to similar high-producing cows in the 
control group (Mayne et al., 1988). In contrast, Archibald et al. (1975) reported similar milk 
yield for "leader" and "follower" cows to that of the control groups and hence concluded that 
the potential benefit of the "leader-follower" system is unlikely to exceed conventional 
grazing systems. It seems therefore, the sward state and grazing time at first grazing can 
significantly impact intake by the "leader" group and that the potential benefits of this system 
will be more apparent if more than one "follower" groups are introduced. 

Optimum stocking rate/carrying capacity 

A generalized model of the relationship between stocking rate and animal production was 
described by Mott (1973) [Figure 3], The model suggest that at low stocking rates individual 
animal performance is relatively insensitive to increased stocking rate, resulting in large 
increments in output per hectare. Beyond a critical stocking rate, individual animal 
performance declines rapidly until a point is reached where output per hectare is also 
jeopardized. Therefore, the optimal range in stocking rate occurs where attempts are made 
to match herbage availability with herbage dry matter requirements. 
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Output per unit land area 
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Increasing risk — 

Figure 3. Relationship between output of animal production and stocking rate (Mott., 
1973). 

Jennings (1992) attributed the low productivity of Jamaican pastures to the inability of 
farmers to fully exploit the growth potential of tropical pastures by adopting an approach to 
optimize carrying capacity. Hughes et al., (2011) showed that the typical Jamaican dairy 
farm employed a stocking density of 0.8 - 3.4 AU/ha. On the background of earlier work 
done in Puerto Rico, Jennings (1992) outlined a practical approach towards increasing 
carrying capacities with the application of fertilizer Ν (Table 3). Dry matter production was 
predicated on the basis of a response of 30kg DM per kg Ν fertilizer applied up to 450 kg 
N/ha. This response, however, was later shown to be very conservative as with the 
subsequent introduction of Cynodon spp. even higher yield responses have been realized 
(Miller et al., 2005). 

Table 3. Carrying capacities and expected milk yield at different Ν fertilization levels 
(Jennings, 1992) 

Ν fertilizer 
(kg/ha.) 

Herbage yield 
(kg DM/ha./an 

No. 
cows/ha. Milk production/ha. 

No Supplementation (40% 
supplementation DMI) 

0 10,000 2.0 4,925 7,100 
56 11,800 2.3 5,850 8,450 
112 13,450 2.7 6,780 9,780 
170 15,140 3.0 7,400 10,100 
225 16,800 3.5 8,620 12,450 
336 20,200 3.9 9,850 14,200 
450 23,550 4.7 11,700 16,900 

Mixed Species Grazing 

Mixed species grazing has been shown to enhance forage utilization, which translates into 
higher output per unit area and reduced cost of production compared to grazing with a 
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single species. Logan and Jennings (1995) compared eight Jamaica Red Poll bulls vs. six 
Jamaica Red Poll bulls plus 15 weaned lambs rotationally grazing Brachiaria decumbens 
pastures (0.2 ha) at 5 AU/ha. in two experiments. The results indicated an average 37% and 
33% higher live-weight gain/ha and pasture utilization, respectively, when pastures were co-
grazed by cattle and sheep. These findings were consistent with reports by Nolan and 
Connolly (1989) and Mendiola-Gonzalez et al. (2007). However, Nolan and Connolly (1989) 
showed that under single species grazing, 10 - 13% more area was required to produce the 
same grazing season output as under mixed grazing. Abaye et al. (1993) found that mixed 
grazing resulted in earlier attainment of target lamb weaning weight and improved lamb 
performance. However, animal production per hectare was not significantly affected. This 
was mainly because of decreased forage availability as the grazing season progressed and 
forage demand by cattle increased. Bennett et al. (1970) reported similarly higher than 
expected performance of sheep when grazed together with cattle while that of cattle 
reduced slightly then recovered in spring through compensatory gain. Mixed-species 
grazing confers competitive advantage to sheep but not necessarily at the expense of cattle. 
Differences between sheep and cattle in their mechanical ability to be selective offer 
opportunities for complementary pasture use (Logan and Jennings, 1995). Differences in 
grazing habits could indicate that cattle are more sensitive to changes in quantity of 
available graze material and that sheep are more tolerant to grazing the lower sward strata 
including weeds. 

Semi- and/ or Zero-Grazing 

Zero-grazing provides a way of improving the efficiency of utilization by eliminating the 
losses of herbage due to fouling by excreta, trampling and poaching under grazing thereby 
reducing residual dry-matter accumulation and encouraging greater consumption of the 
forage on offer. Hood (1962) reported that zero-grazed beef cattle gave 10.1% higher output 
of live weight gain per hectare over rotationally grazed cattle offered the same forage. The 
corresponding increase in production of dressed carcass weight per hectare was 13.3%. 
The quantity of forage rejected by the zero-grazed animals was consistently low, averaging 
1.7% of the forage offered. Improved forage utilization is achieved from the zero-grazed 
system mainly because the animals eat almost the entire plant depending on presentation. 
This is in contrast to rotational grazing where the animal will give priority to selecting green 
leaves and will only resort to grazing the more fibrous fraction when herbage availability 
becomes limited. Consequently, the nutritive value of the diet of the grazing animal is higher 
than that of the zero-grazed (Sollenberger and Burns, 2001). Zero grazing also offers the 
opportunity to integrate forage with other feed resources, in a homogenous mix, as with total 
mixed rations, to improve the quality of the diet offered as well as promoting overall 
increased feed intake. The most obvious disadvantage with this system is an increased 
cost associated with housing the animals, as done in intensive management systems, and 
harvesting and transportation of the forage to make it available to the animal. 

Improving sward state 

Under rotational grazing, the primary limiting factor to maximizing grazed herbage intake is 
not chemical composition per se but more to do with sward state i.e. the way the herbage 
presents itself to the animal so as to facilitate prehension and ingestion. In addressing the 
state of swards presented for grazing much focus has been towards measurements of leaf 
area index (LAI) and light interception (LI) as a determinant of "efficient grazable herbage 
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presented" (de Carvalho et al., 2013; da Silva et al., 2013). Generally, these studies have 
concluded that (like temperate pastures) LI 95% correlates well with optimum LAI which 
provides the condition for grazing-thus ensuring high grazing efficiency (Difante et al., 2009) 
The very stoloniferous species such as Cynodon nlemfunsis which seems LI 90% might be 
more indicative of optimal Leaf:Stem ratio (de Carvalho et al., 2013) is an exception. In 
addition, Fonseca et al., (2012) suggested that animal withdrawal from pasture must be 
done when sward height reaches 40 - 60% of the pre-grazed height to facilitate high levels 
of intake and performance. The underlining question now is how do we achieve this 
optimum sward state for presentation to the animal to facilitate efficient grazing? Da Silva et 
al. (2013) suggested that sward structure of rotationally grazed tropical pasture can be 
modified by alteration in height and LAI pre-grazing and by LI post-grazing. 

Under rotational stocking, de Silveira et al. (2013) observed optimum sward condition; i.e. 
pre-grazing LI 95% and post-grazing height of 20 cm from Mulato pasture (Bracharia spp.) 
which resulted in efficient grazing as a result of high leaf proportion. Defoliation severity 
producing a residual sward height of 20 cm was also reported by de Carvalho et al. (2013) 
to produce optimum sward condition (LI 90%, highest tiller population density and leaf 
blade: stem ratio) for grazing Cynodon nlemfuensis pastures. 

Concentrate Supplementation 

Concentrate supplementation is most cost-effective when used to supplement seasonal 
herbage deficits (McEvoy et al., 2008a), offset forage nutrient deficiencies (Moore et al., 
1999) or to increase carrying capacity without negatively affecting individual animal 
production (Becky et al., 2008). Supplementing animals with concentrate has been shown to 
increase total and herbage dry matter intake (McEvoy et al., 2008a). However, the effect of 
concentrate on herbage intake of the grazing cow has been shown to depend on the level of 
daily herbage allowance (Meijs and Hoekstra, 1984). Peyraud and Delaby (2001) showed 
that substitution rate increases with increasing pasture availability, from 0 for high grazing 
pressure to 0.6 - 0.8 when grazing pressure is reduced. An inverse relationship between 
substitution rate and milk production efficiency was highlighted by Horan et al., (2006) 
[Figure 4], There is evidence in the literature to suggest that when adequate pasture is 
available concentrate supplementation produces a low response in terms of milk yield of 
dairy cows (Meijs and Hoekstra, 1984). A review by Leaver et al., (1968) showed average 
response of 0.33, 0.40 and 0.27 kg milk per kg concentrate DM, respectively. In contrast, 
from a review of responses to supplementary feeding in whole-lactation experiments on 
tropical pastures by Jennings and Holmes (1985), an average response of 0.82 kg milk per 
kg concentrate feed was reported. Similar supplementation efficiencies (0.85 kg milk per kg 
concentrate DM) were reported by Delaby and Peyraud (1997). The varied response in milk 
yield to grazing supplementation is likely related to the differing realized level of herbage 
utilization between experiments as well as the difference in optimal level of herbage 
utilization between temperate and tropical pastures. Leaver (1981) and Stobbs (1977) 
reported contrasting optima for temperate and tropical in respect of the herbage allowances 
at which intake is maximized in dairy cattle. For temperate pastures, the indicative optimum 
is where herbage allowance is equivalent to 2.5 to 3 times dry matter intake while on tropical 
pastures the ratio is closer to 4:1. 
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Figure 4. Relationship between substitution rate and milk yield response to 
concentrate supplementation (Horan et al., 2001). 

Grass/Legume Association 

Associating grasses with legumes offers a viable economic option for improving pasture 
quality and productivity and hence animal production in tropical regions, particularly with 
soils of low natural fertility (Lascano et al., 1989). Hill et al. (2004, 256) pointed out that 
financial pressures are promoting increased use of legume-based pastures to increase 
protein intake and improve the efficiency of energy utilization in Australia. The rationale for 
this alternative is that tropical legumes have a higher nutritive value than grasses and, 
through symbiotic nitrogen fixation can enhance the DM production and quality of the sward 
and improve soil fertility. Grass/legume association not only improves the nutritive value of 
the pasture but also enhance physical and morphological sward state offered for grazing 
resulting in improved grazing efficiency and intake. However, the higher growth potential of 
C4 grasses causes difficulties in the maintenance of a grass-legume balance (Humphreys, 
1991). Maintaining grass/legume pastures has been difficult mainly because animals exhibit 
selection preference for the legume in addition to suppression of the legume by the fast-
growing grass particularly when pastures are heavily grazed (Lascano, 2000). Additionally, 
the disparate optimum defoliation intervals of tropical grasses (four weeks) and tropical 
forage legumes (eight weeks) pose practical difficulties in balancing herbage presentation 
mass against nutritive value. 

It is important to point out that the work described by Lascano (2000) was conducted on the 
acid soils of South America, where extensive management of pastures and hence 
grass/legume associations is more appropriate. However, in the general Caribbean and 
other tropical areas where returns from specialized grazing systems are marginal thus 
forcing extensive grazing management; grass/legume associations might be more 
economical than resorting to inorganic Ν fertilization. Haynes (1980) suggested that the use 
of legumes in grass pastures may result in increased Ν content, digestibility and balanced 
mineral content of the pasture herbage. Paterson et al. (1979) reported a live weight 
advantage of 40 kg/head to Panicum/Glycine mixture compared to a monoculture Panicum 
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pasture when grazed by Brangus bulls during the dry season in Bolivia. Legume content of 
the pasture decreases linearly with increasing stocking rate (Cowan et al., 1975). Thomas 
(1992) suggested that legume contents of 20 - 45% of the herbage DM could provide the 
nitrogen requirements for a productive and sustainable pasture. Under such conditions the 
pasture is more palatable than a grass-only pasture and utilization can be up to 40% higher 
(Thomas 1992). It is important to note that in the tropics, the extent of N-fixation by forage 
legumes tends to maximize at approximately 115 - 200 kg N/ha/yr. (Cadisch et al., 1989). 
This level of biologically fixed Ν is sufficient to sustain a range of herbage DM yields of 3 -
22 tonn DM/ha/ yr (Thomas, 1992) but will limit carrying capacity of grass/legume pastures 
to below 3.5 AU/ha (Table 3). Where land values make it imperative to maximize carrying 
capacity the economics of grass/legume pastures have to be carefully evaluated. In 
addition, the choice of legume and grass species must be carefully considered to maximize 
the benefits of both while maintaining the mix stand for the longest possible time in optimum 
state. 

Forage Conservation 

Forage conservation offers one of the most critical and practical solutions to address the 
severe dry-season herbage deficit common to tropical areas. Hughes et al. (2011) showed 
that in excess of 12,000 tons DM/ha. are produced on some Jamaican farms at certain 
times of the year while, during the dry season, herbage availability presents a critical 
constraint. This offers the possibility of harvesting herbage during periods of surplus and 
preserving it as either silage or hay (including haylage) to be used to supplement pasture 
herbage deficit during the dry season (Clark and Kanneganti, 1998). The nutritive value of 
conserved fodder is usually lower than when freshly cut. Wilkinson (1984) suggested that 
the feeding value of ensiled forage falls by about 2.5 units per week. 

However, it is common understanding that herbage quality is of secondary consideration 
when herbage availability is low. Harvesting and conserving excess pasture/forage herbage 
also offers the benefits of: 

• Maintaining adequate grazing pressure thereby improving utilization efficiency 
• Maintaining the sward with a high proportion of leaf by discouraging/removing high 

accumulation of residual dry matter (Hughes et al., 2011 ) 
• Minimizing the effect of "fouled" herbage on consumption on subsequent grazing 

Mechanical or manual harvesting of forage can be beneficial to sustainable sward 
management. Forage banks, comprising high DM producing forages such as sugarcane 
(Saccharum officinarum) and pennisetum spp to be fed as "green chop" and the use of high 
protein tree forages to supplement low pasture availability and or nutrient deficit (Edwards et 
al., 2012) are also viable option that should also be put into practice to address pasture 
shortage during the dry season. Deferred grazing or "stockpiling" forage is another 
alternative. This method, however, is only practical where land space is not limiting and 
usually offers forage of a lower quality. Deferred grazing or "Stockpiling" refers to allowing 
forage to accumulate for grazing at a later time (Clark and Kanneganti, 1998). 

Synchronizing Animal Type/Breed with Available Feed Resources 

NRC (2001) showed that a Holstein and Jersey cow of 680 kg and 454 kg body weight, 
respectively, both producing 25 kg milk will consume 20.3 kg and 18.0 kg, respectively, DM 
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daily. This suggests that a greater proportion of the feed consumed by the Holstein cow will 
be portioned towards meeting maintenance requirement compared to the smaller sized 
Jersey cow, hence smaller-sized dairy breeds are more efficient in converting feed 
consumed to milk (Table 4). Jennings (1992) showed that the Jamaica Hope dairy cow milk 
yield per 100 kg OMD was approximately 8 units superior to that of the Holstein cow. 
Additionally, Devendra (1975) pointed out that the dairy goat is by far a more efficient in 
converting feed to milk than cows. At maintenance level, NRC (2001) suggested large and 
small breed dairy cows required in the order of 10.1 and 7.6 Meal, daily net energy, 
respectively. Jennings (1992) provided evidence showing that the Jamaica Hope cow [450 
kg BW] will produce in excess of 1.2 kg more milk per kg live weight compared to the 
Holstein cow [650 kg BW] (Table 5) when maintained on unsupplemented tropical pastures. 
More importantly, from this study, it was interesting to observe that 50% of the Holstein 
cows developed reproductive problems after the first lactation which prevented them from 
progressing further in the study further highlighting the superiority of the smaller breed dairy 
cow on unsupplemented tropical pastures. 

Therefore, since the energy and nutrient density of tropical pastures/ pastures (4.8 - 10 
MJ/kg DM [Hughes et al., 2012]) are relatively lower than those of temperate pastures and 
legumes and the nutritional requirements of the large breed dairy cow is greater, tropical 
pastures are better able to meet the energy and nutritional requirements of animals of 
smaller body size. This is further validated with the data presented on yield/unit live weight 
of the dairy goat (Prakesh and Khanna, 1972; Devendra and Burns, 1970). 

Table 4. Milk yield per 100kg digestible organic matter (DOM) of goats, cows and 
buffalo 

Specie/Breed Location Milk yield (kg) Reference 
Daily Per 100kg DOM 

Goats 
British Alpine Trinidad 5.0 125.6 Devendra 1975 
Anglo-Nubian Trinidad 2.6 71.7 Devendra 1975 
French Alpine Guadeloupe 1.4 145.0 Devendra 1975 
Jamunapari Devendra 1975 

Cross Malysia 0.9 67.1 
Cows 

Zebu/Holstein Trinidad 7.7 86.0 Devendra 1975 
Local Indian Malysia 3.6 101.5 Devendra 1975 
Holstein Jamaica 6.8 77.3 Jennings 1992* 
Jamaica Hope Jamaica 7.5 85.2 Jennings 1992* 

Buffalo 
Murrah India 5.9 73.6 Devendra 1975 

Grass only/unsupplmented diet 
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Table 5. Comparison of milk yield/kg live weight of goats, cows and buffalo 

Average 
Average live Yield/kg 
milk yield weight live 

Species (kg) (kg) weight Reference 
Goats 

3/4 Anglo-Nubian χ Devendra & Burns 
Local 236.8 55.5 4.2 1970 

Prakesh & Khanna, 
Beetal 181.0 22.7 8.0 1972 
F1 Anglo-Nubian χ Devendra & Burns 

Local 295.5 41.8 7.1 1970 
Cows 

Jamaica Hope 2,207. 408.5 5.4 Jennings 1992* 
Holstein 1,885 464.5 4.1 Jennings 1992* 

Devendra & Burns 
Jersey 1,377.3 409.1 3.4 1970 

Buffalo 
Devendra & Burns 

Murrah 1,814.1 454.5 4.0 1970 

Grass only/unsupplmented diet 

Informed Decision Making Prior to Grazing 

Traditional methods used to determine pasture nutritive value and characteristics are time 
consuming as they require destructive sampling, exhaustive and expensive laboratory 
assays. As a result the outcome of these assays has very little impact on present and 
immediate decision making to inform and guide the grazing/feeding process. Hence, the 
need exist to develop alternative methods and tools capable of providing instantaneous 
information on pasture condition prior to grazing which will facilitate judicious 
supplementation. The chlorophyll meter seems to be one such tool with great potential. In 
fact, Madakadze et al. (1999) tested the accuracy of the SPAD 502 chlorophyll meter to 
predict yield and Ν (crude protein) concentration of Switch grass (Panicum virgatum L). This 
close association between tissue chlorophyll and Ν exist because green tissue contains the 
majority of plant N. Starks et al. (2006) also reported that indirect chlorophyll measurements 
(NDVI) are strongly correlated with other plant macro-constituents such as NDF and ADF. 
However, much more calibration studies are needed to truly asses the utility of chlorophyll 
meters. Other methods have been tested, for example, the rising plate meter and sward 
stick for estimating herbage mass but the vertically heterogeneous nature of tropical pasture 
were the main limitations hindering their accuracy. 

Conclusion 

Seasonal fluctuations in pasture supply, high structural carbohydrate concentration and 
sward morphological structure that inhibits maximizing intake at grazing remain the most 
significant environmental and grass-related limitations to intake and nutrient absorption from 
tropical pastures. However, these limitations are preceded by the slow adaptation and 
utilization of proven practical management approaches aimed towards improving utilization 
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efficiency and intake of tropical pastures. Knowledge pertaining to production, utilization 
and management of tropical pasture is extensive. For example, quality, quantity and 
availability and animal response from tropical pastures and the factors affecting them have 
been widely researched. The seminal work by Vicente Chandler et al. (1968) investigating 
management factors for improving both quality and quantity of tropical pasture have since 
been vastly extended. Earlier reports suggesting tropical pastures are incapable of 
supporting mid-high levels of animal output have been dispelled by numerous studies. 
Moreover, the introduction of improved tropical grass species has contributed significantly to 
increased animal production from tropical pastures, particularly due to the superior growth 
rate and dry matter production which facilitated increased stocking rates and carrying 
capacity. 

What is lacking is in-depth understanding of the sward-animal interface as it relates to sward 
morphological conditions necessary to optimizing intake at grazing and simple and accurate 
tools for providing real-time information on sward characteristics and nutritive value. 
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THE AGOUTI/CUTIA/PICURE/KONKONI/INDIAN RABBIT (DASYPROCTA LEOPRINA): 
A NEO-TROPICAL ANIMAL AS A COMPONENT OF AN INTEGRATED SUSTAINABLE 
ANIMAL PROTEIN PRODUCTION SYSTEM 

M.D. Singh\ W.M. Mollineau2, G. Bourne3, A.O. Adogwa3, R.A. MacFarlane4, J. Cowie1, 
D.A. Guimaraes5, S. Nogueira-Filho6 and G.W. Garcia1. Department of Food Production, 
University of the West Indies, Trinidad and Tobago, 2University of Trinidad and Tobago, 
3School of Veterinary Medicine, University of the West Indies, Trinidad and Tobago, 
4Forestry Division, Ministry of the Environment and Water Resources, Trinidad and Tobago, 
5instituto de Ciências Biolôgicas, Universidade Federal do Para, Brazil, 6Departamento de 
Ciências Agrârias e Ambientais, Universidade Estadual de Santa Cruz, Brazil 

ABSTRACT: The agouti/cutia/picure/konkoni/indian rabbit is one of the most widely 
distributed of the Neo-tropical animals. Today it can be found from northern Mexico in 
Central America down to Argentina in South America and on most Caribbean islands, with 
the exception of Antigua, Bahamas, Barbuda, Barbados, Jamaica and Nevis. 
Archaeological evidence has indicated that it existed on many of the sites within the 
Caribbean and it was found as far north as Antigua up to 2000 years ago. The agouti is the 
third largest rodent within the Neo-tropics [Capybara (Hydrochoerus hydrochaeris) ~60 kg, 
Paca (Agouti paca) ~12 kg and Agouti (Dasyprocta leporina) ~ 2-4 kg]. It is prized for its 
meat that retails in Trinidad and Tobago at $50-60 TTD or $8-12 USD per kilogram. The 
agouti has been reported to produce from 1 to 6 precocious young per litter with 3 
parturitions per year (every 127 days). Our experience has ranged from 1-5 young/litter, 
with only a maximum of 3 surviving. The animal has 4 pairs of mammary glands and all 
have been found to be functional. The agouti is a frugivore with a caecum that accounts for 
16% of the digestive system. This means that the animal can be fed exclusively on Neo-
tropical fruits and crops and as it is a rodent, feed processing or particle size reduction is not 
necessary. As a result, a model is being proposed to integrate agouti production with the 
production of Neo-tropical fruits and food crops so that value-added could be given to the 
wasted portions and non-marketable produce. In this way, agouti farming can be linked into 
agro-tourism and eco-tourism products. 

Keywords: Neotropical, Integrated, Sustainable, Animal Protein Production System. 
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THE APPLICATION OF BIOELECTRICAL IMPEDANCE ANALYSIS IN LIVE TROPICAL 
HAIR SHEEP AS A PREDICTOR OF BODY COMPOSITION UPON SLAUGHTER 

D. Avril1, C. Lallo1, V. Mlambo1 and G. Bourne2, department of Food Production, 
2Department of Veterinary Science, University of the West Indies, Trinidad and Tobago 

ABSTRACT: Animal management for breeding and marketing can be improved by precise 
measurement of desirable traits. Live animal body composition analysis facilitates the 
selection of animals that are best suited for the intended purpose. This study was designed 
to assess the accuracy of bioelectrical impedance analysis (BIA) predicted live body tissue 
composition, as a proxy for the estimation of carcass quality in Barbados Black Belly lambs. 
Thirty four Barbados Black Belly lambs were placed on an eight-week feeding regime and 
then slaughtered. A stratified random design was used to allocate animals diets with initial 
classification by live weight. The lambs were fed forage ad libitum and subjected to one of 
four diets; NS - non supplemented diet, TG - Trichantera gigantea supplemented, C100 -
concentrate supplemented for maintenance and C400 - concentrate supplemented for 
growth. The average age and weight at the time of slaughter were 206 d and 23.7 kg, 
respectively. A four terminal impedance analyzer (RJL Systems®) was used to generate 
BIA data from live animals immediately before slaughter. The chilled carcasses were then 
subject to chemical analysis for crude fat, crude protein and dry matter. Carcass quality 
traits affected (P < 0.05) by diets were fat mass, crude fat and fat to protein ratio. Live 
animal and carcass traits predicted by BIA included fat and fat-free mass, crude fat, crude 
protein, protein to fat ratio and tissue distribution. Regression equations were developed 
from BIA data obtained from the live animal to predict all carcass composition traits 
measured. Bioelectrical impedance analysis generated applicable results and justified its 
use as a practical application to carcass composition evaluation in live tropical hair sheep. 

Keywords: Hair Sheep, Lamb, Carcass Composition, Diet, Impedance. 
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THE WILDLIFE LAWS OF TRINIDAD AND TOBAGO AND THE IMPLICATIONS FOR 
WILDLIFE CONSERVATION, MANAGEMENT, PROTECTION AND UTILIZATION 

C.W. Rackal1, W.M. Mollineau2, R.A. MacFarlane3; M.D. Singh1, A.A. Blackman4 and G.W. 
Garcia1. department of Food Production, University of the West Indies, Trinidad and 
Tobago, 2University of Trinidad and Tobago, 3Forestry Division, Ministry of the Environment 
and Water Resources, Trinidad and Tobago, 4Attorney at Law, Trinidad and Tobago 

ABSTRACT: All organizations need rules to function. Society, as the most complex of 
organizations, needs a large variety of rules to govern relations within and between its 
members. There are two sorts of rules which regulate the activities of society. There are 
customs and conventions, and there are laws. There are two types of law - common law and 
statute law. Common law is made by the decisions of judges in particular cases. A 
legislative body (a Parliament) makes statute law. Laws are rules and customs, which 
provide some form regulation or control, limitation, protection, and penalty that the citizens 
of a community and nation by extension regard as binding upon them and can be enforced 
by the courts. Each country has its own laws and Trinidad and Tobago is no exception. In 
Trinidad and Tobago, the Ministry of the Environment and Water Resources is the principal 
Government Ministry with the responsibility for the Forestry Division who, through the 
Wildlife Section, is responsible for the conservation, protection and management of wildlife. 
Trinidad and Tobago has, over the years adopted two approaches to wildlife management: 
the first deals with the protection of individual species and populations; and the second, with 
the protection of habitats in which the species live. Inherent to these two approaches are the 
legal protection for the specie: management plans for their protection and ex-situ, ex-situ 
conservation. This paper seeks to identify, examine and make recommendations on the 
Laws of Trinidad and Tobago whose purview deals with Wildlife and its implications for 
Wildlife Conservation, Management, Production and Utilization. 

Keywords: Wildlife, Laws, Conservation, Management, Protection, Utilization. 
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TROPICAL FORAGES MULATO II GRASS (BRACHIARIA HYBRID, CIAT 36087) AND 
FORAGE SORGHUM (SORGHUM BICOLOR) FOR SILAGE CONSERVATION AND 
SHEEP PRODUCTION IN ST. KITTS AND NEVIS 

S. Borucki2, Α.. Hosein,1 I. Watts3, J. Berry3, and L.E. Phillip2. Caribbean Agricultural 
Research and Development Institute (CARDI), Trinidad and Tobago Unit; 2Animal Science 
Department, Faculty of Agricultural and Environmental Sciences, McGill University, Montreal 
Canada; 3Department of Agriculture, Ministry of Agriculture and Marine Resources of St. 
Kitts and Nevis 

ABSTRACT: Poor nutrition is a major factor limiting the productivity of small ruminants in St. 
Kitts and Nevis as well as in the wider Caribbean region. Inadequate quantity and quality of 
natural pastures during the dry season is a major constraint limiting the local supply of 
sheep and goat meat. The objectives of this study were the establishment of drought-
tolerant, high-yielding crops capable of good quality forage that could also be preserved as 
silage for year-round feeding of small ruminants. Two hectares of Mulato II grass (Brachiaria 
hybrid CIAT 36087) were planted in the dry season during February 2012, with a re-seeded 
section during April 2012. Forage yield after 12 weeks of successful establishment was 
4,783 kg of dry matter (DM) per ha. In July the Mulato grass was harvested and conserved 
as silage in 153 plastic bags of 20 kg and 550 silage bags of 11 kg, for a total yield of 
10,317 kg fresh ensiled material per ha. During the wet season after 3.5 weeks of re-growth, 
the Mulato grass produced 10,465 kg DM/ha, 2.2 times more forage compared to the dry 
season. For the forage sorghum (Sorghum bicolor), two cycles of Great Scott brown mid-rib 
were established and harvested: one in the dry season and the other in the wet season, 
March to May 2012 and November to January 2013, respectively. During the dry season the 
forage sorghum produced 1,870 kg DM/ ha with 81-day of growth, whereas in the rainy 
season, the forage sorghum produced 1.8 times higher, 3,429 kg DM/ha, with 53-day of 
growth. Successful establishment in the dry season and forage production during both the 
dry and wet season proved that Mulato grass and forage sorghum are valid forage options 
for small ruminant production under the Caribbean weather conditions, with the potential to 
increase farmers' income and provide year-round meat protein sources for these 
communities. 

Keywords: mulato grass; forage sorghum; silage conservation. 

Introduction 

Small ruminants can help address some of the causes of food insecurity. They are 
considered "micro-credit" for small farmers because they could be used as sources of food, 
fibre or sold anytime as a source of income (Sinn et al., 1999). Sheep and goats utilize 
feeds cut and carried from a wide variety of herbage (bushes and trees), and they could 
readily graze on crop residues, food wastes and agricultural by-products. They are ideal in 
mixed grazing systems, being able to utilize a wide variety of landscapes. The investment 
costs are lower compared to cattle which is ideal for limited resource families of the rural 
sector. 
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In St. Kitts and Nevis, the agriculture sector was historically dominated by sugar production, 
but the industry experienced a continuous decline in the last three decades and the 
Government decided to close it in 2005. In this framework, the Ministry of Agriculture and 
Marine Resources of St. Kitts (MAMR) and the Inter-American Institute for Cooperation in 
Agriculture IICA, developed the Agricultural Development Strategy (ADS) in 2006, with three 
major program components: livestock, crops and fisheries (IICA 2011). The aim of the 
livestock program is to transform livestock into a competitive sector through increased 
productivity, lower costs of production and improved carcass quality. 

St. Kitts and Nevis together with most CARICOM countries is a net importer of sheep and 
goat meat products, with a domestic production of only 12% of national consumption needs 
(Stanley, 2010). The trend indicates that the consumer demands for meats and meat 
preparations derived from small ruminants are strong and expected to expand with growing 
incomes and continued growth of the tourism sector. However, significant improvements in 
the production systems are required to improve their competitiveness and their contribution 
to the food supply. 

In St. Kitts as in many Caribbean islands, one of the major factors limiting productivity of 
small ruminants is poor nutrition. Insufficient forage during the dry season is a major 
constraint to ruminant productivity. Natural pastures cannot support the desired productivity 
of sheep and goats limiting the capacity to a certain level and for a short period of time. 
Cultivated pasture or forage banks are required with the aim to improve forage yield and 
nutritive value of the native grasses. The plane of nutrition must be considered in any 
strategy to increase reproductive performance (conception rate, neonatal losses), growth, 
health (disease control) and overall productivity (milk, final weight). 

Given the continued high world grain prices, the focus on forage-based feeding systems for 
small ruminants is imperative. Management strategies involve the selection of varieties 
adapted to the dry season that would increase the amount and quality of forage, together 
with conservation techniques and by- product supplementation strategies in period of 
shortages. The Caribbean Agricultural Research and Development Institute (CARDI) 
Research Program promotes forage species like the 'Mulato' grass (Brachiaria spp.) in the 
region (Gibson and Hosein, 2008; CARDI 2011). This forage crop is easy to sow and 
establish, and is well adapted to the regional weather conditions. It is attractive because it 
provides quality and quantity of biomass and the stools are well rooted so it helps prevent 
livestock overgrazing and destruction of natural pastures (erosion and biodiversity loss). 
Areas of abandoned sugar cane in St. Kitts and Nevis could be efficiently used. Natural 
legumes trees and shrubs in the area (Leucaena leucocephala, Gliricidia sepium) that are 
normally used as fences, would provide pruned branches and leaves rich in protein to 
supplement the small ruminants diet (Asiedu and Fearon, 1994). 

Technologies aimed at transferring a high production of the forage during the wet season 
towards the dry season must also be developed (Asiedu et al. 1997). Harvesting for hay is 
difficult and sometimes not possible and the option for conserving grasses is ensilage 
(Titterton and Bareeba, 1999). Tropical grasses and legumes are not ideal ensilage 
material, largely because at cutting they have a low level of the water soluble carbohydrates 
which are essential for successful ensilage (Buxton and O'Kiely, 2003). Alternative crops, 
such as grain sorghum or forage sorghum which are drought tolerant yet high yielding, have 
been investigated as silage crops and found to be suitable (Bolsen et al., 2003). 
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Objectives 

General 

Increase the quantity and quality of forage production year round to meet the nutrient 
requirements of sheep thereby increasing the productivity and market stability of small 
ruminants in St. Kitts. Introduce the "drum" silage technique to conserve the forages from 
periods of high production (wet season) and use them in periods of low production (dry 
season). 

Specific 

To evaluate the establishment and production of both Mulato II grass and Forage Sorghum 
using adequate pasture management practices. 

To evaluate the silage produced by both Mulato grass and Forage sorghum using the "drum 
silage" conservation technique. 

Materials and Methods 

Agronomic Practices 

First Cycle. 2012 Forage Sorghum 

Two has of Great Scott brown mid-rib (BMR) Forage Sorghum were seeded in March 2nd, 
2012, at a rate of 22.4 kg/ha in rows separated by 0.6 m. A tractor drawn trail harrow and 
spring rake were used for land preparation. The land was leveled and the stones and 
boulders on the soil were removed to avoid breaking the harvester blades. At 52 days 
growth, 227 kg of NPK (15:15:15) was applied. A severe weed infestation was observed, 
with the majority of the plants stunted and with a degree of yellowing on the NW side of the 
field. About 30-40% of the weeds were Guinea grass, and local weeds as "Mussambay". 

The Forage Sorghum was harvested between 80 and 90 days of growth producing 6,789 kg 
fresh forage/ha (1,870 kg dry matter, DM) at the milk dough stage (30% DM). A New 
Holland flail harvester Model 38 (Growers Equipment, Davies, FL) was used to harvest the 
forages; the bar holding the blades was raised to a height of approximately 30 cm to allow 
for clearance of any stones in the field and avoid soil contamination of the chopped forage 
The chop length was 5 - 16 cm with optimum DM evidenced by hand-squeezing a sample 
of the chopped material for 1 minute and no water was found to be dripping, and the forage 
sprung back quickly to its original form. 

Silage Making Process 

The Forage Sorghum was harvested and filled into plastic bags (drum liners) using a split 
drum as a "mould". The size of the bag was 0.6 m diameter of base and 1.2 m tall. The 
drum was filled with forage and primary packing was done by stomping the forage inside the 
drum by feet. The final compaction was done using a mechanical compactor (Pack-Master, 
S&G Enterprises Inc. Germantown, Wl). Mechanical compaction was a very slow process 
and rendered silage bags only 2-4 lb heavier. Most of the bags were then compacted by 
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feet stomping. The end of the bag was twisted to tightly remove all air inside the bag and 
the closure secured with strong twist ties. A total of 325 bags of silage were completed with 
an average bag weight of 73 kg (160 lb). The process required extreme caution to avoid 
puncturing the silage bags. Farmers were requested to store the bags over a gravel base 
protected with a surrounding area of lime (calcium hydroxide) to avoid rodents. Silage bags 
were stacked in a pyramid shape to a height with no more than 3 layers. The bags were 
covered with a green tarpaulin to avoid the condensation and sunlight on the bags. 

2nd Cycle. 2012-13 Forage Sorghum (Section D) 

One ha was harrowed, fertilized with 110 kg/ha of urea and seeded with Great Scott BMR in 
November 2nd at a rate of 22.4 kg seed/ ha in rows 0.6 m apart. A spray insecticide 
(Newmectin, abamectin; MAI-Caribbean Ltd.) was applied to the plant (250 ml/ha) in 
December 11th. A post-emergent, broad-leaf herbicide was also applied at a rate of 4.4 ml/L 
(2,4-Dichlorophenoxyacetic acid, 2,4-D). This section was harvested during the period of 
January 22-23, 2013 and 1,814 kg of fresh forage material were bagged in 160 bags of 11,3 
kg (25 lb). 

Mulato II Grass 

Establishment 

Two has of Mulato II grass (Brachiaria hybrid CIAT 36087) were planted in February 3rd of 
2012. The land was harrowed with a tractor drawn trail harrow and leveled. The stones and 
boulders on the soil were removed to avoid breaking the harvester blades. Mulato II was 
seeded at a rate of 11 kg/ ha in rows 0.6 m apart. Dry weather conditions and a low 
germination rate (35%) caused a high degree of weed infestation. 

As a field demonstration exercise, 0.40 has (1 acre) of Mulato II was re-seeded at Belle Vue 
on April 19, 2012. The field was ploughed, fertilized with NPK 20:10:10 at a rate of 110 kg/ 
ha and rotovated to a fine tilth. Prowl was applied at a rate of 7.7 ml/L as a pre-emergent 
herbicide (pendimethalin) two weeks before seeding. The seeding rate was increased to 
18kg /ha to compensate the low germination rate in rows 0.6 m apart. A beet seed plate 
was used and the seeder was adjusted to 3.8 cm. Moisture was ensured after two days of 
seeding using a fire truck as a temporary irrigation system. On June 2nd and June 13, 2012, 
a post-emergent, broad-leaf herbicide was applied at a rate of 4.4 ml/L (2, 4 D; 2,4-
Dichlorophenoxyacetic acid). Fertilization with 110 kg/ ha of NPK (15:15:10) was applied 
with the rain split one month apart. A contact non-selective herbicide was applied (Paraquat; 
1, 1'-dimethyl-4,4'-bipyridium-ion dichloride) between rows in July, only under no-wind 
conditions to avoid spray drift onto the crop. 

The Mulato grass was divided into different areas and harvested or brush cut based on 
experimental needs. It was harvested for silage preparation between July 2012 and 
February 2013, following the same procedure as that for the Forage Sorghum. After the 
forage harvest or brush cut, the Mulato was fertilized with 110 or 224 kg/ha of NPK 
(15:15:15) or 67 lb to 300 kg/ ha of urea based on the conditions of each section, after rainy 
periods. The sections were examined for weeds and 2, 4 D (phenoxy/ phenoxyacetic acid) 
was applied targeting broad-leaf weeds. 
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Silage Preparation 

The Mulato II grass harvested material was packed in a 0.76 m diameter plastic container 
with a height of 0.6 m, with the aim of producing smaller silage bags for easier handling. 

Forage Sampling and Analysis 

The sampling was based on the homogeneity of the sward, and divided by sections A'B'C' 
in the Mulato II, and D'E' in the Forage Sorghum. A plastic quadrat of 0.46 χ 0.46 m was 
used for measurements and sampling for Mulato II and a quadrat of 0.90 χ 0.90 m was used 
for Forage Sorghum. Samples were taken by walking across the field using imaginary lines 
joining fence posts. The quadrat was placed on the ground every 30 paces and all the 
plants within the quadrat were counted as well as the number of tillers in the case of the 
Forage Sorghum. The material was sampled cutting 15.2 cm from the ground for Mulato II 
and 22.8 cm for the Forage sorghum, removing any soil attached to the plant. The fresh 
weight was taken and the samples placed in an oven to dry for two days at 65° C and the 
dry weight recorded. The scale used was an AWS Blade digital scale. Also, measurements 
of height and stem diameters were taken from three randomly selected plants within the 
quadrat and the averages calculated. The sorghum coverage within the quadrat was 
estimated visually. Other observations included: plant physiological state, presence of 
diseases or pests, general health of the sward. Samples were taken March 01, May 21, 
July 10, August 22, September 05 and December 18, 2012. 

Results and Discussion 

Forage Establishment 

The first cycle of Forage Sorghum was established in the dry season, with a higher seed 
planting density than recommended (25 vs. 10 kg/ ha), and with no irrigation. This caused a 
high degree of weed infestation and reduced the Forage Sorghum yields. The evolution of 
the area covered by sorghum was better in the wet season (cycle 2), but only 50% of the 
area was covered by Forage Sorghum plants (Table 1). The plants never achieved the 
height potential (2 m) for this variety (Bean et al. 2010); the maximum height was no greater 
than 0.90 m. This is primary because of the lack of soil moisture and the low fertility status 
of the soils. 

The Mulato II grass first seeded in February 2012 was not successfully established and a 
strategic re-seeding of a 30% of this area was effective in mid-April. The evolution of 
establishment was slow; it took seven months from March to September to cover 98% of the 
soil for Mulato II grass (Figure 1, Table 2). Some of the areas still have some patches of 
bare soil and weeds, but in general the Mulato II grass was successfully established 
considering that seeding was done in the dry season. 

Biomass production and conservation 

Forage sorghum 

The first cycle of Forage Sorghum produced 1,870 kg dry matter/ha (DM) and 6,789 kg 
fresh forage/ha were harvested at a milk dough stage (30% DM) with 84 days of growth 
during the dry season - March to May 2012 (Figure 2). For the second cycle Forage 
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Sorghum (2012-2013) D' section was harvested in January 22 and 23, 2013 (81 days of 
growth) producing an estimate of 6,299 kg DM/ ha (Figure 3), 3.6 times higher compared to 
the dry season cycle one. Another section E' which was seeded a month later, produced 
only 2,307 kg/ha DM and it was harvested at 71 d of maturity. This area was seeded with a 
lower density to avoid volting, following the company's advice, but suffered more pest 
damage by worms and monkeys. Local wild primates have apparently discovered the 
sweetness of the Forage Sorghum stalks and developed a taste for sorghum grains. The 
estimated damage was 20 to 25% of the field. Research plots for Forage Sorghum Great 
Scott BMR (Bean et al. 2010) show a potential yield of 26,697 kg of DM/ha, under optimal 
conditions with irrigation. Only 23% of this variety's production potential was achieved 
(Section D') in January 22, 2013. 

The Forage Sorghum re-growth was analyzed for both cycles but the biomass produced 
was not encouraging (see Figures 2 and 3). Cycle One produced 352 kg DM/ha re-growth 
after 50 d of harvest, whereas the cycle two (Section D') produced 674 kg DM/ha of re-
growth after 23 d of harvest. The Great Scott BMR variety was selected because of its good 
quality for forage conservation, disregarding any re-growth capability. The first cycle of 
forage sorghum was harvested with a chop length of 5 - 16 cm, and was ensiled into 325 
silage bags of 73 kg (160 lb). For the second cycle only 1,814 kg of fresh harvested 
material was ensiled (Section D') in 160 bags of 11.3 kg (25 lb), and 1,428 kg fresh were 
ensiled (Section E') in 126 bags of 11.3 kg (25 lb). The silage was well prepared based on 
the pH measurements obtained for the first month (Table 3). 

Mulato II Grass 

Mulato II grass biomass production is presented in Figure 4. The establishment occurred in 
a harsh dry season (12 weeks April through June, 2012) were the Mulato II grass achieved 
a production of 4,783 kg DM/ha. After harvest in July 27, during the re-growth in 2012 wet 
season, the Mulato II grass produced 15,286 kg DM/ha in 6 weeks (Sections B', A') 12,771 
kg DM/ha (Section C') and the maximum achieved for the wet season was 17,424 kg DM/ha 
growth (Section C) for a period of 12 weeks (July 27 to October 26). This biomass 
production is comparable and exceeds those results found in research plots for 6 weeks: 
13,354 kg DM/ha, at the Sugarcane Feeds Centre (SFC) in Trinidad and Tobago (CARDI, 
2008). 

The total amount of silage prepared from the 2 has of Mulato II grass was 14,308 kg of fresh 
forage. Mulato II Section C' was harvested for silage preparation during the period July 24-
27, 2012, and the forage was conserved in 153 bags of 20.4 kg (45 lb) for a total of 3,121 kg 
fresh conserved. Section A' was ensiled from November 1 to 15, 2012, producing 550 silage 
bags of 11.3 kg (25 lb) (6,215 kg conserved). In 2013, Section B' was harvested in February 
10, producing 440 silage bags of 11,3 kg (25 lb), with a total of 4,972 total kg conserved. 
The silage was well prepared based on the pH measurements obtained for the first months 
(Table 4). The first ensiled harvest (July 2012) presented very good preservation 
characteristic based on pH measures obtained at 6 and 7 months from harvest. The second 
harvest (November 2012) also shows very good pH measures and signs of very good 
preservation. On the last harvest of Mulato II grass, however (February 2013) one of the 
batches is clearly spoiled based on pH measures higher than 6. This is a clear symptom 
that the acidic processes characteristic of normally ensiling did not happen and the forage 
spoiled. This case is under investigation. 
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Conclusions 

Both Mulato II grass and Forage Sorghum forage crops were successfully established in the 
dry season 2012 in St. Kitts and Nevis, showing promising establishment and production 
potential for ruminant species in the Caribbean Region. Both forages increased their yields 
in the wet season producing a surplus of forage that was conserved using the silage 
technique. 

Mulato II grass was able to cover 98% of the soil in 20 weeks, producing similar yields for 
the wet season comparable to results obtained at Research Stations in the Caribbean. 
Mulato II grass proved its potential to produce a total of 54,700 kg DM/ ha a year. Forage 
Sorghum seeding and growing conditions resulted in only a 50% coverage of the area, 
producing 3.6 times higher kg of DM biomass/ ha (6,299) when seeded in the wet season 
compared to the dry season (1,870). We only achieved 23% of this Forage Sorghum 
variety's potential, so there is still room to improve the management practices on this forage 
crop. Both Forage Sorghum and Mulato II grass proved to be successfully conserved using 
the silage technique, with optimal pH obtained after 6 months of storage. 
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Figure 4. Biomass Production MULATO II GRASS during the dry and wet 
season 2012. April to October. Sections A, B, C. 

Table 3. FORAGE SORGHUM Silage Conservation pH measurements. 

Date of silage 
preparation 

Date of 
Measurement 

Days of 
silage Sample # 

conservation 
pH 

Conditions of 
preservation 

May 24, 2012 

January 22, 2012 

July 10, 2012 
February 20, 

2013 

1 month 

1 month 

3 

5 

4.21 

4.33 

very good 

very good 

Table 4. MULATO II GRASS Silage Conservation pH measurements. 

Date of silage Date of Days of Batch Sample # pH Conditions of 
preparation Measurement conservation (if present) Sample # pH preservation 
July 27, 2012 Sept. 20, 2012 1 month - 5 5.64 acceptable 
July 27, 2012 Jan. 22,2013 6 months - 5 4.47 very good 
July 27, 2012 Feb. 20, 2013 7 months - 5 4.5 very good 
Nov. 10, 2012 Jan. 22,2013 2 months 1 5 4.6 good 
Nov. 10, 2012 Jan. 22,2013 2 months 2 5 4.95 good 
Feb. 2013 Feb. 20, 2013 3 weeks 1 5 4.32 very good 
Feb. 2013 Feb. 20, 2013 3 weeks 2 5 8.32 spoiled 
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VALUE ADDED PRODUCTS FROM ΝΕΟ TROPICAL WILDLIFE 

M.D. Singh1, W. Townsend 2'3, and G. Garcia1. department of Food Production, 
University of the West Indies, Trinidad and Tobago, 2Organization for Tropical 
Studies, Costa Rica, 3Noel Kempff Mercado Natural History Museum, Bolivia 

ABSTRACT: The Neotropics are a biodiversity hot spot, which boasts of over 1100 
mammalian species, 70 reptilian species as well as 800 amphibious species. Hunter 
return cards indicated that over 7000 agouti (Dasyprocta leporina), 3000 deer 
(Mazama americana), 3000 lappe (Agouti paca/Cuniculus paca), 3300 caimans 
(Caiman crocodilis/C. sclerops), 1200 wild hogs (Tayassu tajacu/T. pecari) and 3300 
tattoo (Dasypus novemcintus) were harvested from Trinidad's forests in 2011. This 
represents tremendous amounts of raw materials for value added products in the 
form of leather, key chains, wallets, false eye lashes and pendants. Indigenous 
animals are principally harvested for their meat, which is quite a delicacy; however, 
the discarded portions of the carcass can be used for household items, such as 
scrapers, paint brushes (hair), musical instruments and jewelry. These items also 
provide an opportunity for added income in the form of souvenirs for locals as well as 
tourists. The farming of non-domestic species, when well-managed, is a very 
important activity for conservation as well as an alternative for the production of 
animal protein for human consumption, especially for island or land limited 
communities. Wildlife farming may also provide an opportunity to retail value -
added products in addition to meat, which will contribute to the overall economic 
benefits of such an enterprise. 

Keywords: Value Added, Neo Tropical Wildlife, Hunting. 
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WILDLIFE FARMING AND SUSTAINABLE ECO-TOURISM: THE OPPORTUNITY 

M.D. Singh1, R. Singh1, W. Townsend2·3, N.AIberquerque3, and G. Garcia1, 
department of Food Production, University of the West Indies, Trinidad and 
Tobago, 2Organization for Tropical Studies, Costa Rica, 3Noel Kempff Mercado 
Natural History Museum, Bolivia 

ABSTRACT: Tourism is one of the Caribbean's main sources of income, 
employment, hard currency earnings and economic growth. At the same time, recent 
research suggests that mass tourism in small Caribbean islands has sacrificed 
environmental stability for rapid growth and prompted a call for more sustainable 
alternatives. The Caribbean region also depends heavily on foreign food imports to 
feed their population as well as their tourists. An increase in meat production from 
non-domestic species can be linked to sustainable food production and tourism by 
farming animals which are well adapted to the Neo tropics. Over 1100 species of 
mammals can be found in the Neo-tropics, with many either threatened or on the 
verge of extinction. Wildlife farming or captive rearing systems can serve several 
functions: for conservation of the species, as eco tourist attractions and for food 
production. Indigenous species have provided food for peoples for generations; 
hence these Neo tropical animal wildlife farms have the potential to also provide a 
taste of indigenous foods to both locals and visitors. These approaches will ensure 
that communities are involved and integrate tourism, food production and 
conservation into economic activities. The wildlife farm eco experience will provide 
for environmental awareness as well as contribute to sustainable food production for 
the Neo tropics. 

Keywords: Wildlife, Farming, Sustainable, Eco Tourism, Neo Tropics. 
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A PRELIMINARY INVESTIGATION ON THE USE OF AN Aloes barbadense 
EXTRACT IN THE STARTER AND FINISHING PHASES OF BROILERS ON 
CONVENTIONAL DIETS 

A. Mohammed. Biosciences, Agriculture and Food Technologies Unit, University of 
Trinidad and Tobago, Trinidad and Tobago 

ABSTRACT: Contracted poultry producers of the Warner Grain Mills Company, 
Trinidad, traditionally grind one thick leaf of the Aloe barbadense (aloes) plant, and 
place the extract containing the green leaf and pulp into 300 gallons tanks allowing 
the exudate to diffuse during the first four weeks starter phase of broiler production. 
Although this practice has been reputed to produce heavier birds, no systematic 
study in Trinidad has been carried out to verify these 'claims' of local farmers. A 
preliminary investigation was therefore carried to compare growth rates, Feed 
Conversion efficiencies (FCR), Dressing percentages and taste characteristics of 
oven baked bland products from two batches of 100 broilers fed, watered, brooded 
and vaccinated according to standard practices. Both batches of broilers were fed 
starter (4 wks) and finisher rations (3 wks) ad libitum, except to one batch only, for 
the entire period, a 15ml per 3 L extract of the white slush of peeled aloe vera slush 
via a 300 gallon water tanks. Broiler weights via pen and pen X sex were subjected 
to ANOVA from week 2 (20 cf 20), weeks 3 to 6 (10 cocks and 10 hens from each 
pen). All birds weighed in the seventh week (92 cf 89) and dressing percentages 
compared (43 cf 46). Organoleptic taste tests using unknown bland oven baked leg 
and thigh samples were fed to 46 tasters (ages 15 to 50) to characterize the 
tenderness, juiciness and flavor of both samples using a three point ranking system 
and subjected to Chi Square (n=2). During the second (p< 0.0001) and third (p < 
0.05) weeks mean broiler weights for the aloes added water pen was significantly 
higher than that of broilers fed conventional feed. In the third week the Feed 
Conversion efficiency (FCR) for the aloes added feed was lower (1.16) compared 
with the conventional feed (1.31). The dressing percentages of dressed carcass and 
taste characteristics were not different (p> 0.05) for the two diets. The use of aloe 
vera extracts does appear to enhance growth and Feed Conversion Efficiency in the 
starter phase of broiler production. This could be a simple mechanism to reduce the 
cost of feeding of broilers in the starter phase of poultry production. Also there do not 
appear to be any difference in the tenderness, juiciness and flavor of the aloes 
added water broiler bird bland baked product. 

Keywords: Aloe, Broilers, Diet. 
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A REVIEW OF THE ENVIRONMENTAL AND WILDLIFE LAWS OF CARICOM 

C.W. Rackal1, R.A. MacFarlane2, A. Blackman3, and G.W. Garcia1. 1 Department of 
Food Production, University of the West Indies, Trinidad and Tobago 2Forestry 
Division, Ministry of the Environment and Water Resources, Trinidad and Tobago, 
3Attorney at Law, Trinidad and Tobago 

ABSTRACT: The "Neo-tropics" or "New World Tropics" is a region of the earth found 
between the Tropics of Cancer and the Tropics of Capricorn. It consists of the areas 
that includes Central America, South America and the Caribbean. It ranges from 
Southern Mexico to Northern Argentina and includes the Caribbean. The Caribbean 
is an exceptionally diverse place in every way imaginable and is found directly within 
the Neotropics with Trinidad and Tobago being centrally located. Not only does the 
landscape change dramatically from one island to the next, but the culture and 
ecology of each island presents new and exotic differences. This diversity is 
underscored by a shared dependence on similar resources, necessitating a certain 
amount of collusion when it comes to conservation. As a region, each independent 
nation, need rules to function. Society, as the most complex of organizations, needs 
a large variety of rules to govern relations with and between its members. There are 
two sorts of rules which regulate the activities of society. There are customs and 
conventions, and there are laws. There are two types of law - common law and 
statute law. Common law is made by the decisions of judges in particular cases. A 
legislative body (a Parliament) makes statute law. Laws are rules and customs, 
which provide some form control, limitation, protection, and penalty that the citizens 
of a community and nation by extension regard as binding upon them and can be 
enforced by the courts. The Caricom region has many laws relating to the hunting of 
wildlife, the environment but, at the same time, the lack of institutional management 
and capacity to implement and enforce them has constrained their effectiveness. 
This paper seeks to identify for Caricom Member States the relevant acts or pieces 
of legislation, Ministries and or Governmental departments whose responsibility of 
the environment and wildlife, which is directly, interdependent on each other 

Keywords: Neotropics, Laws, Wildlife, Protection, Management. 
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EFECTO DEL NIVEL DE SALINIDAD EN EL AGUA SOBRE LA SUPERVIVENCIA 
DE ALEVINES DE TILAPIA ROJA (OREOCHROMIS SP.) Y NILÔTICA 
( OREOCHROMIS NILOTICUS) EN LA FASE DE PRE-CRÎA, BAJO 
CONDICIONES CONTROLADAS 

M. Reyes, C.L. Hernândez, Y. M. Sosa, V. Rodriguez y D. Valerio. Institute 
Dominicano de investigaciones Agropecuarias y Forestales, Centro de Producciôn 
Animal, Estaciôn Experimental Acuicola Santiago del IDIAF, Universidad ISA, 
Proyecto de Desarrollo de Tecnologias para el Fomento de la Acuicultura en la Rep. 
Dom. (PRODETAR) IDIAF- Misiôn Técnica de la Repûblica China de Taiwan 

RESUMEN: Este trabajo tuvo como objetivo evaluar el efecto del nivel de salinidad 
en agua, sobre el crecimiento y supervivencia de tilapia roja y nilôtica, bajo 
condiciones controladas de laboratorio. Esta investigaciôn se realizô durante el 
periodo correspondiente a los meses de septiembre y noviembre del 2012, en la 
Estaciôn Experimental Acuicola ISA/IDIAF, localizada en la Universidad ISA, 
Santiago, Repûblica Dominicana. Se utilizô un diseiïo completamente al azar en un 
arreglo factorial con dos factores y 3 repeticiones. El factor A, corresponde al 
genotipo (tilapia roja y tilapia nilôtica) y el factor B, representa los niveles de 
salinidad (0, 15, 25 y 35 ppt). Las variables evaluadas fueron tasa de supervivencia, 
rendimiento y relaciôn beneficio-costo. Los resultados obtenidos muestran que la 
supervivencia de las tilapias fue afectada por la salinidad y el genotipo (p=0.000), 
donde la mayor tasa se alcanzô con el nivel de 0 ppt de salinidad (agua dulce) con 
96%. En cuanto al genotipo, la tasa de supervivencia fue mayor en la tilapia nilôtica 
(65.7%). El mayor rendimiento se obtuvo con el nivel de salinidad 0 ppt (p=0.000), 
en torno a 0.29 kg/m2, destacandose la tilapia nilôtica por un rendimiento superior de 
0.19 kg/m2. La relaciôn beneficio-costo fue superior para la tilapia nilôtica (0.7) y el 
nivel de salinidad de 0 ppt. En conclusion, existe un efecto adverso de la salinidad 
sobre la supervivencia y el rendimiento, observandose una tendencia a una 
disminuciôn conforme se incrementa su concentraciôn. Asimismo, el genotipo de 
tilapia nilôtica présenta mayor tolerancia a la salinidad que la roja. 

Palabras claves: Salinidad del Agua, Tilapia, Genotipo, Rendimiento, Pre-Cria. 
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ETHNOCUISINEOLOGY- CARIBBEAN PORK FABRICATION 

R. Mohammed and D. Browne. Biosciences, Agriculture and Food Technologies 
Unit, University of Trinidad and Tobago, Trinidad and Tobago 

ABSTRACT: Fabrication is a process where a part of or a whole carcass is trimmed 
of excess fat and silver skin and cut into portions based on size, anatomical location 
and more significantly the specifications of the intended consumers. Pork is one of 
the most consumed meats in Trinidad and Tobago and this likeness expands to the 
other Caribbean islands as well. Lean pork when trimmed of visible fat is very 
nutrient dense and could form essential part of a healthy diet. The fat in pork is trans-
fat free, making trimmed pork suitable for cholesterol-lowering and healthy heart 
diets. Pork has a high mineral content of Phosphorus, Selenium, Sodium, Zinc, 
Potassium and Copper. It is also enriched with Vitamin B6, Vitamin B12, Thiamin, 
Niacin, Riboflavin and Pantothenic Acid. Pork carcass after slaughter is generally 
split down the backbone, dividing the carcass into bilateral halves. Like the beef 
carcass, each side of the pig carcass is then further broken down into the 
primal/primary cuts: shoulder, Boston butt, belly, loin and fresh ham. These primal 
cuts however are further fabricated into sub-primal cuts or retail cuts. The loin 
contains the highest-quality meat and is the most expensive cut of pork. American 
and European methods of carcass fabrication produce cuts which fetch a higher 
price. In the Caribbean however, market demands differ slightly. In Trinidad and 
Tobago and the Caribbean, cultural preferences lead to a demand for more stew 
cuts than high quality cuts. This has led to the need to alter the fabricating process to 
allow maximum profits of producers and total consumer satisfaction for Caribbean 
markets. Pigs are normally slaughtered at 50kgs in Trinidad and Tobago. The 
average dressing percentage of a pig is 65-70%. The price per kg of fresh pork 
ranges from TT $7.50 to $TT 13.50 depending on its cut. The value of the pig 
carcass can be increased by an average of TT$300.00 depending on its size by its 
fabrication technique. Fabrication is a necessary process of value addition, however 
the market/consumers ultimately decide what method of fabrication should be 
employed if maximum profits are to be made. 

Keywords: Ethnocuisine, Pork, Fabrication. 
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FEEDING THE AGOUTI (DASYPROCTA LEOPORINA): A NEO-TROPICAL 
RODENT WITH POTENTIAL FORSEMI INTENSIVE PRODUCTION 

S. Sookram\ M.D. Singh\ W.M. Mollineau2, S. Ramoutar1 and G.W. Garcia1, 
department of Food Production, University of the West Indies, Trinidad and 
Tobago, 2 University of Trinidad and Tobago, Trinidad and Tobago 

ABSTRACT: The agouti (Dasyprocta leporina) is the most hunted species in 
Trinidad and Tobago. Semi intensive systems for captive rearing are being 
developed in order to decrease the burden on the wild populations, as well as, to 
provide business opportunities for rural communities. This study was done to 
evaluate the feeding hierarchy of male and female agouti in order to understand their 
feeding temperament in captivity. Four groups of agoutis were monitored each day 
when fed. Observations were made to determine if there was any dominant feeder 
based on the sex of the animal. The animals were fed for 20 days at the same time 
in a feeding trough. The observations showed male dominance in three of the four 
cages. The males ate from the trough before the females, in some cases; they went 
into the troughs and grunt or move their bodies in an aggressive manner preventing 
the females from feeding in the area. Most days, several females would eat of the 
ground where grains of feed fell without coming in contact with the males. In one 
cage, a single female showed dominance over the others. Males showed dominance 
in feeding in social colonies which suggests that the nutrition and quantity of food left 
for the females may affect their growth and performance. Further studies can be 
done to determine whether females in estrus release pheromones that may have any 
effect on feeding in males. 

Keywords: Agouti, Neo Tropical, Rodent, Production, Hunting. 
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INTRODUCING AN AQUAPONICS SYSTEM FOR USE IN HOUSEHOLDS IN 
SURINAME 

B. Kasmiran, V. Boejharat, and L. Ori. Department of Agriculture, University of 
Suriname, Suriname 

ABSTRACT: Aquaponics is a relatively new technology, and is still in the 
experimental phase in Suriname. It is an interesting option for anyone looking to 
grow their own plants with the benefit of using fish as the nutrient source. In general 
an aquaponics system is made up of a tank containing fish, and one or more grow 
beds for vegetable production. The purpose of this study was to design and 
construct an aquaponics system for small households and to evaluate lettuce and 
tilapia production. The methodology in this design used fish waste as nutrients to the 
plants which were in a grow bed, and after the plants filtered the water, it traveled 
back into the fish tank creating a recirculating system. The fish water was pumped 
into the grow beds through a system of pipes. The grow bed used in this study was 
filled with gravel, clay pebbles and water. The lettuce plants used the nutrients from 
this water and in this way the filtered water was ready for use by the fish. In addition 
to plant and fish variables, water quality tests were conducted to check the nitrogen 
level, oxygen level, pH, and temperature to make sure that the levels of the various 
parameters were favorable for the fish and enough fertilizer for the plants. 
Preliminary results of this investigation: included: fine tuning of lettuce nutrient 
requirements; establishment of fish parameters that provides optimal nutrition to 
plants; verification of results in several aquaponics trials; and application of the 
methodology to grow crops other than lettuce. 

Keywords: Aquaponics, Households, Suriname 
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POSTHARVEST EFFECT ON VIBRIO SPP. IN SHRIMP (PENAEUS SPP.) 
SOLD BY VENDORS IN TRINIDAD, W. I. 

S. Balfour and N. Badrie. Department of Food Production, Faculty of Food and 
Agriculture, University of the West Indies, St. Augustine, Trinidad and Tobago 

ABSTRACT: Postharvest processing (PPH) methods have been determined to 
reduce Vibrio spp. to non-detectable levels, and include cool pasteurization, 
cryogenic individual quick freezing (IQF) with extended storage, high hydrostatic 
pressure (HHP) processing, low-dose gamma irradiation and high-salinity treatment. 
In Trinidad and Tobago, glazing or direct contact with ice is another common 
process used by shrimp vendors that could be useful to minimise occurrence of 
Vibrio spp. in marine shrimp (Penaeus spp.). Sixty glazed shrimp composites were 
purchased from the five largest depots in Trinidad and were analysed for Vibrio spp. 
using a slightly modified methodology outlined in the US FDA Bacteriological 
Analytical Manual. The absence of Vibrio in the shrimp met international and local 
human consumption standards. In this study, Vibrio spp. was the only bacteria of 
natural inhabitants to seawater, especially in warm areas, that can contaminate live 
fish and shellfish. Direct contact with ice to the warm water shrimp by vendors 
avoided the survival and recovery of Vibrio spp. Rapid cooling of the shrimp by 
glazing can injure Vibrio and thus minimise public health concerns. 

Keywords: high hydrostatic pressure, public health, marine, contamination. 

Introduction 

Seafoods, especially shellfish, could readily be contaminated with pathogenic 
microorganisms such as Vibrio because of the texture of their flesh and also their 
living habits in the microbe-laden habitats that they occupy (Colakoglu, Sarmasik, 
and Koseoglu 2006). Previous studies have reported Vibrio in a variety of shellfish 
that included shrimp, mussels and prawns from Turkey, Croatia, China and Taiwan 
(Fang, Huang, and Chen 1987; Strom and Paranjpye 2000; Jaksic et al. 2002; Yano 
et al. 2004; Colakoglu, Sarmasik, and Koseoglu 2006). Postharvest processing 
(PPH) methods have been determined to reduce Vibrio spp. to non-detectable 
levels, and include cool pasteurization, cryogenic individual quick freezing (IQF) with 
extended storage, high hydrostatic pressure (HHP) processing, low-dose gamma 
irradiation and high-salinity treatment (US FDA 2011). In Trinidad and Tobago, 
glazing or direct contact with ice is another common process used by shrimp 
vendors that could be useful to minimise occurrence of Vibrio spp. in marine shrimp 
(Penaeus spp.). 

Materials and Methods 

Sixty glazed shrimp composite samples were purchased from the five largest depots 
in Trinidad in 2009. Each shrimp composite of 908 g obtained from each vendor was 
placed into sterile bags and within two hours of purchase were transported to the 
Microbiology Laboratory in the Department of Food Production at The University of 
the West Indies (UWI) in an ice cooler to maintain a temperature of approximately 
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4°C. Samples were processed within 30 minutes of arrival at laboratory for Vibrio 
spp. using a slightly modified methodology outlined in the US FDA Bacteriological 
Analytical Manual. 

A slightly modified version of the spread plate technique outlined by Kaysner and 
DePaola (2004) was used for this analysis. Twenty-five grams (25 g) of shrimp were 
homogenised in a Waring blender (Connecticut, U.S.A) with 225 ml_ alkaine peptone 
water (APW) that contained an additional 2% sodium chloride. Serial dilutions were 
made from 10"1 to 10"7 and then incubated for 6h at 37°C. 

After incubation, a loopful (approximately 3-mm) of the APW culture was streaked 
from the surface pellicle to triplicate TCBS (Oxoid) plates. The plates were allowed 
to cool, inverted and incubated for 18-24 hours at 37°C. Plates containing between 
30-300 colonies were counted. Presumptive yellow and green colonies of Vibrio 
were picked and streaked onto PCA plates with an additional 2% sodium chloride. 
Gram stain followed and biochemical tests for IMViC, oxidase, growth in (0,3, 6, 8 
and 10) % sodium chloride, D-mannitol, sucrose, lactose and arabinose respectively. 
Water and agar controls were carried out in triplicate. 

Results and Discussion 

The findings revealed that no Vibrio was present in the shrimp that met the 
International Commission for the Microbiological Specification of Food (ICMSF 1986) 
and the Trinidad and Tobago Food and Drugs (2007) standard for human 
consumption. In this study, the Vibrio spp was the only bacteria of natural 
inhabitants to seawater especially in warm areas that can contaminate live fish and 
shellfish. Direct contact with ice to the warm water shrimp by vendors avoided the 
survival and recovery of Vibrio spp. Rapid cooling of the shrimp by direct contact with 
ice can injure Vibrio and thus minimise public health concerns. 

Vibrio spp. include gram-negative, facultative anaerobic, non-spore-forming bacilli 
which are oxidase positive and halophilic (Jaksic et al. 2002). Vibrio, such as V. 
damsel, V. alginolyticus, V. fluvialis, V. vulnificus and V. parahaemolyticus, are 
indigenous to the marine environment and shrimp (Murdoch 1993; Hosseini et al. 
2004; Su and Liu 2007) but the most commonly encountered organisms of this 
group were V. cholerae and V. parahaemolyticus, usually associated with enteric 
disease (Warnock III and MacMath 1993). The routes of transmission from the 
environment to man include consumption of undercooked or raw seafood or shellfish 
(Jaksic et al. 2002). 

Vibrio, a Concern in Seafood Outbreaks and Illnesses 

Vibrio parahaemolyticus is a common cause of foodborne illnesses in many Asian 
countries, including China, Japan and Taiwan, and is recognized as the leading 
cause of human gastroenteritis associated with seafood consumption in the United 
States (Su and Liu 2007). In Taiwan, during the period 1986 to 1995, the three most 
common bacteria involved in food-borne disease outbreaks were Vibrio 
parahaemolyticus (35% of 555 outbreaks), Staphylococcus aureus (30% of 555 
outbreaks), and Bacillus cereus (18% of 555 outbreaks) (Pan et al. 1997). Individuals 
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who are at the greatest risk of serious illness and mortality from water and foodborne 
enteric microorganisms include the very young, the elderly, pregnant women, and 
the immunocompromised (Gerba, Rose, and Hass 1996). 

Outbreaks of Vibrio parahaemolyticus gastrointestinal illness occurred on two 
Caribbean cruise ships in the late 1974 and early 1975, affecting 697 passengers 
and 27 crew members (Lawrence et al. 1979). Epidemiologic evidence incriminated 
seafoods served on the ships as the vehicles of transmission. Similarly, in 
Washington, during the 3-month period from late summer to fall of 1981, 
investigations revealed that six sporadic gastrointestinal cases reported to the public 
health agencies were due to Vibrio parahaemolyticus and was associated with eating 
raw oysters that were harvested at Willapa Bay (Nolan et al. 1984). 

Shellfish and shrimp have also been incriminated in cholera outbreaks in many 
countries including USA, Philippines, Malaysia, Gilbert Island and Sardinia (Dutt, 
Alwi, and Velauthan 1971; Mclntyre et al. 1979; Kuberski, Flood and Tera 1979; 
Salmaso et al. 1980; Pavia et al. 1987; Rabbani and Greenough III 1999). The 
largest outbreak was a pandemic in South America in the early 1990s when V. 
cholerae 01 caused more than 400,000 illnesses and 4,000 deaths, in Peru; lightly 
fermented fish, ceviche, was the cause of the outbreak (Wolfe 1992; Suarez and 
Bradford 1993). The cholera disease is caused by infection of the small intestine by 
Vibrio cholerae 01 and 0139 and is characterized by massive acute diarrhoea, 
vomiting, and dehydration; death occurs in severe, untreated cases (Rabbani and 
Greenough III 1999). 

Vibrio vulnificus which occurs naturally in warm ocean waters (Murdoch 1993) has 
been identified as a cause of severe seafood-related illnesses among individuals 
with liver dysfunction, with a mortality rate of >40% (Doyle 1994). This pathogen can 
also cause sickness and death in persons with HIV-AIDS, chronic renal insufficiency, 
cancer, diabetes, steroid dependent asthma, and chronic intestinal disease, 
according to the U.S. Public Health Service (Murdoch 1993). V. vulnificus is an 
opportunistic human pathogen representing the leading cause of seafood fatality in 
the United States (Wong et al. 2005). 

Conclusion 

It is well-established worldwide that Vibrio have been suspected in seafood 
outbreaks and caused health concerns to consumers. Hence, postharvest 
processing (PPH) methods such as glazing should be established for Vibrio to 
prevent potentially hazardous food-borne risk to consumers. 
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SUPPLEMENTAL MULATO GRASS SILAGE FED DURING THE NIGHT AND 
SHEEP PRODUCTION IN THE CARIBBEAN 

S. Borucki2*, A. Hosein\ I. Watts3, J. Berry3 and L.E. Phillip2. 1 Caribbean Agricultural 
Research and Development Institute (CARDI), Trinidad and Tobago; 2Department of 
Animal Science, Faculty of Agricultural and Environmental Sciences, McGill 
University, Canada; 3Department of Agriculture, Ministry of Agriculture and Marine 
Resources, St. Kitts and Nevis. 

ABSTRACT: Inadequate quantity and quality of natural pastures during the dry 
season is a major constraint limiting the production and local supply of sheep and 
goat meat in the Caribbean. Mulato grass proved that can be successfully 
established and used for silage in the dry season. A study involving 50 lambs and 
kids was conducted in five different small holder farms in St. Kitts to determine the 
effects of supplemental Mulato II grass silage (MGS) in animal performance. All 
farms had perimeter fencing (dog proof) and enclosure for semi-confined 
management at night. At 12 weeks of age, the animals were weaned, weighed and 
randomly assigned to either (MGS) or no supplementation (NS). All animals grazed 
the natural pasture during the day and were confined with or without MGS during the 
night. Table 1 shows that feeding Mulato II grass silage during the night did not to improve 
the low average daily gains achieved by the animals under natural grazing conditions in the 
Caribbean (50g/d). The potential of Mulato II grass forages fed fresh or conserved as silage 
needs to be tested feeding the animals during the day. 
Table 1 Mulato Grass Silage supplementation of natural pasture fed at night 
Analysis of variance of average daily gain between periods of measurement and 
average for the 96 days 

diet NS diet MGS 
Control: natural Natural pasture 
pasture + Mulato II 

silage 
Least Square Means 

Period Average daily Average daily SEM η LSD2 Pr (5%) 
gain (ADG) g/d gain (ADG) g/d 1 F> f 

Day 0-50 44.7 56.7 8.60 1 25.0 0.333 η 
5 1 s 

Day 51-68 25.9 48.2 9.27 1 26.9 0.102 η 
5 4 s 

Day 69-89 71.4 50.8 8.77 1 25.4 0.108 η 
5 8 s 

Day 90-96 71.4 107.8 17.20 1 50.0 0.183 η 
5 6 s 

Day 0- 96 48.96 57.29 4.33 1 12.5 0.185 η 
5 9 s 

'SEM Standard Error of the Mean; * LSD Least Square Difference 

Keywords: Mulato Grass Silage, Sheep Production. 
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TOWARDS THE DEVELOPMENT OF INDIVIDUAL LIVESTOCK INDUSTRY 
MODELS FOR CARICOM: PART 1 THE POULTRY SECTOR MODEL AS THE 
TEMPLATE FROM WHICH TO DRAW 

G.W. Garcia, G.G Young, K. Alfred, R. Ali, S. Bridgemohan, Κ. George, R. Maharaj, 
V. Maharaj, C. W. Rackal, and R. Singh. Department of Food Production, University 
of the West Indies, Trinidad and Tobago 

ABSTRACT: In Trinidad and Tobago, Jamaica and other Caricom countries the 
Poultry Livestock Sector is one of the most significant contributors to Agriculture 
GDP. This is due mainly to the successful linkages developed. These range from the 
supply of inputs to production, production, processing and all other activities along the 
Value Added Chain. This paper attempts to analyse the Poultry Industry. It is a 
"Qualitative Model" that attempts to explain the elements that are responsible for the 
success of the Poultry Industry in Caricom and worldwide. This model is focused on 
identifying the "Foundations for Success" [1) Idiosyncrasies of the animal, 2) Business 
Opportunities and 3) Services] that can or would be applied towards forming the basis 
of a conceptual framework for developing "Livestock Industry Models" for a Rabbit 
Industry, a Small Ruminant (sheep and goat) Industry and an Agouti (Dasyprocta 
leporina) Industry. These would be the basis for three (3) other papers. The industry 
is further modeled with the following components: specialized animal production units 
based on physiological states related to specific products, post production 
businesses, input suppliers, control systems that includes government interventions 
and health regulations, private investment and risk takers, human resources, waste 
management, dependable feed supply, organized trade relationships (local, regional 
and international), deep research and the integrator concept of business. 

Keywords: Livestock, Model, CARICOM, Poultry 
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USE OF SMALL RUMINANTS FOR BIOLOGICAL CONTROL OF THE INVASIVE 
WEED HYPARRHENIA RUFA 

E. Martinez, A.A. Rodriguez, and P.F. Randel. Department of Animal Science, 
University of Puerto Rico, Mayaguez Campus, Puerto Rico 

ABSTRACT: The objective of this experiment was to evaluate the use of caprine 
and ovine animals as biological control agents of the invasive weed Hyparrhenia rufa 
(HR). Six goats and six sheep were divided in two groups of three animals of each 
species and randomly assigned to one of six paddocks. Each paddock invaded with 
HR, measuring 232 m2, was cut uniformly before the grazing trial. On days 21, 26, 
47, 89 and 94 three samples of forage per paddocks where collected to estimate the 
weight of available forage and analyzed for percentages of DM, CP, NDF, ADF and 
Lignin. To estimate HR consumed by grazing, sheep and goats grazed the paddock 
during 2 periods of five days at 21 and 63 d after the uniformity cutting. Estimation of 
total intake was obtained by difference between the initial and residual forage 
availability, of both grazing periods. As expected, as the plant matured, DM and CP 
contents decreased and cell wall components NDF, ADF and lignin increased. Both 
animal species decreased forage intake during the second period as compared with 
HR grazed at 21 d of re-growth. The daily intake as percentage of body weight, on 
the dry matter basis was higher in sheep than goats (2.56 vs. 1.45 %, respectively) 
during the first period. However, consumption by goats grazing 63 d-old HR was 
higher than that of sheep (1.74 vs. 0.63 %, respectively). In conclusion, maturity 
adversely affected chemical composition of HR as evidenced by lower CP and 
higher cell wall components. Grazing intake of HR by small ruminants was also 
negatively affected by plant maturity. Within the same stage of plant re-growth, 
intake of younger forage was higher in sheep where the reverse was true of older 
vegetative material. The result indicates that small ruminant might be a potential 
biological agent for the control of HR in tropical environments, however management 
strategies need to be evaluated. 

Keywords: Ruminants, Biological Control, Invasive Weed 
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WILDLIFE FARMING IN TRINIDAD 

C.W. Rackal1, W.M. Mollineau2, R.A. MacFarlane3, M.D. Singh1 and G.W. Garcia1. 
1 Department of Food Production, University of the West Indies, Trinidad and 
Tobago, 2University of Trinidad and Tobago, Trinidad and Tobago, 3Forestry 
Division, Ministry of the Environment and Water Resources, Trinidad and Tobago 

ABSTRACT: Wildlife farming has been in existence in Trinidad and Tobago long 
before the Wildlife Section, Forestry Division, recognized it. The Wildlife farming 
programme was initiated based on research conducted by a Food and Agriculture 
Organization (FAO) consultant. The animals initially identified by the section for 
wildlife farming were: agouti (Dasyprocta leporina), lappe (Agouti paca), quenk 
('Tayassu tajacu), and deer (Manzama Americana). The 'farming' of un-domesticated 
animals is presently being practiced and it contributes to both the tangible and 
intangible needs of humans. It is therefore important to understand its role and the 
tremendous opportunities which it proposes, not limiting to: conservation, rural 
development, employment, food security and if carefully developed and managed, 
could diminish the food import bill significantly. This project was a collaborative effort 
between the University of the West Indies and the Forestry Division- Wildlife Section. 
The aims and objectives were to (1 ) estimate the quantity of wildlife farmers and their 
population (specie, sex) in 2012, and (2) to evaluate whether the population of 
wildlife farmers and wildlife animals reared have decreased or increased during the 
period 2004 to 2012. A list of 362 registered wildlife farmers was obtained from the 
Forestry Division, Wildlife Section, 146 registered wildlife farmers were successfully 
contacted, and twenty (20) persons were found (un-registered) during the course of 
the survey. A total of 166 (inclusive of those found) (43.455%) was successfully 
contacted. The results for the farming population indicated that 94.8% of the farmers 
who participated were registered farmers and 5.2% were un-registered. A total of 
eighty-three (83) registered farmers were found to be active which accounted for 
82.2% and eighteen (18) of those farmers found during the survey accounted for 
17.8%. One hundred and one (101) or 60.84% of those contacted were actively 
engaged in wildlife farming with the majority (89%) being males and the minority 
(11 %) being females. The majority or 52.5% were greater than fifty (50) years of age 
with the greater portion (33.7%) having tertiary level education and 1% having no 
formal level of education. The majority of the farmers (35.6%) originated in the North-
wes t conservancy of Trinidad. The majority or 97% of the farmers kept their animals 
for non-commercial reasons (non-sale) and the majority of persons 29.7% (30) kept 
their animals for the sole purpose of breeding. It was concluded that there was an 
increase in the quantity of animals held from 2004- 2012 and a sharp increase in the 
diversity of animals over the same period, with the majority of farmers rearing agouti. 
This paper seeks to highlight the history, the trends, the benefits, and to inform and 
educate on Wildlife farming in Trinidad. 

Keywords: Wildlife Farming, Roles, Opportunities, Trends. 
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ALTERING THE TRAJECTORY OF WEED POPULATIONS: TARGETING 
(CYPERUS ROTUNDUS} TUBERS 

T.M. Webster1 and T.L. Grey2. 1Crop Protection & Management Research Unit, 
USDA-ARS, Georgia, USA, 2Crop and Soil Science, University of Georgia, USA 

ABSTRACT: Weeds persist in agricultural systems because they exploit an 
underutilized portion of that system. Reducing the impact of weeds on 
agroecosystems begins with minimizing the number of propagules (e.g, seeds and 
tubers) that are produced. Cyperus rotundus (purple nutsedge) is a problematic 
weed around the globe, persisting between growing seasons as tubers in the soil. 
Studies were conducted to evaluate the effect of various management tactics used in 
vegetable crops on tuber production in C. rotundus. Halosulfuron is an effective 
means of controlling C. rotundus foliage and is used in several vegetable crops. 
However, the effect of halosulfuron on C. rotundus tuber production and tuber 
viability has not been evaluated. A single pre-sprouted C. rotundus tuber was 
transplanted into outdoor microplots in middle April in 2011 and 2012. After six 
weeks of growth, six rates of halosulfuron (7 to 208 g ai ha"1) were applied POST. A 
nontreated control (NTC) was also included. Treatments were arranged as a 
randomized complete block design, blocked by emerged shoot numbers at 
application, and had five replications. All shoots emerged at the time of application 
were marked with plastic rings; this allowed for classification of tubers at exhumation 
of 1) tubers attached to shoots that were emerged at time of application, 2) tubers 
attached to shoots that emerged after application, and 3) tubers without an aerial 
shoot during the study. Seven weeks after application, the tubers in the microplots 
were exhumed, tubers classified, quantified, and viability evaluated. In the NTC, 
there were 530 total tubers, with a hyperbolic decay regression describing the tuber 
population with increasing halosulfuron dose. At 52 g ha"1 (common 1X dose in 
vegetables) there was a 79% reduction in total tuber population. There were no 
differences among treatments in number of tubers attached to emerged aerial shoots 
(31 to 43) at the time of application. However, the viability of these tubers was 
reduced to 16% at the 1X rate. In the NTC, there were 200 tubers that were 
attached to shoots that emerged following halosulfuron application, while the 1X 
dose reduced tuber numbers 75%. However, this new shoot emergence may give 
the initial impression to the grower that the treatment was ineffective. Viability of 
these tubers was 28% at the 1X rate of halosulfuron, suggesting the action of the 
herbicide may have rendered the tuber nonviable after new shoots were produced. 
The final classification of tubers is the tubers that did not have an aerial shoot during 
the study. These are tubers in which apical dominance suppressed shoot 
development or were the most recent tubers to develop. Of the three classes, these 
were the most numerous in the NTC, with 294 tubers. At the 1X rate of halosulfuron, 
tuber production was reduced 93%, with only 14% viability of the tubers that were 
produced. Halosulfuron is an effective herbicide that controls C. rotundus foliage, 
but also reduces the number of new tubers produced and overall tuber viability. This 
could be an important component used to reduce the long-term population density of 
this weed. 

Keywords: Trajectory, Weed, Agroecosystem. 
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ALTERNATIVE WEED MANAGEMENT STRATEGIES FOR VEGETABLES: 
SOLARIZATION AND MULCHING IN ONIONS 

N.T. P. Reid1 and J. Cohen2. Department of Life Sciences, The University of the West 
Indies, Mona, Kingston, Jamaica. 1 Present address: The Caribbean Agricultural and 
Research Institute, University Campus, Mona, Kingston, Jamaica 

ABSTRACT: Strategies to replace or complement hand weeding in herbicide-free 
systems, such as solarization and mulching, need thorough investigation in tropical 
environments. The influence of pre-plant solarization and crop-mulching on weed 
growth were tested in organically-grown onion crops in two field-plot trials in St. 
Andrew, Jamaica. Solarization was conducted during the 'dry winter' season using 
clear or black plastic for varied durations. Onion crops were transplanted at the end 
of solarization, with mulches of grass or black-plastic included in combination with 
solarization or as individual treatments in the second trial. Solarization for only 2 
weeks was insufficient, but durations of 4 or 6 weeks with clear plastic reduced weed 
growth for 5 weeks (by 56% compared to the non-weeded control); a minimum of 6 
weeks' solarization using black plastic was needed for similar effect. Mulching with 
grass after solarization gave greater reductions in weed cover over the first 7 weeks 
than solarization alone, but under rainy conditions the mulch decomposed quickly, 
losing its ability to suppress weed growth. The grass needed replacing to maintain a 
thick enough layer of mulch for continued weed suppression. Black-plastic mulching 
provided long-lasting and effective weed control, which was not significantly 
increased by preceding solarization. The treatments altered weed composition, 
variably changing species abundance. Grass weed densities were lowest after clear-
plastic solarization; nutgrass was reduced by black-plastic solarization of at least six 
weeks' duration. Both solarization and mulching showed potential for weed 
management in herbicide-free, tropical vegetable production, being equivalent to one 
or more handweeding operations. Strategies using combinations of the two methods, 
under different climatic conditions or seasons, especially warrant further 
investigation. 

Keywords: grass mulch, plastic mulch, onions, organic crop production, soil 
solarization 

Introduction 

There has been limited research in tropical environments on strategies to replace or 
complement handweeding in herbicide-free systems. Two such strategies are 
solarization and mulching. The use of a combination of techniques for weed control 
in an integrated weed management approach rather than a single method is 
encouraged in general, and especially in organic crop production (Gaskell et al. 
2000; Smith et al. 2000). 

Soil solarization, also called solar heating, is the use of clear polyethylene plastic to 
cover moist soil in hot seasons to trap solar radiation and increase temperatures 
under the plastic. While it was initially developed to kill soil pathogens under 
Mediterranean climatic conditions (Chen and Katan 1980), solarization also has 
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shown efficacy in weed control (Caussanel et al. 1998; Elmore 1991), including 
under local conditions (Cohen et al. 2000; Coates-Beckford et al. 1998). In 
solarization, the colour of plastic and duration of the process are two important 
factors that influence its effects on weed growth (Abu-lrmaileh 1991; Horowitz et al. 
1983). 

Combining solarization with mulching, which is a recommended technique for 
organic farming, can improve the levels of weed suppression (Abu-lrmaileh 1991). 
Onions have very little competitive ability and can be useful indicator crops in 
assessing levels of weed control. 

The aim of this research was to assess the effects of pre-plant solarization and 
mulching in organically-grown onion crops on weed growth in the early stages of 
onion crop development as determined by weed cover, density and mass. 

Materials and Methods 

Field trials were conducted at King's House farm, St Andrew, Jamaica, on loam soil 
(Jamaican soils no. 22, USA Typic Haplustalfs). Onions were grown in small plots 
using organic techniques with solarization and mulching treatments in randomized 
block design. Solarization was conducted during the 'dry winter' season, December 
to March, using clear (0.04 mm thick) or black (0.05 mm thick) plastic. The soil was 
prepared in 15-cm raised beds by tillage to a depth of 20 cm, removal of weeds and 
watering to field capacity. The plastic sheets were laid to completely cover beds and 
edges were secured by covering with soil. The process was started at appropriate 
intervals to ensure that all solarization periods finished and plastic sheets were 
removed at the same time. At this time, beds for the non-solarized treatments were 
prepared and then all treatments planted at the same time with onion seedlings 
(Allium cepa cv. Texas Early Grano). Plots comprised beds of 2 m χ 1 m, 0.5 m 
apart. Onion spacing was 10 cm within and 20 cm between rows, giving five rows 
(each of 20 onions) per plot in Trial 1 and 10 cm by 30 cm in Trial 2, giving three 
rows per plot. For the mulched treatments in Trial 2, mulches were laid before 
transplanting of onions, using: plastic, the same black plastic as used for solarization 
(with edges secured with soil); or grass of 4-5 cm depth using lawn cuttings, mainly 
Digitaria ciliaris and Andropogon pertusus. Onions were fertilized with compost 
applied along rows before transplanting; no pest control measures were required and 
no herbicides applied. Watering was done by overhead sprinklers as necessary. 
Time in weeks was reported from the end of the solarization process. 

Trial 1 assessed duration of solarization with clear or black plastic compared to 
handweeding at varying frequency in nine treatments with four blocks: 

• Two weeks clear plastic solarization 
• Four weeks clear plastic solarization 
• Six weeks clear plastic solarization 
• Two weeks black plastic solarization 
• Four weeks black plastic solarization 
• Six weeks black plastic solarization 
• Non-solarized, low frequency handweeding (at 8 weeks after solarization) 
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• Non-solarized, medium frequency handweeding (at 4 and 8 weeks after 
solarization) 

• Non-solarized, high frequency handweeding (at 4, 8 and 12 weeks after 
solarization). 

All solarized treatments were handweeded at 8 weeks after solarization. 

Trial 2 assessed combinations of solarization and mulching in ten treatments with 
three blocks: 

• Four weeks black plastic solarization, mulched with black plastic 
• Four weeks black plastic solarization, mulched with grass 
• Four weeks black plastic solarization, no mulching 
• Seven weeks black plastic solarization, mulched with black plastic 
• Seven weeks black plastic solarization, mulched with grass 
• Seven weeks black plastic solarization, no mulching 
• Non-solarized, mulched with black plastic 
• Non-solarized, mulched with grass 
• Non-solarized, no mulching (weedy control) 
• Non-solarized, high frequency handweeding (at 4, 8 and 13 weeks after 

solarization). 

Growth of weed species was assessed during the crop by weed cover, determined 
as percentage of ground covered; as shoot dry mass per 0.25 m2 averaged from two 
sub-samples per plot. Weed density as number of shoots per 0.25 m2 (from two sub-
samples) was also determined in Trial 2. 

Treatments were compared by analysis of variance followed by means comparison 
with LSD at p=0.05 for parametric data and by Friedman's test for non-parametric 
data. Rainfall and other meteorological data were obtained from the Meteorological 
Service of Jamaica. 

Results and Discussion 

Weather Conditions 

Weather conditions were similar for the solarization period of both trials and suitable 
for the process: mainly dry with 8.9 mean sunshine hours per day, 31.2 °C maximum 
daily temperature. Overall, the weather followed the normal monthly pattern, as 
indicated by the 30-year mean values for Kingston and St Andrew from the 
Meteorological Service of Jamaica, except for higher than usual rainfall two weeks 
after solarization (early in the crop) for Trial 2. 

Initial Weed Flora 

The initial weed flora was similar in both Trials, a range of dicotyledonous and a few 
grass species. The former were frequent or occasional without any one species 
predominating and included Borreria laevis [L.] (button weed), Portulaca oleracea [L.] 
(pussley), Phyllanthus amarus [Shumach] (carry-me-seed), Euphorbia hirta [L.], 
Euphorbia heterophylla [L.], Vernonia cinerea [L.] (white top, wild worm wood), Priva 
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lappulacea [L.], Oleome viscosa [L.] (wild caia), Oleome rutidosperma [DC], 
Amaranthus dubius [L.] (spanish callaloo) and Amaranthus viridis [L.] (garden 
callaloo). Cynodon dactylon [L.] (bermuda grass) was most abundant and the 
dominant weed in Trial 1; occasionally-occurring grasses were Eleusine indica [L.] 
(yard grass), Digitaria ciliaris [Retz] and Anthephora hermaphrodita [L.]. In Trial 2, 
Sorghum halepense [L.] (johnson grass) was of frequent occurrence, but as a group, 
grasses were less abundant in this Trial and the dominant species was Cyperus 
rotundus [L.] (nutgrass). Commelina spp. (water grass) were infrequent in both 
Trials. 

Effects on Weed Growth 

In Trial 1, there was no rainfall for 3 weeks after solarization and weed cover was low 
at the end of this period, but lowest (p < 0.05, standard error of the difference in 
means, sed, 4.8%) in treatments solarized for 4 and 6 weeks with clear plastic (mean 
2%) compared to the mean of the non-solarized plots (9%). Other treatments varied 
from 4 to 16% cover. There was considerable weed growth in the following two 
weeks, but at 5 weeks the 4- and 6-week-solarization with clear plastic had 
continued to reduce weed cover, by 56% on average, compared to the unweeded 
control (p < 0.05) and to levels statistically similar to treatments handweeded once at 
4 weeks (Figure 1). 
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Figure 1. Weed cover (% of ground) at 5 weeks in an onion crop after pre-
planting solarization treatments: CP-6/BP-6 = clear/black plastic for 6 weeks, 
CP-4/BP-4 = clear/black plastic for 4 weeks, CP-2/BP-2 = clear/black plastic for 
2 weeks, 1HW = handweeded once at 4 weeks after solarization, UW = 
unweeded. (Means of 4 replicates ± LSDo.os-) 

Solarization using black plastic was less effective; weed control for 5 weeks after 
solarization in Trial 1 appeared to be correlated with duration and the longest 
duration, 6 weeks, gave almost significantly less weed cover than the unweeded 
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control. Two-week duration of solarization with clear or black plastic did not reduce 
weed cover (Figure 1). 
In Trial 1, weed growth increased greatly from 5 to 7 weeks in those treatments 
previously less weedy, such that weed cover at 7 weeks after solarization ranged 
from 55 to 75% for all treatments; differences not quite significant at ρ = 0.06, sed 
9.5%. However, increases were greater in the handweeded treatments than those 
solarized with clear plastic for 4 and 6 weeks. During the handweeding operation at 8 
weeks after solarization, the shoot dry mass of weeds was found to be similar in all 
treatments (p > 0.05, general mean 76.6, sed 25.8 g/0.25 m2). 

Overall, there was greater initial weed pressure in Trial 2 than Trial 1. Weed cover 
was high at 3 weeks in Trial 2, being 42% in non-solarized/unweeded ('weedy') 
control plots (Table 1). However, the difference in weediness between trials 
diminished by 7 weeks, at which time weed cover in Trial 2 (ranging from 33% for 
one- handweeding to 82% for the unweeded control) was not much more than that in 
Trial 1. Table 1 gives weed growth for black-plastic solarized and control treatments; 
no clear plastic was used in Trial 2. In Trial 2, the effectiveness of black-plastic 
solarization of longer duration was repeated: 6-week duration significantly reduced 
weed growth at 3 weeks by 60% for weed cover and by 69% for weed density 
compared to the weedy control, but the 4-week duration was less effective. The 
suppression of weed numbers by black-plastic solarization persisted to 7 weeks and 
was still significant for the 6-week duration and almost significant for the 4-week 
duration. However, although there was lower density of weeds in these solarized 
plots, from 3 weeks the weed biomass increased such that weed cover in black-
solarized treatments was no longer significantly less than the weedy control at 7 
weeks (Table 1). 

Table 1. Weed cover (% of ground) and weed density (number of plants per 
0.25 m2) in onion crops at 3 and 7 weeks after black-plastic solarization 
treatments (pre-planting solarization for 6 or 7 weeks and 4 weeks), unweeded 
or handweeded (at 4 weeks after solarization, w.a.s.). (Means of replicates: 4 
for Trial 1; 3 for Trial 2; LSD at p=0.05.) 

Date of assessment and Trial 1 Trial 2 
Treatment Cover Cover Density 
At 3 weeks after solarization ρ<0.05Ί p<0.052 p<0.05J 

LSD=10 X2r LSD=23 
Unweeded 9 43 43 
Black-plastic soin, for 4 weeks 6 36 32 
Black-plastic soin, for 6/7 weeks 4 17 13 
At 7 weeks after solarization p=0.06' p<0.05^ p<0.05J 

(LSD=20) X2r LSD=28 
Unweeded 75 83 72 
Black-plastic soin, for 4 weeks 64 88 50 
Black-plastic soin, for 6/7 weeks 63 73 24 
Handweeded at 4 w.a.s. 58 33 46 

result of analysis of variance for randomized-block design (F8 24) 
2 result of Friedman's Test (χ2

Γ using at χ2 at 6 df) 
3 result of analysis of variance for split-plot, randomized-block design (F612) 
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Additional weed control was achieved by grass mulching after black-plastic 
solarization for both 6- and 4-week durations, as weed growth was lower in the 
combined treatments than the mulched-only or solarized-only treatments (Figure 2). 
However, by 9 weeks after solarization, determination of shoot dry mass showed 
there were no longer significant differences between the solarized-only and 
solarized/grass-mulched treatments (p > 0.05, general mean 99.7, sed 24.8 g/0.25 
m2). The grass mulch decomposed relatively quickly during the rainy periods. On the 
other hand, mulching with black plastic consistently suppressed weeds, as effectively 
when used alone as when used after solarization. The plastic-mulched treatments 
had so few weeds (up to harvesting of the crop) that they were not included in the 
analyses of weed cover, mass or density of the other treatments. 

Figure 2. Weed density (numbers/0.25 m2) in an onion crop for treatments 
solarized pre-planting with and without mulching of crop: BP7/4 = black plastic 
for 7/4 weeks; alone = no mulching; grass = grass mulching; UW = unweeded; 
HW = handweeded once at 4 weeks after solarization; at 3 and 7 weeks after 
solarization. (Means of 3 replicates and 2 sub-samples per replicate, ± LSDo.os-) 

Effects on Weed Species 

Solarization differentially affected growth of weed species: densities were 
significantly lowered for true grasses by 4- or 6-week clear plastic treatment and for 
nutgrass by 6-week black plastic treatment (data not presented). At 7 weeks after 
the end of solarization, there were still fewer grasses in 4- and 6-week clear-plastic 
solarized plots than in other treatments, including those handweeded (in which 
grasses had re-grown). The reduction of grasses by 6-week black-plastic solarization 
was similar, but smaller. The lower incidence of grasses in Trial 2 precluded further 
conclusions. However, the high density of nutgrass that occurred in Trial 2 was 
significantly reduced by the 7-week black-plastic solarization. 
Conclusions 

In the dry season in Jamaica, solarization with clear plastic for 4 or 6 weeks reduced 
weed growth for 5 weeks by 56% compared to the non-solarized, unweeded 
treatment, whereas at least 6 weeks duration with black plastic was needed for 
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similar effect. Mulching with grass after solarization further reduced weed growth, but 
under conditions encouraging rapid decomposition, the grass mulch degraded and 
needed replacing to maintain its ability to suppress weeds. Mulching with black 
plastic suppressed weeds throughout the onion crop. The treatments variably 
affected weed species: clear-plastic solarization reduced grasses, while black-plastic 
solarization for at least 6 weeks reduced nutgrass densities. Both solarization and 
mulching showed potential for weed management in herbicide-free, tropical 
vegetable production, being equivalent to one or more handweeding operations. 
Depending on climatic conditions or season, the use of combinations of the two 
methods would be beneficial and warrants further investigation. 
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BIOSTIMULATORY EFFECTS ASSOCIATED WITH MOLASSES APPLICATION 
IN TURFGRASS 

K.L. Robinson, M.J. Dulal-Sealy, and F.B. Lopez. Department of Biological and 
Chemical Sciences, University of the West Indies, Barbados 

ABSTRACT: Previous reports of the use of molasses as a biostimulant in 
horticulture suggest that agroecological benefits, such as improved soil moisture 
retention and nutrient availability, can occur due to stimulation of soil microbial 
activity. This study assessed the effects of combinations of molasses and mineral 
nutrients on turfgrass growth, quality and water status of Bermuda grass (Cynodon 
dactylon (L.) Pers., 'Princess-77') grown in pots under field conditions. In all 
experiments, sugarcane molasses was diluted to the required concentration, soluble 
fertilizer (NPK, 24:8:16) was added and the solution was applied weekly by 
drenching of pots using a watering can. Established turf (3-4 years) growing in sand 
was subjected to combinations of molasses (0, 0.25 and 0.5% v/v) and soluble 
fertilizer (1.5 and 3.0 g L"1) in experiment 1. Molasses was applied at 0, 0.5, 1, 2, 4 
and 8% (with 3 g L"1 fertilizer) to 8-weeks-old turf growing in a 1:1 sand/soil medium 
in experiment 2. Combinations of molasses (0, 1 , 2 and 3%) and soluble fertilizer 
(1.5 and 3.0 g L"1) were applied to 10-months-old turf growing in sand, 1:1 sand/soil, 
and soil (heavy clay) in experiment 3. No significant interactions between molasses 
and fertilizer levels and between molasses and rooting media were observed, 
however, there were significant trend interactions (contrasts) with increasing 
molasses concentration. As molasses concentration increased between 0 and 8%, 
strong polynomial (quadratic) relationships were observed with turf growth, 
greenness index, tissue moisture content, tissue water potential and pot 
évapotranspiration rate. There was a tendency for enhanced turf growth and 
moisture status at a molasses concentration of about 2%. Turf greenness index and 
soil moisture content increased with molasses concentration between 0 and 3%. 
Molasses appears to have some biostimulatory effects on turfgrass, but effects of 
rooting media and combinations with soluble fertilizer require further investigation. 

Keywords: Green Cover, Soil, Electrical Conductivity, Turf Height, Dry Mass. 
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COMBINED EFFECTS AND RELATIONSHIPS OF COMPOST TEA, FERTILISER, 
AND GLOMUS INTRARADICES INOCULATED-SUBSTRATE ON TOMATO 
SEEDLING QUALITY 

D.P. Ismael\ C.C.G. St. Martin1, G.D. Eudoxie\ and J, Rouse-Millet2, department 
of Food Production, The University of the West Indies, St. Augustine, Trinidad and 
Tobago. 2Department of Life Sciences, The University of the West Indies, St. 
Augustine, Trinidad and Tobago. 

ABSTRACT: There is a paucity of information on the efficacy of nutrient 
amendments made from readily available local material on seedling quality. The 
objectives of this study were to evaluate the combinatory effects and relationships of 
compost tea, fertiliser, and Glomus intraradices inoculated-substrate on tomato 
seedling quality as defined by fresh and dry biomass, root to shoot ratio, length of 
root and stem, and selected root system architecture parameters. The factorial 
designed assays consisted of tomato sown in autoclaved or non-autoclaved peat-
based substrates, which was either fortified (PM) or not fortified (PNM) with the 
endomycorrhizal fungi, G. intraradices, to which fertiliser only (FO), unfiltered 
compost tea + fertiliser (UCT + F), or filtered compost tea + fertiliser (FCT + F) were 
applied to these substrates. With the exception of the positive effect of FCT + F on 
leaf area, the application of compost teas + fertiliser to PM substrates (non-
autoclaved or autoclaved) did not provide any additional benefits compared to FO 
treatment. However, FO applied to PM or autoclaved substrates resulted in lower or 
lowest seedling growth (root and shoot) compared to UCT + F applied to PM 
substrates. The application of FCT + F, which had similar nutrient supplying capacity 
as UCT + F but without microorganisms, to PM substrates, resulted in significantly 
lower seedling growth. Roots were not colonised with G. intraradices and results 
suggest that increased seedling growth was related to the biological properties of the 
UCT and non-autoclaved substrates. Network width to depth ratio was the most 
important factor affecting shoot growth. Quality of tomato seedlings resulting from 
non-autoclaved PM and PNM substrates applied with UCT + F was comparable. 

Keywords: compost, Solanum lycopersicum, nutrient amendment, mycorrhiza, soil-
less substrate, seedling performance. 

Introduction 

The use of compost tea as a nutrient amendment in commercial horticulture and 
factors affecting its efficacy, remains poorly investigated and farmers are still being 
primarily informed by popular literature. As such, the scientific evidence for the 
inclusion of compost tea as part of an integrated nutrient management system in 
commercial horticulture is not convincing. 

To date, the limited peer-reviewed studies have focused on a few crop families or 
crops including Brassicas (Pant et al., 2012a; Pant et al., 2012b; Pant et al., 2009), 
Cucurbits (Akanbi et al., 2007), raspberries (Rubus spp.) (Hargreaves et al., 2008), 
strawberries (Fragaria spp.) (Hargreaves et al., 2009; Welke, 2005), wheat (Triticum 
aestivum) (Reeve et al., 2010), Canada yew (Taxus canadensis) (Smith et al., 2006), 
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and narrow leaf plantain (Plantago arenaria) (Hendawy, 2008). Scientific evidence 
on the efficacy of compost tea as a nutrient amendment in economically important 
solanaceous crops such as tomato and sweet pepper is limited. 

Hargreaves et al. (2009) found that compost tea treatments provided similar 
amounts of most macro- and micronutrients compared to municipal solid waste 
compost, ruminant compost, and fertiliser treatments. Akanbi et al. (2007) showed 
that foliar spray of compost extracts from cassava (Manihot esculenta) peel and 
Mexican sunflower (Tithonia rotundifolia) help produce fluted pumpkin (Telfairia 
occidentalis) plants with comparable growth to those that received NPK fertiliser. 
Pant et al. (2009) demonstrated that vermicompost extracted with or without active 
aeration can increase yield and carotenoid content in pak choi (Brassica rapa cv 
Bonsai, Chinensis group) and the effect has been confirmed in multiple soil types. St. 
Martin et al. (2012) found that drench application of Miracle-Gro® or NCT made from 
BLC and brewed for 168 h resulted in a significant mean total dry matter increase of 
122%, compared with the non-fertilised water control treatment. However, they 
reported that NCTs brewed for 56 h using BLC or LCC, and aerated compost tea 
produced from BLC brewed for 18 h, significantly reduced seed germination of sweet 
pepper. Concentration of copper in compost tea was identified as the most 
significant factor inhibiting seed germination (St. Martin et al., 2012). 

Most researchers have attributed the plant growth promotion (PGP) effect of 
compost tea to its nutrient composition and/or microbial properties (Hargreaves et 
al., 2009; Pant et al., 2011). Hendawy (2008) reported that compost tea provides 
chelated micronutrients for easy plant absorption as well as nutrients in biological 
available form for both plant and microbial uptake. In addition, microbes in the 
compost tea produce plant growth hormones, mineralise plant available nutrients, 
and fix nitrogen (Hendawy, 2008). Humic substances present in compost tea may 
also cause hormone-like effects or stimulate root respiration leading to increased 
nutrient uptake both in controlled conditions and in the field (Arancon et al., 2003; 
Zhang et al., 2003). Pant et al. (2012b) found that the positive influence of compost 
on plant growth was largely associated with the mineral Ν and gibberellin (GA4) 
present in the teas. Pant et al. (2012a) also reported that the application of compost 
tea resulted in increased soil respiration and dehydrogenase activity that implies 
more efficient organic decomposition and mineralisation in the rhizoshpere, which 
may have in turn contributed to better plant growth. 

Essential to this understanding is determining the effect of these nutrient 
management strategies on root system architecture (RSA) including root system 
size, shape, and distribution traits along with the probable functional relationship 
between RSA, and seedling quality. In field and rhizotron studies, RSA has been 
shown to have important, yet distinct effects on seedling growth and nutrient uptake 
(Hodge, 2004; Robinson, 2001). These effects are particularly evident under plant 
stress conditions including drought, low soil fertility and microbial populations, and 
poor lighting (Hodge, 2004; Reich et al., 2002). 

Arbuscular mycorrhizal (AM) fungi, such as G. intraradices, have been shown to 
improve plant growth and nutrition (Koide and Mosse, 2004). As such, many of the 
commercial horticultural potting mixes e.g. PRO-MIX 'BX'/Mycorise® PRO (Premier 
Horticulture Ltd., Dorval, Canada) (PM) are inoculated with G. intraradices, on the 
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premise that root colonisation with AM fungi will result in increased nutrient uptake, 
reduce water and other stresses associated with cultivation (Premier Horticulture, 
2005). Though considered important primarily for phosphorus uptake, roots 
colonised with AM fungi have also been reported to result in increased uptake of 
NH4

+ and N0 3 (Frey and Schüepp, 1993; Johansen et al., 2006), Zn, Cu, and Κ 
(Marschner and Dell, 1994). Improved nutrient uptake resulting from root 
colonisation with AM fungi, has been particularly evident under organically managed 
soil (Mäder et al., 2002) and in substrates with low-nutrient levels (Hetrick, 1991; 
Menge, 1983). Under such systems and or conditions, AM fungi effectively increase 
the absorptive surface of the plant root system thereby providing access to soil-
derived nutrients from sources not necessarily otherwise accessible to roots (Menge, 
1983). Research work on mycorrhizal root colonisation of plants grown in AM fortified 
commercial substrates, under wet-dry tropical climates is limited in comparison to the 
plethora of work done on the effect of fertilisers, and manure on crop growth (Belay 
et al., 2002; Ghosh et al., 2004). 

It is hypothesised that compared to a fertiliser alone nutrient treatment, the drench 
application of compost tea and fertiliser to commercial peat-based substrates 
inoculated with G. intraradices will result in better seedling quality. The objectives of 
this study were therefore to: 1) investigate the combinatory effects of compost tea, 
fertiliser, and G. intraradices inoculated-substrate on tomato seedling emergence, 
RSA architecture (root system size, shape, and distribution traits), and seedling 
growth, 2) determine if the effects of compost tea and substrates on seedling growth 
were related to microbial populations and root colonisation with G. intraradices and 
3) investigate the relationship between RSA parameters and shoot growth 
parameters. 

Materials and Methods 

Production of Compost Tea 

Aerated compost tea produced from lawn clippings compost (LCC) and brewed for 
36 hours (ACT-36 h) was made using methods previously described by St. Martin et 
al. (2012). As is commonly practiced by farmers and in accordance with 
recommendations by Scheuerell (2003), LCC was cured in rotary barrel composter 
for three months before sampling and use. 

Physical, Physico-Chemical, Chemical, and Biological Properties of Substrates 
and Compost Teas 

Physical, Physico-Chemical and Chemical Properties 

BD, WHC, pH, EC, total Kjeldahl nitrogen (TKN), N03-N + N02"N, Ρ, K, total organic 
matter (TOM), total organic carbon (TOC), and C/N ratio of substrates were 
determined using protocols previously described by St. Martin et al. (2012). 
Dissolved oxygen, temperature, pH, and electrical conductivity of compost tea were 
recorded at the end of each batch by immersing probes into the bucket, prior to use 
in seedling growth assays. Protocols described by St. Martin et al. (2012) were used 
to determine ammonia, nitrate, nitrite, phosphorus, potassium, calcium, magnesium, 
copper, and zinc concentration in compost tea. 
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Microbiological Populations of Substrates and Compost Teas 

Total culturable bacterial, fungal and yeast populations of substrates and compost 
tea were enumerated using methods described by Scheuerell and Mahaffee (2004). 
Total microbial population was determined by summing bacterial, fungal and yeast 
populations. 

Seedling Emergence and Growth Assay 

Seedling emergence and relative growth assays (Thompson et al., 2002) were used 
to evaluate the combined effect of compost tea, fertiliser, and G. intraradices on 
seedling emergence, growth, and RSA. Experiments were done in a conventional 
span-roof, naturally ventilated glasshouse (length -8.5m, width- 3.7, height - 2.7 m) 
located at the University of the West Indies, Department of Food Production, St. 
Augustine, Trinidad and Tobago. Mean day and night temperatures were 31 and 
24°C, respectively, at a corresponding relative humidity of 61 and 85%. 

An experimental unit consisted of a styrofoam container (top diameter -12.7cm, 
bottom diameter -10.2 cm and height -8.9 cm) with eight tomato (Solanum 
lycopersicum L. cv. Calypso) seeds sown 1 cm deep in non-autoclaved (N) or 
autoclaved (A) PM, or in non-autoclaved or autoclaved peat-based substrate not 
inoculated with G. intraradices (Sunshine Professional growing mix® Sun Gro 
Horticulture, British Columbia, Canada) (PNM). Nine days after sowing (DAS), 
seedling emergence was measured and seedlings were thinned-out to 4 
seedling/container. Nutrient amendments, which included fertiliser only (Miracle-
Gro®, Water Soluble All Purpose Plant Food, 24-8-16) (FO), unfiltered compost tea 
+ fertiliser (UCT + F), or filtered compost tea + fertiliser (FCT + F) were applied to 
experimental units 21 DAS and every seven days thereafter, using a fine-spray 
watering can. In accordance with the Miracle Gro® label instructions, fertiliser 
treatments were applied to provide a total of 84 mg N/L (174 kg N/ha), 30 mg P/L (58 
kg P/ha), and 54 mg K/L (116 kg K/ha) at the end of the six weekly applications. 

Containers were arranged in a random order on seedling benches in the glasshouse 
with each treatment replicated six times. At 60 DAS, 12 plants from each treatment 
were harvested for seedling growth analysis. Fresh and dry root, stem, leaf, and total 
biomass were measured as well as, length and width of stem and root, number of 
leaves, and root/shoot ratio. Leaf area was determined using the non-destructive 
image scanning pixel method (Xiao et al., 2005). 

Root Colonisation with G. intraradices 

One plant per experimental unit was harvested for assessment of root colonisation. 
The total root system of individual plants was preserved in 50% alcohol prior to root 
staining. The root staining procedure described below was modified from the 
procedure outlined by Hebert et al. (1999). Root segments of 3-4 cm lengths and 2 
mm in diameter were randomly selected from each root system and placed in 
separate test tubes. The roots were rinsed with distilled water before being covered 
with 10 ml 10% KOH and incubated in a water bath set at 80° C for 30 minutes to 
allow clearing of the roots. The tubes were removed from the water bath and 400 μΙ 
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of 9% H2O2 added and allowed to stand at room temperature for 10 min to remove 
root pigments. After 10 minutes, the solution was decanted and the root pieces 
rinsed three times with distilled water. The root segments were then transferred to 
fresh tubes containing 10% HCl and left at room temperature for 10 min. The HCl 
was removed and 10 ml of 0.05% (w/v) trypan blue in glycerol added; the tubes were 
then incubated at 80° C for 30 min in a water bath to allow staining. The trypan blue 
stain was removed and replaced with 10 ml of 50% lactic acid in glycerol to remove 
excess stain from the roots. The roots were left in the lactic acid solution until slide 
mounting. 

A scalpel was used to cut root segments into 1cm lengths; three groups of four 
stained 1cm root segments were placed on a slide with a spacing of 5 mm between 
each root segment and 10-15 mm between each group. The roots were mounted in 
glycerol and covered with a cover slip; two slides were prepared for each treatment. 
The slide preparations were viewed using an Olympus BX5 microscope using bright 
field optics and images were photographed using a Pixera 5.8 megapixel 48-bit CCD 
camera hosted on a Dell 8300 graphics intensive computer. Roots were examined 
for the presence of hyphae, vesicles, and arbuscules. Root colonisation by the 
vesicular arbuscular mycorrhiza G. intraradices was confirmed if vesicles with 
associated hyphae and arbuscules were present in the cortex of the roots and 
colonisation levels determined (Brundrett, 2009). Absence of these structures is 
indicative no colonisation. 

Root System Architecture 

RSA measurements were done using 12 plants for each treatment, which were 
harvested 60 DAS. Root systems of plants, which were carefully harvested from 
substrates, were separated from the shoots. The majority of substrate particles 
attached to the roots, were removed with limited breakage of roots, by soaking roots 
in distilled water with a mild detergent (0.01% Tween®-20) for 10 minutes. Finer 
substrate particles still attached to the root were removed using a size-6-fan painting 
brush. Root systems (networks) free of substrate particles were imaged with a 
square of known size ( 2 x 2 cm) against a black velvet background using a Fujifilm, 
T410WM, 16-megapixels camera. Photographs were taken in a closed room, under 
the same lighting conditions (white fluorescence tube lamps, 60 WATTS). RSA 
parameters categorised into size, shape, and distribution traits (Table 1), were 
analysed using GiA Roots software® (Georgia Tech Research Corporation and Duke 
University, 2011) (Galkovskyi et al., 2012). The square of known size was used to 
set the scale parameter of pictures of root systems uploaded to the software. Root 
length density (RLD) was determined using the formula: RLD = total length of root 
system network / unit volume of substrate in which crop is planted (Ho et al., 2005). 
Root to shoot mass ratio was also determined. 

Statistical Analysis 

Univariate analysis of variance in SPSS (ver. 17.0, 2008, SPSS Inc., Armonk, NY) 
for Windows was used to determine treatment effects. Tukey's test was used to 
separate main effect means if interactions were not significant. Significant 
interactions were investigated by simple effects analyses using the EMMEANS 
subcommand (least square means analysis) (Green and Salkind, 2005). Zero-order 
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correlation analysis was used to determine linear interdependencies between RSA 
parameters and multiple regression analysis to formulate predictive models of shoot 
growth and root to shoot mass ratio using RSA variables. Before analyses were run, 
homogeneity of variance and normality of datasets were assessed using Levene's 
test and by inspection of histogram, distribution curve and skewness values. Data 
expressed as percents were arcsine transformed. 

Results 

Physical, Physico-Chemical, Chemical, and Biological Properties of Substrates 
and Compost Teas 

Physico-chemical and chemical properties of substrates were not affected by 
autoclaving (Table 2). BD (0.19 to 0.70 g cm"3), WHC (45 - 65% v/v), pH (5.0-6.5), 
and EC (< 2.0 dS m"1) of all substrates were within limits recommended for seedling 
starter and transplant substrates (Ingram et al., 1993; Robbins and Evans, 2001). 
TOM varied from 727.40 - 739.67 g kg"1, TOC from 406 - 427 g kg"1, ash from 287 -
297 g kg"1, and C/N 71:1 - 78:1. Compared to compost teas, the nutrient content of 
the substrates was low. Bacteria, the predominant microorganisms in non-
autoclaved substrates, were significantly lower in autoclaved substrates (Table 2). A 
similar result pattern was also observed with total microbial population. In contrast, 
yeast population was unaffected by autoclaving and predominant in autoclaved 
substrates, whereas fungal populations were below the detectable limit. 

As with substrates, the physico-chemical and chemical properties of compost teas 
were not affected by microfiltration (Table 2) and their pH were within the 
recommended range of 5.8 to 6.5 (Whipker, 1999) for fertigation of vegetable crops, 
grown in soil-less substrates. EC across compost teas was however, above the 
upper limit, 3 dS m"1, recommended as the maximum level for fertiliser solutions 
(Whipker, 1999). Conversely, Cu and Zn concentrations were below the respective 
target ranges of < 0.2 and < 0.50 mg I"1, recommended for water used to irrigate 
vegetable crops grown in containers (Whipker, 1999). Bacteria were the predominant 
microorganisms in unfiltered compost tea (UCT) and no microorganisms were 
detected in micro-filtered compost tea (FCT). 

Seedling emergence and growth 

Seedling emergence was not affected by substrate type, autoclaving, or their 
interaction. Neither were stem and total fresh weight, root and stem length, and 
number of leaves affected by secondary or tertiary interactions of substrate type, 
nutrient amendment, and autoclaving (p > 0.05). Stem fresh weight was highest in 
non-autoclaved substrates with UCT + F, as was stem length in non-autoclaved PM 
substrate with UCT + F. Total fresh weight and number of leaves were highest in 
substrates with UCT + F whereas average taproot length did not vary significantly 
across treatments. 

In contrast, there was a significant substrate type by nutrient amendment interaction 
(p < 0.05) (Fig.1A-H) on root and leaf fresh weight, dry biomass (root, stem, leaf and 
total dry matter), stem diameter, and root/shoot ratio, which indicated that the effects 
of the respective nutrient amendments were not consistent across substrates. Figure 
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1 A-H shows that UCT + F had no significant effect on root and leaf fresh weight, dry 
biomass, stem diameter, and root/shoot ratio in PM, but compared to the FO 
treatment, it significantly increased root and leaf fresh weight, dry biomass, and stem 
diameter in PNM substrates. Moreover, seedlings supplied with UCT + F had similar 
root (Figure 1A) and leaf fresh weight (Figure 1B), dry biomass (Figure 1C - F), and 
stem diameter (Figure 1G) across substrates. In contrast to UCT + F, FCT +F 
increased root/shoot ratio in PNM substrate (Figure 1H) and resulted in leaf fresh 
weight (Figure 1B), stem (Figure 1D), leaf (Figure 1E), and total dry matter (Fig. ure 
1F) values, which were comparable (p > 0.05) to that of seedlings treated with FO. 
As with UCT + F, FCT + F had no effect on root fresh weight, dry biomass, and stem 
diameter in PM substrates and values for these growth parameters were similar 
across substrates. Root and leaf fresh weights, dry biomass, and stem diameter of 
seedlings supplied with FO were significantly higher in PM compared to PNM 
substrates. Root/shoot ratio of seedlings supplied with FO did not differ across 
substrates. 

Dry biomass, and root and stem diameter were also affected by a significant 
autoclaving by nutrient amendment interaction (Figure 2). This indicates that the 
effects of the respective nutrient amendments were not consistent across 
autoclaving (non-autoclaved and autoclaved). Figure 2 showed that UCT + F had no 
significant effect on dry biomass and stem diameter in non-autoclaved substrates, 
but compared to the FO treatment, it significantly increased stem (Figure 2B), leaf 
(Figure 2C), and total dry matter (Figure 2D), and stem diameter (Figure 2E) in 
autoclaved substrates. Moreover, seedlings supplied with UCT + F had similar root 
(Figure 2A), leaf (Figure 2C), and total dry matter (Figure 2D), and stem diameter 
(Figure 2F) across autoclaving treatments. In contrast to UCT + F, FCT +F increased 
root diameter in autoclaved substrates (Figure 2E) and resulted in dry biomass 
values, which were comparable (p > 0.05) to that of seedlings treated with FO. As 
with UCT + F, FCT + F had no effect on dry biomass (Figure 2A-D) and stem 
diameter (Figure 2F) in non-autoclaved substrates. However, dry biomass of 
seedling supplied with FCT + F was significantly higher in non-autoclaved compared 
to autoclaved substrates. Stem and root diameter (Figure 2E) did not differ across 
autoclaving treatments for seedling supplied with FCT + F. Dry biomass, and root 
and stem diameter of seedlings supplied with FO were significantly higher in PM 
compared to PNM substrates. Leaf area was affected by substrate by nutrient 
amendment by autoclaving interaction (p < 0.001) (Figure 3). Figure 3 shows that 
although FCT + F supplied to non-autoclaved PM substrate resulted in highest leaf 
area, FCT + F applied to other substrates had no positive effect on leaf area. In 
contrast, leaf area across UCT + F treatments was similar, and FO supplied to non-
autoclaved PM resulted in a higher leaf area compared to FO supplied to non-
autoclaved PNM substrates. 

Root System Architecture 

Network width to depth ratio was the only RSA parameter that was not affected by 
secondary or tertiary interactions of substrate type, nutrient amendments, and 
autoclaving (p > 0.05). Both substrate and nutrient amendment had a main effect on 
network width to depth ratio, with network width to depth ratio being highest in PM 
substrate supplied with UCT + F. 
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In contrast, all other RSA parameters were significantly affected by substrate by 
nutrient amendment interaction (Table 3). UCT + F and FCT + F had no effect on 
maximum number of roots, network length, surface area, and root length density of 
seedlings grown in PM substrates (Table 3). However, applied to PNM substrates, 
UCT + F and FCT + F significantly increased maximum number of roots. Moreover, 
UCT + F increased network solidity in PM but had no effect on network solidity, 
bushiness, surface area, volume, length, and length distribution in PNM substrates. 
In contrast, FCT + F supplied to PNM substrates increased network length and 
length distribution, surface area, and root length density but had no significant effect 
on network solidity relative to FO treatments (Table 3). For FCT + F treatments, 
network length and length distribution, surface area, and root length density were 
significantly higher in PNM compared to PM substrates. However, comparable 
maximum number of roots, network length and length distribution, surface area, 
bushiness, and root length density were recorded across UCT + F treatments 
applied to PNM and PM substrates (p > 0.05). A similar result trend was observed 
within FO treatments with respect to maximum number of roots, network surface 
area, volume, solidity and length, and root length density. 

Network volume and solidity were however, higher in UCT + F supplied to PM 
compared to UCT + F supplied to PNM substrates (Table 3). In contrast to UCT + F 
results, network length distribution and bushiness were higher in FO applied to PM 
compared to FO applied to PNM substrates. Results showed that there was also a 
significant substrate by autoclaving interaction, which affected network length and 
surface area, and root length density (p < 0.05) (Table 3). Network length was similar 
across substrates and autoclaving, except for seedlings grown in non-autoclaved 
PNM substrates, which had significantly higher network lengths compared to those in 
PM substrates (Table 4). A similar results trend was observed with root length 
density. Network surface area was highest in non-autoclaved PNM substrates, lower 
in non-autoclaved PM, and generally lowest in autoclaved substrates (Table 4). 

There was also a significant nutrient amendment by autoclaving interaction, which 
affected maximum number of roots, network length, and root length density (Table 
5). UCT + F increased maximum number of roots in autoclaved substrates but had 
no effect in non-autoclaved substrates (Table 5). In contrast, FCT + F increased 
maximum number of roots in non-autoclaved substrates but had no positive effect on 
maximum number of roots in autoclaved substrates. The maximum numbers of roots 
for FO treatment supplied to non-autoclaved and autoclaved substrates were similar. 
However, within FCT + F treatments, maximum number of roots was higher in non-
autoclaved compared to autoclaved substrates. Conversely, within UCT + F 
treatments, maximum number of roots was higher in autoclaved compared to non-
autoclaved substrates (Table 5). Network length across autoclaved and non-
autoclaved substrates applied to nutrient amendments was similar, except for 
seedlings grown in non- autoclaved substrate supplied with FCT + F, which had 
higher network lengths. Results trend of root length density was similar to that of 
network length. 

Specific root length was the only factor affected by a substrate by nutrient 
amendment by autoclaving interaction. Figure 4 shows that specific root lengths of 
all the treatments, except FO applied to A-PM and UCT + F applied to A-PNM, were 
similar to that of FO applied to non-autoclaved PNM substrate. 
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Root Colonisation 

Entry points of fungi were observed in a few root samples from PM substrate treated 
with FO (Fig. 5A). However, infection did not progress to the formation of vesicles 
and arbuscules therefore, mycorrhizal colonisation could not be confirmed (Figure 
5B). Neither fungal entry points, vesicles nor arbuscules were observed in any of the 
other root samples. 

Relationship of RSA Parameters to Shoot Growth Parameter and Root / Shoot 
Ratio 

There were significant linear interdependencies between many of RSA parameters 
and the respective shoot growth variables (data not shown). However, many of the 
RSA parameters, which had significant linear independencies with growth 
parameters, were not completely independent from each other (Table 6). Multiple 
stepwise regression identified the most significant RSA parameters accounting for 
the greatest differential variance in seedling growth or nutrient parameters. This 
resulted in fewer RSA parameters being predictors of shoot growth (Table 7). 
Regression models for all the shoot growth parameters were significant (p < 0.01) 
(Table 7) but accounted for small variation in shoot growth. RSA parameters in the 
models were positively related to all shoot growth parameters. With the exception of 
stem width, network width to depth ratio positively affected all shoot measurements 
(p < 0.01) (Table 7). Together with root length density (β = 0.26, ρ < 0.01), taproot 
length (β = 0.23, ρ < 0.05), and network width to depth ratio (β = 0.36, ρ <0.001) 
explained 22% of the variation of shoot fresh weight. Moreover, network width to 
depth ratio (β = 0.35, ρ <0.001) and network surface area (β = 0.38, ρ < 0.001) 
explained 23% of variation of shoot dry weight together (Table 7). Twenty-two 
percent of the variation in stem length was explained by network width to depth ratio 
(β = 0.41, ρ < 0.001) and network surface area (β = 0.25, ρ < 0.001). In contrast, 
maximum number of roots was the only RSA variable, which was significantly related 
to stem width accounting for 12% of the variation. Specific root length (β = 0.31, ρ < 
0.01) and network width to depth ratio (β = 0.023, ρ < 0.05) explained 14% of the 
variation of leaf area whereas root length (β = 0.34, ρ < 0.01) and network width to 
depth ratio (β = 0.34, ρ < 0.01) explained 19% of variation in the number of leaves. 
Root length density (β = 0.39, ρ < 0.001) and network bushiness (β =0.33, ρ < 0.01) 
explained 20% of the variation of root/shoot ratio. 

Discussion 

The combinatory effects of compost tea + fertiliser treatments on seedling growth 
were more discernible in substrates not inoculated with G. intraradices. UCT + F 
supplied to PM substrates resulted in higher or highest seedling growth (root and 
shoot) compared to FO supplied to PNM or autoclaved substrates. However, 
comparable growth to that of seedlings cultivated in PM substrates drenched with 
UCT + F was observed when UCT + F was supplied to PNM or autoclaved 
substrates. The enhanced shoot and root growth observed in this study agree with 
the findings of Arancon et al. (2007) and Lazcano et al. (2010). In most cases, FCT + 
F, which had similar nutrient supplying capacity as UCT + F but without 
microorganisms, resulted in significantly lower seedling growth when applied to PNM 
substrates. This result pattern of lower seedling growth with FCT + F compared to 
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UCT + F treatment was also observed in autoclaved substrates. In contrast to 
findings of Hargreaves et al. (2008) and Pant et al. (2009), these results suggest that 
seedling growth enhancement was predominantly related to a microbial priming 
effect caused by UCT + F and non-autoclaved substrates treatments. More 
specifically, to the total fungal populations of UCT + F and non-autoclaved 
substrates, which were significantly higher compared to autoclaved substrates 
supplied with FO or FCT + F treatment. It is unlikely that the increased seedling 
growth was due to the direct effects of the endomycorrhizal fungus since G. 
intraradices did not colonise roots and extramatrical mycelia, which increases the 
absorptive surface of the plant root system (Menge, 1983), were not observed in the 
root samples. However, increased seedling growth may be related to other fungal 
taxa of non-autoclaved substrates and UCT + F, including Trichoderma spp., 
Aspergillus spp. and Penicillum spp., which have been reported as the predominant 
species in compost tea and peat substrates (Epstein, 1997; St. Martin et al., 2012). 
Samuel and Muthukkaruppan (2011) found that Aspergillus niger and Pénicillium 
spp. exhibited three plant growth promoting (PGP) traits, including the production of 
indole acetic acid (IAA), ammonia, and catalase, which may directly, indirectly, or 
synergistically promote plant growth. Indole acetic acid (IAA) controls a wide variety 
of processes in plant development and growth, and plays a key role in shaping plant 
root architecture such as regulation of lateral root initiation, root vascular tissue 
differentiation, polar root hair positioning, root meristem maintenance and root 
gravitrophism (Aloni et al., 2006; Richardson et al., 2009). Other phytostimulators 
including Trichoderma harzianum strain T-22 and Aspergillus fumigatus have also 
been reported to produce phytohormones, most commonly auxins, cytokinins, and 
giberellins and to a lesser extent ethylene, which are all known to enhance seedling 
growth (Arshad and Frankenberger Jr, 1991; Khan et al., 2011). 

It is likely that the continuous addition of UCT + F resulted in the recolonisation of 
autoclaved substrates with fungi, to a level, which was similar to that of non-
autoclaved PM substrates supplied with any of the nutrient amendments. This may 
explain why seedling growth in autoclaved substrates supplied with UCT + F, was 
not significantly different from that of tomato planted in PM substrates supplied with 
any of the nutrient amendments. Numerous researchers have demonstrated that 
microbial recolonisation of sterilised substrates resulted in similar plant growth 
promoting or disease suppressive effects as its non-sterilised counterpart (Nakasaki 
et al., 1998; Scheuerell and Mahaffee, 2005). 

According to Kuzyakov et al. (2000), microbial priming effects, which affect the 
homeostatic equilibrium of nutrients in the substrate (Blagodatskaya and Kuzyakov, 
2008; Cleveland and Liptzin, 2007), can be positive or negative. Positive in that 
nutrients held in passive or recalcitrant pools are released due to an increase in 
microbial activity and organic matter decomposition and negative in that, 
microorganisms introduced into the soil or substrate can immobilise carbon or 
nitrogen, or both elements, resulting in less than optimum plant growth (Kuzyakov et 
al., 2000). The net effect of microbial inocula and/ or nutrient additives, whether 
positive or negative, depends on the influence of these inputs on the microbial 
community dynamics, particularly the population metrics of beneficial and deleterious 
microorganisms and their metabolite profiles. 
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The relatively low root/shoot ratios indicate that nutrient availability was high, and the 
typical plant response of proportionally higher shoot than root growth under high 
nutrient availability conditions (Kang and van lersel, 2004; Reich et al., 2002) was 
observed in this study. Although this response may adequately describe relative root 
and shoot growth as influenced by nutrient availability, a sound physiological basis 
for this response it yet to be established because of little evidence of fine control of 
phloem loading in response to sink demand for photosynthates (Lynch et al., 2012; 
Minchin et al., 2002). The unexpectedly and relatively higher root/shoot ratio in PNM 
supplied with FCT + F compared to FO or UCT + F further suggest that nutrient 
uptake may have been affected by microbes in UCT. The increased supply of 
nutrients from FCT + F without complementary microbes, may have negatively 
affected the homeostatic equilibrium of nutrients in the substrate (Blagodatskaya and 
Kuzyakov, 2008; Cleveland and Liptzin, 2007), resulting in lower nutrient uptake in 
PNM substrates. The effects of FCT + F on seedling growth in PM substrates were 
not as discernible as in PNM substrates. This suggests that FCT + F had a lesser 
effect on the equilibrium of PM substrates, which implies that PM had a higher 
threshold level to the negative effects of this treatment (Blagodatskaya and 
Kuzyakov, 2008). The higher threshold level is likely due to a more diverse microbial 
profile or a greater population of specific microbial taxa with synergistic roles and 
functions in PM substrate (Blagodatskaya and Kuzyakov, 2008; Torsvik and 0vreâs, 
2002). 

It is likely that the colonisation of the roots with G. intraradices was negatively 
affected by the relatively high nutrient level of substrates supplied with the nutrient 
amendments (Azcôn et al., 2003; Liu et al., 2000). For AM fungi, Ρ is the main 
element influencing colonisation of host plant roots (Linderman and Davis, 2004; 
Peters and Habte, 2001). Peters and Habte (2001) found that AM fungal activity and 
symbiotic effectiveness was maximum at a solution Ρ concentration of 0.2 mg/l and 
that AM fungal colonisation tended to decrease with medium solution Ρ 
concentrations of > 0.2 mg/l. The continuous application of compost teas with mean 
Ρ concentration of 105.50 g kg"1, to the substrates, may have resulted in Ρ 
concentration above the ideal range reported to maximise root colonisation with AM. 
It is likely that the strain of G. intraradices fortified in the PNM is not acclimated to 
high temperatures (>30 °C), which are typical of tropical wet and dry climates. 
Therefore, the high temperatures may have also prevented or negatively affected 
colonisation of tomato roots with G. intraradices. Parke et al. (1983) reported that VA 
mycorrhizal root colonisation was greatly reduced or prevented at or above 29.5° C. 
In our study, substrate temperature ranged from 27 to 34 °C, which is higher than 21 -
25 °C range, reported to be ideal for mycorrhizal root colonisation (Liu et al., 2004; 
Martin and Stutz, 2004). It is however, less likely that other factors including pH, 
substrate moisture levels, and light would have negatively affected mycorrhizal root 
colonisation since these factors were all within ideal ranges described by Pozo et al. 
(1998). 

Moreover, it is improbable that G. intraradices had any significant effect on RSA of 
tomato seedlings. However, substrate, nutrient amendments, and autoclaving had 
significant main and/or interaction effects on RSA parameters. As with seedling 
growth, the effect of nutrient amendments on RSA parameters was more discernible 
in PNM substrates. The results of FCT + F treated seedlings having higher network 
surface areas and lengths than FO and UCT + F treated seedlings, suggest 
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preferential photosynthate partitioning to root growth to acquire nutrients (Nielsen et 
al., 1998). The higher network surface area and length results are therefore 
congruent with those of root/shoot ratio and further support the assertion that nutrient 
availability, particularly Ν was lowest in FCT + F treated seedlings. In contrast to 
Hodge et al. (1998), increases in number of roots, in response to lower nutrient level, 
were not observed in this study. These results suggest that root initiation was 
foregone, to some extent, in favour of increasing network surface area and length of 
existing roots. Such response would have required less investment of resources and 
yield greater 'returns' in terms of resource acquisition compared to root initiation and 
the maintenance of new roots (Bloom et al., 1985). This assertion is further 
supported by Pregitzer et al. (1997), who reported that fine lateral roots might be the 
least expensive to construct but the most expensive to maintain based on an 
increase in Ν concentration. Lambers (1987) and Janssens et al. (2002) estimated 
that 26-34% of net primary productivity of plants was used for fine root growth and 
maintenance. Robinson (2001) and Hodge (2004) reported that increased root 
proliferation in response to fertility, particularly in nitrogen patches, was more 
economically beneficial and discernible under interspecific plant competition 
conditions, rather than in monocultures. 

With reference to architectural traits, Lobet (2012) ranked root system size 
characteristics as the most important features in water and nutrient uptake, followed 
by root system shape and distribution properties. However, in this study, root system 
spatial distribution and shape parameters were more useful predictors of the 
respective growth and nutrient uptake variables than absolute root system size 
measurements. Root system size parameters are likely more useful predictors of 
water and nutrient uptake under dynamic field conditions or a less controlled 
environment, where root size is not restricted by the sizes of seedling containers, soil 
profile is deeper and more heterogeneous, and water and nutrient supply may be 
more limiting. As with root to shoot ratio, the various ratios, which describe the 
shape and distribution properties of the root system, are suggestive of functional 
growth equilibriums that are ideal for maximising resource acquisition, under the 
specific conditions. However, as is evident by the relatively low variation explained 
by predictors in seedling quality models, the use of root shape and distribution 
properties alone may not be a good proxy to infer resource acquisition by plants 
(Pierret et al., 2007). 

The low level of variation explained by these predictors is understandable in the 
context of heterogeneous root behaviour (Pierret et al., 2007), with only 10 and 30% 
of the total root length of a given root system being effectively involved in nutrient 
and water uptake, respectively (Robinson, 1991). More accurate models can be 
developed by including variables that capture: spatial pattern of root activity, how 
spatial distribution of root activity varies with time and the influence of environmental 
on this pattern, root demographics, and ontogenetic drift (Hodge, 2004; Pierret et al., 
2007; Reich et al., 2002). 

With the exception of stem width, network width to depth ratio, a root system shape 
variable, was the most important trait, which positively affected seedling quality. 
Increasing network width to depth ratio values indicates an increase in horizontal 
relative to vertical exploration for resources, which is desirable in soil-less-container 
production of vegetables, particularly under fertigation. Caution must however be 
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taken when interpreting the effect of compost tea on network width to depth ratio, 
since taproot length was restricted within the container's depth. Models are therefore 
condition specific and are not likely to be appropriate for open-field conditions, where 
taproot growth is not restricted by containment. 

Root length density and taproot length, which have been reported as important traits 
for water uptake and drought tolerance (Kashiwagi et al., 2006), were positively 
related to shoot fresh weight, but not related to shoot dry weight. The expected 
increases in shoot wet weight due in part by increases in specific root length, was 
not evident in this study. However, specific root length was a predictor of leaf area 
as was network surface area to shoot dry weight and stem length. Higher specific 
root length and network surface area imply thinner roots and better soil coverage, 
which are both important for improving resource exploitation efficiency (Fitter, 1991; 
Hodge, 2004). Maximum number of roots, which probably increased water uptake 
efficiency, was the only RSA variable that was positively related to stem width. The 
positive relationship between network bushiness and root length density to 
root/shoot ratio indicate that a more homogenous branching distribution with a 
precision rather than a scale effect may result in better seedling growth (Campbell et 
al., 1991; Topp et al., 2013). 

As with rhizotron and pot studies, the effects of compost tea on RSA and the 
relationships of RSA with seedling quality parameters reported in this study was 
influenced by the width and depth of the container. Parallel runs were not done to 
investigate and weight and/ or partition the effect of container size on the overall 
effect of treatments. 

Conclusions 

Seedling growth and RSA, resulting from planting in commercial substrate inoculated 
with G. intraradices (PM) are comparable to non-inoculated substrate (PNM) 
supplied with UCT + F made from LCC. With the exception of leaf area, UCT + F or 
FCT + F applied to PM substrates (non-autoclaved or autoclaved) had no significant 
effect on growth parameters measured. Growth enhancement effect observed in the 
non-inoculated substrate is attributed to the activities and products of 
microorganisms indigenous to compost teas and substrates. Glomus intraradices did 
not colonise roots and increased Ρ uptake was not observed in substrate inoculated 
with the endomycorrhizal fungi. Nutrient amendments affected RSA including 
traditional root traits e.g. specific root length, root surface area and volume and novel 
traits, such as network bushiness and solidity. The findings of this study have 
practical implications for growth substrate selection, fertiliser management strategy, 
seedling performance, and the overall profitability of vegetable seedling or 
production enterprises. Selection of the non-inoculated substrate and the fertiliser + 
unfiltered compost tea combination, means that the initial higher cost of purchasing 
inoculated substrate will be avoided. However, the cost, time, and labour associated 
with the production and application of compost tea will be incurred. Conversely, the 
combination of the inoculated substrate and FO means that the higher initial cost of 
the substrate will be incurred but the cost, time, and labour associated with the 
production and application of compost tea will be avoided. Studies on cost-benefits 
analysis between these two combinations, particularly over a crop production cycle, 
will prove useful in decision-making. Further studies on spatial patterns of root 
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activity, how spatial distributions of root activity vary with time and the influence of 
environmental factors on this pattern in soil-less culture, are needed to better 
understand the effect of RSA on plant growth. 
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Figure Captions: 

Fig. 1. Interaction effect of substrate and nutrient amendments on (A) root fresh 
weight and (B) leaf fresh weight (C) root dry matter (D) stem dry matter (E) leaf dry 
matter (F) total dry matter (G) stem diameter, and (H) root/shoot ratio of tomato. 
Error bars indicate one standard error. Means with different lowercase letters are 
significantly different within substrate type; those with different uppercase letters are 
significantly different across substrate types within the same nutrient amendment 
[unfiltered (UCT + F) or filtered compost tea + fertiliser (FCT + F), and fertiliser only 
(FO)], Ρ < 0.05, least square means analysis. 

Fig. 2. Interaction effect of autoclaving and nutrient amendments on (A) root dry 
matter and (B) stem dry matter (C) leaf dry matter (D) total dry matter (E) root 
diameter, and (F) stem diameter of tomato. Error bars indicate one standard error. 
Means with different lowercase letters are significantly different within autoclaving 
(autoclaved or non-autoclaved; those with different uppercase letters are significantly 
different across autoclaving within the same nutrient amendment [unfiltered (UCT + 
F) or filtered compost tea + fertiliser (FCT + F), and fertiliser only (FO)], Ρ < 0.05, 
least square means analysis. 

Fig. 3. Interaction effect of substrate, autoclaving, and nutrient amendments on leaf 
area of tomato. Error bars indicate one standard error. Means with different 
lowercase letters are significantly different within substrate type; those with different 
uppercase letters are significantly different across substrate types within the same 
nutrient amendment [unfiltered (UCT + F) or filtered compost tea + fertiliser (FCT + 
F), and fertiliser only (FO)], Ρ < 0.05, least square means analysis. 

Fig. 4. Interaction effect of substrate, autoclaving, and nutrient amendments on 
specific root length. Error bars indicate one standard error. Means with different 
lowercase letters are significantly different within substrate type; those with different 
uppercase letters are significantly different across substrate types within the same 
nutrient amendment [unfiltered (UCT + F) or filtered compost tea + fertiliser (FCT + 
F), and fertiliser only (FO)], Ρ < 0.05, least square means analysis. 

Fig. 5. A) Entry point of fungi in root sample of potting mix inoculated with G. 
intraradices (PM) and treated with fertiliser only B) Mycorrhizal colonisation of root 
cortex of tomato plant grown in perlite under greenhouse conditions (reference 
sample, which was not from this study). 
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Table 1. Root system architecture parameters measured in seedling growth 
assays. 

Root 
system 
traits 
category 

Parameter Description Unit 

Size 

Shape 

Taproot length 
Network3 length 
Average root 
diameter 

Network surface area 

Distribution 

Network volume 

Network width to 
depth ratio 
Maximum number of 
roots 

Specific root length 

Network length 
distribution 

Root length density 

Network solidity 

Network bushiness 

Length of the taproot. 
Length of all roots in the network. 
Average width of all roots in the 
network. 
The sum of the local surface area at 
each root of the network skeleton, 
as approximated by 
a tubular shape whose radius is 
estimated. 
The sum of the local volume at 
each root of the network skeleton, 
as approximated by 
a tubular shape whose radius is 
estimated. 
The value of network width divided 
by the value of network depth. 
Maximum number of roots exploring 
a given soil horizon 
Total network length divided by 
network volume. 
Ratio of deep to shallow root 
exploration relative to total 
network depth. 
total length of root system network / 
unit volume of substrate in which 
crop is planted. 
The total network area divided by 
the network convex area. 
The ratio of the maximum to the 
median number of roots. 

cm 
cm 

cm 

cm 

crrr 

cm/cm' 

cm/cm' 

Network refers to the whole root system. 
Source: Topp et al. (2013, Supporting information') 
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Table 
3. 

Interaction 
effect 

of substrate 
by nutrient 

am
endm

ent 
on 

m
axim

um
 

num
ber 

of roots, 
root system

 
length, 

distribution, surface area, and volum
e. 

S
ubstrate

3 
N

utrient 
M

N
R

C
 

N
L 

R
LD

 
N

LD
 

N
S

A 
N

V
. 

N
B 

N
S 

am
endm

ent 13 
(cm

) 
(cm

/cm
3) 

(cm
2) 

(cm
3) 

P
N

M
 

FO
 

31 bA 
103.71 bA 

1.04bA 
0.56bB 

211,92bA 
5.94a A 

2.10aB 
0.25aA 

U
C

T
+ F 

45aA 
115.85abA 

1.16abA 
0.94abA 

198.09bA 
4.61aB 

2.37aA 
0.24aB 

FC
T + F 

44aA 
151,44aA 

1.51 aA 
1,45aA 

322.68aA 
9.29aA 

3.00aA 
0.28aA 

P
M

 
FO

 
42 a A 

96.47aA 
0.97aA 

1,63aA 
182.90aA 

5.09abA 
3.15aA 

0.22bA 
U

C
T

+ F 
41 aA 

98.79aA 
0.99aA 

0.76abA 
244.39aA 

12.30aA 
1.88bA 

0.32aA 
FC

T + F 
33aA 

86.76aB 
0.87aB 

0.77bB 
179.60aB 

4.17bA 
2.58abA 

0.25abA 
V

alues represent m
eans of 6 replications; m

eans w
ith different low

ercase letters are significantly different w
ithin substrate type (P

M
 or P

N
M

); 
those w

ith different uppercase letters are significantly across substrate type w
ithin the sam

e nutrient am
endm

ent treatm
ent (FO

, U
C

T + F or FC
T + F), Ρ < 

0.05, least square m
eans analysis. 

aP
N

M
- 

potting m
ix (S

unshine P
rofessional grow

ing m
ix®

, S
un G

ro H
orticulture, B

ritish C
olum

bia, C
anada) 

not inoculated w
ith 

G
. intraradices, 

and P
M

 
-

potting m
ix (P

R
O

-M
IX 'B

X
'/M

ycorise®
 

P
R

O
, 

P
rem

ier H
orticulture Ltd., D

orval, C
anada) inoculated w

ith G
. 

intraradices. 
FO

 - fertiliser only, U
C

T + F - unfiltered com
post tea and fertiliser, FC

T + F - filtered com
post tea and fertiliser. 

CM
N

R
 - 

m
axim

um
 num

ber of roots, N
L- netw

ork length, R
LD

 - 
root length density, N

LD
 - 

netw
ork length distribution, N

S
A

- netw
ork surface area, N

V 
-

netw
ork volum

e, N
B - N

etw
ork bushiness, and N

S - N
etw

ork solidity. 
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Table 4. Interaction effect of substrate by autoclaving on maximum number of 
roots, network length, root length density, and network surface area. 

Substrate3 Autoclaving NLb 

(cm) 
RLD 
(cm/cm3) 

NSA 
(cm2) 

PNM Non- 155.27aA 1.55aA 332.42aA 
autoclaved 
Autoclaved 92.06b A 0.92bA 156.03bA 

PM Non- 95.19aB 0.95aB 248.62aB 
autoclaved 
Autoclaved 92.82a A 0.93aA 155.96bA 

Values represent means of 6 replications; means with different lowercase letters are significantly 
different within substrate type (PM or PNM); those with different uppercase letters are significantly 
across substrate type within the same autoclaving treatment (non-autoclaved or autoclaved), Ρ < 
0.05, least square means analysis. 
aPNM- potting mix (Sunshine Professional growing mix®, Sun Gro Horticulture, British Columbia, 
Canada) not inoculated with G. intraradices, and PM - potting mix (PRO-MIX 'BX'/Mycorise® PRO, 
Premier Horticulture Ltd., Dorval, Canada) inoculated with G. intraradices. 
bNL- network length, RLD - root length density, and NSA - network surface area. 

Table 5. Interaction effect of nutrient amendment by autoclaving on maximum 
number of roots, root system length, distribution, surface area, and volume. 

Autoclaving Nutrient MNRD NL RLD 
amendment3 (cm) (cm/cm3) 

Non- FO 38aA 116.63abA 1.17abA 
autoclaved UCT + F 36aB 108.51 bA 1.09bA 

FCT + F 47aA 150.56aA 1.51aA 

Autoclaved FO 36 b A 83.54aA 0.83aA 
UCT + F 51 aA 106.14aA 1.06aA 
FCT + F 31 bB 87.65aB 0.88aB 

values represent means of 6 replications; means with different lowercase letters are significantly 
different within autoclaving treatment (non-autoclaved or autoclaved); those with different uppercase 
letters are significantly across autoclaving treatment within the same nutrient amendment treatment 
(FO, UCT + F or FCT + F), Ρ < 0.05, least square means analysis. 
aFO - fertiliser only, UCT +F - unfiltered compost tea and fertiliser, FCT + F - filtered compost tea 
and fertiliser. 
bMNR - maximum number of roots, NL- network length, and RLD - root length density. 
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EVALUATING PLANT GROWTH IN ORGANIC SEEDLING POTS 

S. Gajadhar1, C. Kesharie1, and L. Ori2. 1 Senior undergraduate student, Department 
of Agricultural production; Faculty of Technology; 2 Faculty member, Department of 
Agricultural Department, Faculty of Technology, Suriname 

ABSTRACT: Organic containers are environmentally-friendly and are considered a 
natural approach to starting vegetable seeds. There are several different types of 
organic seed starting pots to use when vegetables are grown from seeds. Usually the 
seeds are sown directly into a potting mix inside the pot, so they grow until it's time to 
be placed in the greenhouse or in the garden. At planting time, there is no need to 
remove the seedling from its container. Vegetable seedlings move straight to the 
garden, rather than being repotted. In addition, organic pots can improve the soil. 
After the seedling is planted the pot's organic material breaks down in the soil during 
the planting season. Sustainability is a buzzword these days, and sustainable 
technologies and methods are encouraged to be used. Suriname produces a lot of 
waste from husk from rice and also from newspapers, which are daily produced. 
Therefore in lieu of protecting the environment against pollution and to promote 
sustainable agricultural methods, a study was conducted to produce organic 
containers from newspapers, rice husk, and manure, and to evaluate the growth of 
selected vegetable seedlings in these organic containers. Preliminary results 
indicated that the pots did not restrict root growth, dissolved in the soil quickly, and 
allowed roots to proliferate in the rhizo-sphere. The economics and efficiency issues 
of the production of organic containers were also addressed. 

Keywords: Organic seedling pots, tomato, lettuce, cauliflower, kalian. 

Introduction 

One of the most important elements for plant development is nitrogen in the soil. In 
organic farming, certain types of grasses or legumes, or cow manure are used to fix 
nitrogen back into the soil. Nitrogen applied in the form of manure fosters favorable 
soil microbes, which are indicative of healthy and fertile soil. Cow pots for seedling 
plants also have these properties. These type of pots are the creation of the brothers 
Matt and Ben Freund, second-generation dairy farmers in the northwest hills of 
Connecticut (Warren, 2013). Cow pots are an ecological way to grow strong, healthy 
plants. These innovative seed starting pots are made from cow manure that are 
mostly composted. The benefits of cow manure pots include: composed of a naturally 
reoccurring resource; the manufacturing process removes all weeds pathogens and 
odors; cow manure retains water well; pots retain shape and strength in a 
greenhouse setting; roots penetrate the walls and bottom of the pot; cow pots are 
directly planted into the soil; easy and efficient handling without harm to root structure 
and once planted cow pots decompose within a matter of weeks (Warren, 2013). 

McDonald (2013) stated that plastic seedling pots must be cleaned after every period 
they have been used. This process takes too much time and does not guarantee that 
plastic pots are pathogen free. When biodegradable pots like: cow-, newspaper- or 
fiber pots are used for seedlings, these pots have a lot of benefits for the plant, the 
environment and the user. Newspaper pots are made of newspaper mache. While 

427 



almost every other kind of pot costs money, the creation of seedling pots from old 
newspapers is at no cost. Even if there is not a stack of old newspapers in people's 
houses, it doesn't take long to acquire donations from neighbors and friends who 
would prefer to see their used newspaper recycled to a new and useful product. The 
pots will help the compost to remain moist, since it won't dry out when being watered 
and it will biodegraded when transplanted into the garden. Neither the newspaper nor 
the ink actually add nutritional value to the soil when these cups are planted into the 
soil as the seedlings are planted. The ink contains carbon, which is good for the 
plants, and the paper is beneficial in maintaining the moisture content of the soil. 
According to Karen Hager (2011), biodegradable pots like cow manure pots or 
newspaper pots have several advantages over plastic pots for starting seeds. First, 
they are easier to use, because it is not necessary to repot the plant. When it comes 
time to transfer the plants into the garden, simply pop the plant, with biodegradable 
pot and all, into the planting hole. No repotting the plant means that you won't disturb 
the roots from the plant you are transplanting. The process of transplanting moving 
from a small pot to a larger one or directly into your garden can damage and remove 
the delicate hairs on the plant's roots. This prevents the roots from absorbing water 
from the soil or compost properly, and can halt plant growth for up to three weeks. 

The overall purpose of the study was to evaluate the growth of selected vegetables in 
organic seed pots. Specifically, the objectives included evaluation of: 

1. Growth of Lactuca sativa (lettuce), Lycopersicon esculentum Mill, (tomato), 
Brassica oleracea L. var. boltrytis (cauliflower) and Brassica oleracea L. var. 
albogabra (kalian) in cow pots and news- papermache pots. 

2. Growth of Brassica oleracea L. var. albogabra (kalian) seedlings in organic 
pots in the soil. 

Material and Methods 

Pot Production 

Two types of pots were made manually. The information about used materials and 
material ratio for each pot are shown in Table 1. First a mixture was made from the 
material combination of each pot, then the seedling pots were shaped with a 
drainage hole and then the pots were placed in a ventilated area to air dry. 

Table 1. Material used to make organic pots 

Pot type Material and material ratio 
A 70% paper mache + 30% cow manure 
Β 80% cow manure + 20% rice husk 
C Plastic pot (PET) 

Seed Germination Capacity Test 

Seed germination of each type of seed was conducted for a period of 48 hours. Seed 
type, number of seeds and germination percentage of seeds used for this experiment 
are shown in Table 2. 
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Table 2. Seed germination of types of four vegetables 

Seed type Number of seeds Germination (%) 
Lettuce 20 99 
Tomato 20 65 
Cauliflower 20 95 
Kalian 20 55 

Field study: The field studies were conducted in the beginning of May till June 2013 in the 
greenhouse of the Department of Agriculture at the Anton de Kom University in Suriname. The field 
study was divided in two sub- experiments. First, sub- experiment one was conducted, followed by 
sub- experiment two. For sub- experiment 1 the growth of the seedlings plants in the three type of 
pots was evaluated. The experimental design was executed as a randomized complete block with 
four replications. A homogeneous plant medium (70% pot soil + 30% river sand) was used. All seeds 
(lettuce, tomato, cauliflower, kalian) were germinated first and then planted in the seedlings pots. 

The experimental design of experiment 2 was also a randomized complete block with four 
replications. Only kalian seedling plants (3 weeks old) were used in the second experiment. 
In this experiment the growth of seedling plants was evaluated in soil (soil combined with 
manure, shells and humus). The Ν, Ρ and Κ requirement in soil and for the plant growth of I 
kailan are listed in Table 3. The kalian plants were harvested 3 weeks after planting in the 
soil. The age of these plants from seed to harvesting was 7 weeks. Plants in pot A and pot Β 
were planted together in the soil and the plants in pot C were planted without a pot. 

Table 3. Ν, Ρ and Κ in the soil and Ν, Ρ and Κ requirements for kalian. 

Ν (%) Ρ (%) Κ (%) 
Soil (50% shells, 25% riversand, 25% cowmanure) 0.21 0.31 0.38 

Requirements for the growth of Brassica sp. 1 0.5 1 
Fertilizer application (organic manure before planting) 0.64 0.64 0.65 

De Ruiter, Chakwizira, and Maley (2010) 

Measurements: In experiment 1, the number of leaves in time of each plant, shoot length, root 
length (only for tomato and cauliflower) and plant weight (only for tomato and cauliflower) were 
measured. In the second experiment shoot length, number of leaves, plant (shoot) weight and leaf 
area were measured. 

Data Analysis: All data were subjected to analysis of variance (ANOVA) using the 
Sigmastat statistical program. Differences in means of different treatments were evaluated 
for significance following LSD Fisher. Significance was set at P<0.05. 

Results 

Results of Experiment 1 

As the number of leaves of the several type plants were compared to the control pots (pot 
C), there was a significant difference (p= 0.004) in the number of leaves over time for 
lettuce, kalian (p= 0.009) and cauliflower (p= 0.009) grown in the various pots (Figure 1). 
The tomato seedling results showed that there was no significant difference (p= 0.250) in 
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the number of tomato leaves in time among the pot treatments A, Β and the control pot 
(Table 4). There was no significant difference (p> 0.05) in the plant heights of the lettuce 
and kalian between the organic pots and control pots. There was, however, a significant 
difference in plant height between the tomato seedling and cauliflower plants in each pot 
(Table 4). For root length of the tomato (p= 0.005) and the cauliflower (0.026) seedlings, 
there was a significant difference between the pots. The plants grown in the plastic pots had 
the biggest root length. Between the root length of the tomato and cauliflower plants there 
were no significant differences. The plant weight of the tomato and cauliflower seedlings 
grown in the various pots were significantly different from each other (p< 0.005). Seedling 
plants (tomato and cauliflower) grown in the control pots had a higher plant weight than the 
plants grown in the organic pots (Figure 2). The weight of the seedling plants in pot Β was 
higher than that of the plants grown in pot A 

Results of Experiment 2 

There was no significant difference (p= 0.47) between the total number of leaves of kailan 
planted with the organic pots in soil compared to the control plants (Table 5). There were 
significant differences (P= 0.007) in plant height of these plants among the various types of 
pots. The control plants were the tallest compared to the plants grown in the organic pots. 
There were no significant differences in plant weight of the kalian plants between the pots 
(P= 0.007) and the blocks (P= 0.078). However, there was a significant difference in leaf 
area between the kalian planted in the pots and the control (Table 5). The control kalian 
plant had the biggest leaf area (Figure 3). 
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Figure 1. Graphs showing the relation between number of leaves in time 
(6 days, 12 days and 18 days after planting) of lettuce, kailan, 
tomato and cauliflower grown in various types of pots (experiment 1). 

m 

.2° '53 

re 
Ή. 

Average plant weight of tomato and cauliflower seedlings vs pots (A, Β 
.C) 

4 

2 

0 

I tomato seedlings 

I cauliflower seedling 

Pot A Pot Β PotC 

Figure 2. Graph showing average plant weight of tomato and cauliflower 
(3 weeks old) in relation with growing in the three types of pots. 
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Table 4. Results of plant height (cm), root length (cm) and plant weight of tomato and 
cauliflower seedlings grown in three different seedling pots (experiment 1). 

Plant type Pot type Plant height (cm) Root length (cm) Plant weight (g) 

Tomato A 3.7a 6.6a 0.64a Tomato 

Β 5.5b 8.3a 1.05b 

Tomato 

C 8.1ab 13.9ab 2.66ab 

Ρ-value 0.005 0.005 0.005 

Cauliflower A 3.5a 6.9a 0.39a 

Β 4.1b 9.9b 0.85b 

C 3.7ab 9.3b 1.7ab 

Ρ-value 0.001 0.026 0.001 

Lettuce A 1.2a 

Β 1.2a 

C 1.4a 

Ρ-value 0.6 

Kailan A 2.1a 

Β 2.4a 

C 2.5a 

Ρ-value 0.7 

Table 5. Results of plant height (cm), plant weight (g), leaf area (cm2) and of total 
number plant leaves of kailan mature plants grown in the soil with the pots A or Β and 
no pot (experiment 2). 

Plant type Planted 
with pot 
type in 
soil 

Average 
plant height 
(cm) 

Average 
number of 
total plant 
leaves 

Average 

plant weight 
(g) 

Average 

Leaf area 
(cm2) 

B. oleracea 
L. var. 
albogabra 

A 16a 10a 56a 134.8C B. oleracea 
L. var. 
albogabra Β 18b 12a 115a 178.8b 

B. oleracea 
L. var. 
albogabra 

C 25ab 12a 185a 242.5ab 

Ρ-value 0.007 0.47 0.07 0.042 
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Leave area (cm2) of kailan vs the 2 types of pot and 
control pot 

3 0 0 

2 5 0 

200 

S 1 5 0 υ 
100 

50 

0 

Β leave area 

pot A pot Β 
pot type 

no pot 

Figure 3. Graph showing relation between the leaf area of the mature 
kalian plants planted with organic pot and without pot in the soil 
(experiment 2). 

Discussion 

Experiment 1 

The differences in plant height, root length, number of leaves and plant weight from tomato-
and cauliflower seedling plants are a result of several uncontrolled factors like: volume of the 
various pot, water absorption capacity of the organic pot material (manure pot and paper pot 
had different water absorption capacity), the compaction (aeration) of the organic pot 
material and the interaction of the roots on the various pot materials. Most likely, the paper 
pots contained some ink residues and the fresh cow manure had a high acidity. 

Experiment 2 

The difference in plant height and leaf area of the kalian plants planted in a homogeneous 
plant medium with the organic pots and no pots could be explained as follows: disturbance 
in root penetration through organic pots, the water absorption capacity of the organic pot 
material, the moistness of the organic pots and the aeration of the pots material. The roots 
of the plants that were not planted with a pot in the soil could grow undisturbed. Roots could 
have absorbed water from the soil, but the roots of the plants in the organic pots could have 
been disturbed to absorb the irrigation water from the soil. 

Conclusion 

From the findings obtained from this study, the seedling plants that were planted in the 
plastic pots had better results than the plants in the newspaper organic pots, but the results 
of the plants grown in the manure pot with husk were good enough and this type of organic 
pot (pot B) could be used in future studies. The kalian plant planted with the pot Β had good 
results, but the best harvested mature kalian plants were the ones without a pot. 
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Recommendation 

In future experiments, several variations of the ratio of the materials that were used to make 
the pots be used in order, -to create a pot that is aerated, strong, with moderate water 
absorption and quickly decomposable. To make organic pots of cow manure the manure 
first need to be composted using high temperature (no weed seeds, odor and pathogens) 
and after that it can be used for pot production. To make uniform organic pots it is better to 
use a mold and a dryer. Organic pots can only be used for one time and not twice. The cost 
to produce organic pots on a household level can be divided in raw material purchasing 
(news papers, rice husk, cow manure) and labor. At these days newspapers, rice husk and 
cow manure are free of cost. So to produce organic pots the biggest cost depend on labor 
because organic pot production is very labor intensive. 
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GROWING MEDIA EFFECTS ON SWEET PEPPER (CAPSICUM ANNUUM L.) 
NUTRITION AND YIELD UNDER TIMED FERTIGATION 

G. Eudoxie, M. Martin, and L. Carrington. Department of Food Production, University of the 
West Indies, St. Augustine Campus, Trinidad and Tobago 

ABSTRACT: Producers have experienced wide variation in yield and plant performance 
under tropical greenhouse culture and have attributed this party to choice of growing media. 
Chemically reactive media interact with nutrients in the fertigation solution and may improve 
nutrient uptake and plant performance. This hypothesis was tested in a glasshouse trial 
investigating four physically and chemically different media, including perlite (PL), coconut 
coir (CC), and combinations of PL with either rice straw compost (RSC) or bagasse based 
spent mushroom substrate (SMS). Treatments were planted to sweet pepper (Cv. Destra) 
and fertigated with a modified Hoagland's solution. Total number of fruits per plant and yield 
were measured over a 3-month production period. Plant tissue samples were taken at the 
onset of flowering and at the end of the trial stem diameter, along with media pH and EC 
were measured. Plant height and stem diameter was similar across media, whilst media EC 
was highest for CC. This correlated with greater number and weight of fruits. Growth 
parameters were lowest for PL and were indifferent between the two compost treatments. 
Coconut coir showed high productivity under the tested conditions, but resulted in increased 
fruit physiological disorders under the present fertigation regime. Completely organic media 
may not be a suitable growing media choice for tropical production. 

Keywords: growing media, sweet pepper, fertigation, nutrient content. 

Introduction 

Lower yields from extensive cropping systems associated with changing and unpredictable 
climatic conditions, increased resistance of pests and diseases, the use of newer and 
stronger pesticides with greater environmental implications has rekindled interest in 
protected agriculture (PA) systems in the Caribbean. The desire for safer, healthier foods, 
increase yield per unit area and sustainable production has triggered an increase in the 
investment and operation of commercial scale PA structures, mainly plastic covered 
greenhouses. Within these structures the tendency has been to employ control systems to 
minimize production limitations. As such the majority of growers use soilless media, 
improved greenhouse varieties, fertigation systems and insect screen mesh. The avoidance 
of soil implies that the rooting media is free of potential pest and disease, but also implies 
that the medium in most cases is devoid of inherent fertility. Fertigation in soilless media 
attempts to maintain a consistent supply of mineral elements within the rootzone at 
concentrations non-limiting to plant uptake and hence reducing if not cancelling the media 
influence on plant nutrition. Two important factors among others may affect that reality. 

Firstly, the nature of the growing media may affect the chemical equilibrium within the 
rootzone. Whilst all substrates are selected based on physical criteria for optimising water 
and oxygen availability, the different substrates could have direct and/ or indirect effects on 
plant growth and development (Ghehsareh et al., 2011). Substrates can be classified as 
either organic or inorganic, with further subclasses of inert and chemically active within the 
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inorganic class. Chemically active media has the potential to alter and change the chemical 
equilibrium within the media to which roots are exposed with the potential to influence plant 
growth, development and ultimately yield. Increase vegetative growth and yield has been 
reported for mixed substrates, combinations of inert and chemically active substrates over 
solely inert substrates for strawberry (Tehranitar et al., 2007) and tomato (Djedidi et al., 
1997; Inden and Torres, 2004). Authors mainly alluded to the increase retentive ability of 
chemically active substrates for improved performance. Permuzic et al. (1998) went further 
and showed that organic media produced greater yield of tomato fruit of better quality that 
inorganic media. Information in the literature suggests that the use of organic media is 
recommended moderated by some amount of inert substrate. 

The second factor for consideration is the composition and supply of the nutrient solution. 
High frequency fertigation associated with a greater number of fertigation events per day 
has been reported to increase marketable yield by reducing physiological disorders 
associated with nutrient uptake and translocation (Silber et al., 2005; Silber et al., 2003). 
Higher fertigation frequency ensures that the conditions at the root interface mimic that of 
the fertigation solution, essentially removing any dependence on the retentive abilities of 
chemically active substrates supplying water and nutrients between fertigation events. 
Furthermore under this system there is a reduced likelihood that the media will influence the 
chemical equilibrium of the fertigating solution. Based on the previous statement it was 
hypothesised that growing media would have no effect on sweet pepper nutrition and yield 
under high frequency fertigation. 

Methodology 

The study was conducted in an open ventilated glasshouse at the University of the West 
Indies St. Augustine Campus in Trinidad and Tobago (10.5526 °N, 61.3152 °W), from 
January 11 to May 31, 2013. Mean maximum and minimum temperatures were 33 and 24 
°C respectively, at a corresponding relative humidity of 60 and 95 %. Sweet pepper plants 
(cv. Destra) were transplanted to each of four growing media treatments arranged in a 
completely randomized layout with five replicates. Growing media was contained in 20 litre 
plastic buckets perforated at the base and lined internally with a 5 cm layer of 9.5 mm 
aggregate. Media consisting of perlite (PL), coconut coir (CC), PL plus spent mushroom 
substrate (SMS) and PL plus rice straw compost (RSC), with the latter two media having a 
ratio of 3:2 were packed to within 5 cm of the surface. Mix media were thoroughly blended 
using hand tools prior to filling. All treatments were soaked with water prior to transplanting. 
A modified Hoagland's solution (N: 206, K: 225, Ca: 200, Ρ: 40, S: 97, Mg: 52, Fe: 2, Β: 1, 
Μη: 1, Zn: 0.25, Cu: 0.25, and Mo: 0.05 mg L"1) was used as the fertigation solution and 
administered at a high frequency, every two hours for two minutes, delivering 150 ml per 
event. For the first 40 DAT fertigation duration was restricted to one minute. Fertigation 
commenced immediately after transplanting. Irrigation was controlled by a zero pressure 
solar Rain Barrel timer connected to a 140 litre bulk tank, which was refilled when needed. 

Mature green fruit were selectively harvested weekly from 57 DAT until the last harvest at 
140 DAT. Marketable fruit yield, total and marketable number of fruit and average fruit 
weight were recorded. Marketable fruit consisted of acceptable fruit free of physiological 
disorders and with a fresh weight > 100 g. Number of marketable fruit was expressed as a 
percentage of total number of fruit. Six youngest fully expanded leaves per plant were 
excised between the 1st and 2nd trusses to determine tissue nutrient content by washing with 
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distilled water, blotting dry and then oven drying for 72 hours at 65 °C in a convection oven. 
The dried samples were digested with H2S04-salicylic acid-H202 formulation (Temminghoff 
and Houba, 2005) followed by Ν determination by titration after steam distillation (Bremner, 
1996), Ρ determination by ascorbic acid method (Kuo, 1996) and the metals (K, Ca, Mg, Μη, 
Fe, Cu, and Zn) determined by atomic adsorption spectrometry. 

At the end of the trial stem diameter was measured 5 cm from the base using a vernier 
calliper. Media pH and electrical conductivity (EC) were also measured directly using field 
probes; IQ 150 pH meter and Field Scout EC 110 meter (Spectrum technologies, Inc.) 
respectively. These measurements were taken 30 minutes after a fertigation event. 

Statistical Analysis 

Analysis of variance (ANOVA) was performed to assess the significance of treatment 
effects. Differences among treatment means were compared using Tukey's multiple range 
test at the 0.05 probability level. Pearson's correlation coefficient was used to determine 
relationships among parameters, specifically between tissue nutrient content, yield indices 
and media characteristics. 

Results and Discussion 

Statistical analysis revealed that growing media only affected total fruit count out of the four 
yield variables (Table 1). Notably there was no effect on percent marketable fruit or yield, 
although the incidence of physiological disorders and other fruit damage was relatively high 
(> 40%). Total number of fruits was greatest for CC, a trend that was also reflected for 
media EC. A strong positive correlation (r = 0.77) was found between these variables. 
Timed fertigation events of two hour intervals may have allowed plants to become 
dependent on the media's nutrient supplying capacity, especially during period of high air 
temperatures. Coconut coir possessed the greatest retentive capacity and was probably 
able to supply plant available nutrients longer between events resulting in greater growth 
and fruit set. Plant stem diameter was greatest for this treatment although the effect was 
non-significant at Ρ > 0.05. All plants grown in this media showed fruit set at nearly every 
node, however, the greater demand placed on these plants for Ca translocation to fruits 
resulted in a greater incidence of blossom end rot (BER). Marketable fruit was lowest for 
CC. While higher media EC was related and can increase fruit count, it affects fruit size and 
quality (Inden and Torres, 2004). 

Tissue macronutrient concentration of Ρ and Mg was significantly higher in CC compared to 
PL (Table 2). Mixtures of PL with compost apparently modified the effects of the single inert 
media, resulting in non-significant effects compared to the single organic media. The 
inclusion of organic substrates increased Ρ content in the luxury zone, although all 
treatments had concentrations above optimal. This is important as Ρ has been shown to 
have a linear relationship with dry matter accumulation and yield in sweet pepper (Silber et 
al., 2005). A similar significant relationship is reported herein between tissue Ρ content and 
total fruit number (r = 0.57). At 40 mg Ρ L Ρ uptake was enhanced under the high 
fertigation frequency. Xu et al. (2004) explained that frequent fertigation improves nutrient 
uptake by continuous replenishment of nutrients in the depletion zone in the root media and 
also enhances transport of dissolved nutrients by mass flow, because of the higher time-
averaged water content in the media. The latter is probably more pronounced in organic 
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media, with greater water retention. Tissue Mg concentration was the only variable 
significantly related to fruit yield (r = 0.72). 

Interestingly, although media treatments affected tissue content of five essential nutrients 
only three of these (P, Mg and Fe) were significantly related to total fruit number. Further, 
those three nutrients were all within the sufficiency range identified for sweet peppers at that 
growth stage (Jones et al., 1991). This implies that plants were still responding to external 
supply of these nutrients with implications for improved fertigation practices. Using PL to 
reflect the concentration of micronutrients exposed to roots from the fertigation solution, 
inclusion of organic substrates or total replacement either increased or decreased Fe, Μη 
and Zn tissue concentration. Iron and Zn concentrations were greater in leaves from P+SMS 
treatments, which is most likely related to inherent concentrations of these nutrients from 
feedstock material used during composting. The greater content of Mn seen in P+RSC 
plants may be related to the lower pH of this treatment. A significant negative correlation (r = 
-0.45) was observed between tissue Mn content and media pH. Of greater importance than 
the treatment effect was that Mn and Zn contents across media were in the deficiency 
range. Concentrations of these nutrients were similar to other studies (Silber et al., 2005; 
Jovicich et al., 2007) and hence the lower concentrations may be associated with chemical 
conditions at the root interface limiting nutrient uptake, namely pH. Sonneveld and Voogt 
(1997) reported that lower solution pH to 5.6 strongly suppressed chlorosis associated with 
micronutrient deficiency in Gerbera. They further indicated that the effect of pH on 
micronutrient absorption was substantial. Increasing the concentration of micronutrients in 
the fertigation solution at higher pH (>6.0) may increase uptake. 

Conclusion 

Growing media treatments resulted in minimal effects on sweet pepper yield attributes. Total 
fruit number was highest in CC media associated with a higher EC and greater 
concentrations of tissue macronutrients. Marketable fruit, total yield and average fruit weight 
was not significantly affected by media type. Chemical conditions of the media affected 
nutrient uptake mainly for micronutrients, this effect was further compounded by the activity 
of the organic substrate. Variation in macronutrient tissue concentration had little practical 
implication since all values were either within or above the sufficiency range. Sweet pepper 
tissue nutrient content was related to chemical activity of the media and this should be 
considered as it may affect fruit quality. 
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Table 1. Variance ratios of measured variables affected by treatment. 

Variate Ratio 
Total Fruit 8.03** 

Marketable Fruit 0.81 
Total Yield 2.08 

Average Fruit 
Weight 1.8 

Ν 0.64 
Ρ 4.28* 
Κ 2.72 

Ca 1.39 
Mg 3.78* 
Fe 10.98*** 
Zn 23.64*** 
Cu 2.99 
Mn 13.37*** 

Stem Diameter 1.17 
pH 1.06 
EC 62.46*** 

* * * * * * represent significance at Ρ < 0.05, Ρ < 0.01 or Ρ < 0.001, respectively 

Table 2. Total number of fruit and tissue nutrient content affected by growing media. 

Media 

Ρ 
CC 
P+SMS 
P+RSC 

Total 
Fruit 

Mn EC 
Mg Fe Zn 

% 
12.8b 
20.6a 
15.4b 
13.6b 

0.644c 
0.74a 

0.675bc 
0.712ab 

0.504b 
0.663a 

0.567ab 
0.538b 

38.2b 
28.2c 
48.7a 
36b 

•mg kg"1· 
6.17c 
10.63b 
13.5a 
9.55b 

15.59b 
15.45b 
10.29c 
22.57a 

MS cm" 
1 

105c 
1355a 
620b 
403b 

Values followed by different lowercase letter within a column are significantly at Ρ < 0.05, least squares means 
analysis. 
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MICROBIAL SUCCESSION DURING VERMICOMPOSTING 

A. Ansari and A. Hanief. University of Guyana, Georgetown, Guyana 

ABSTRACT: Every habitation produce a considerable amount of biodegradable wastes that 
are discarded via dumping at various sites, in landfills, being burnt or in dumped in the river 
systems. Guyana is no exception - the water ways are polluted with plants, grass is 
constantly mowed from lawns, huge amounts of market refuse on a daily basis - contributes 
to unsightly land pollution. Vermicomposting is the best solution to getting rid of these 
biodegradable waste materials. Composting of grass, water hyacinth and a combination of 
grass with water hyacinth were successful. Final compost yields were at least 30%. This 
represents a huge decrease in compost volume. Therefore, vermiculture is a very efficient 
method to reduce biodegradable solid waste. The physic-chemical and biological properties 
of the composts were responsible to enhance growth and yield of Brassica chinensis. This 
was confirmed from final soil analysis. There are two major reasons why vermicomposting is 
better. Waste is converted faster. Conventional composting takes weeks to months to 
convert your organic matter to compost and is very labor intensive. By using earthworms, 
waste is rapidly turned into vermicompost. The vermicompost is far superior to conventional 
compost. The worm castings in the vermicompost have nutrients that are highly utilizable by 
plants and the castings have a mucous coating which allows the nutrients to "time release". 
Vermicompost forms fine stable granular organic matter that assist in the aeration, released 
mucus that are hygroscopic absorbs water and prevents water logging and improves water 
holding capacity. Vermicompost added to the soil releases nutrient slowly and consistently 
and enables the plant to absorb these nutrients more readily. Soils enriched with 
vermicompost provide additional substances that are not found in the chemicals Earthworms 
play a major role in the formation of vermicompost. Vermicompost has higher 
microorganism content and the activities of microorganisms (Actinomycetes, Azotobacter, 
Nitrobacter, Nitrosomonas and Aspergillus) is responsible for enhanced plant productivity 
much more than would be possible from the mere conversion of mineral nutrients into more 
plant-available forms. Also, during this period, these is a reduction of Gram negative cocci 
bacteria and corresponding increase in Gram positive bacilli as time progresses towards the 
maturity of the vermicompost in all three compost samples. This would indicate a healthier 
finished product that is highly beneficial to plant growth. 

Keywords: Vermicomposting, Biodung compost, Microorganisms, plant growth, earthworms. 

Introduction 

All human habitations produce huge quantities of solid biodegradable waste that range from 
domestic to agricultural and industrial. Management of these wastes and their disposal is a 
major problem. Many countries, both developed and underdeveloped, opt for landfills and 
burning. These methods of waste disposal waste valuable resources which can otherwise 
be recycled. Wastes if not managed scientifically pose a sequel of environmental and health 
hazards. In Guyana, solid waste is a major problem especially in towns. Recycling these 
organic wastes as composts benefits the environment and financial returns from the sale of 
municipal composts can help offset the costs of collection and processing. Recycling the 
composts back on national parks, in local gardens, on farms, or for reforestation of disturbed 
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lands, can also make such entities more sustainable. Our agricultural lands also yield solid 
wastes in the form of weeded grass, paddy straws and so on. Also, huge amounts of 
vegetable wastes are left over from the markets throughout Guyana. These wastes can be 
collected and biocomposted. 

Vermitechnology is a method of converting all the biodegradable wastes into useful product 
i.e. vermicompost, through the action of earthworms. Vermicompost is a sustainable bio-
fertilizer regenerated from organic wastes using earthworm which contains 1.2 to 6.1 % more 
nitrogen, 1.8 to 2.0% more phosphate and 0.5 to 0.75% more potassium compared to farm 
yard manure. It also contains hormones like auxins and cytokinins, enzymes, vitamins and 
useful microorganisms like bacteria, actinomycetes, protozoans, fungi etc (Ansari and 
Ismail, 2001). This process of decomposition results in the production of vermicompost. 
Vermicompost, or castings, is worm manure. It is considered by many in farming arena to be 
the very good soil improver. The nutrient content of castings is dependent on the material 
fed to the worms-and worms are commonly fed materials with high nutrient content (Ismail, 
1997). It is the worm castings that provide these nutrients in a form that is readily available 
to plants. The biology of the worm's gut facilitates the growth of fungus and bacteria that are 
beneficial to plant growth. 

All organic material is composed of carbon and nitrogen. When combining various organic 
wastes in a composting operation, the ideal ratio of carbon to nitrogen is 30:1 for optimum 
growth of bacteria, which dominate the initial composting process. Raw materials high in 
carbon (such as grass) should be combined with raw materials high in nitrogen (such as 
manure) to obtain the appropriate 30:1 ratio for optimum composting conditions. For most 
composting, a ratio of between 20 and 30:1 is recommended - that is 20 to 30 parts carbon 
to one part nitrogen. When the ratio is between 20 and 30:1, composting proceeds most 
efficiently. When C content rises above 30, heat production drops and the rate of 
composting slows. When the ratio drops below 20:1, excess nitrogen is lost to the air as 
ammonia and there is a rise in pH level, which may be toxic to some micro- organisms. A 
blend of one part carbon-rich material and one part nitrogen-rich material is a general rule in 
composting. Compost should contain at least 5 percent or more oxygen for optimum aerobic 
composting. Good porosity is important for natural convection and diffusion of oxygen into 
the compost. Insufficient oxygen results in anaerobic conditions and the production of 
objectionable odors from chemicals such as hydrogen sulfide, methane, and organic acids 
(Dickerson, 1999). Compost should contain 40 to 60 percent moisture to support the growth 
of microorganisms involved in the composting process. Microbial activity is severely 
inhibited below this range. Moisture levels above 60 percent result in anaerobic conditions 
(Dickerson, 1999). 

Temperature is an important variable in composting. As temperatures rise and fall in the 
compost, different bacterial species will become more or less active. Psychrophilic bacteria, 
mesophilic bacteria and thermophilic bacteria each operate best within specific temperature 
ranges. The psychrophiles are the first to go to work. They can work in temperatures below 
0 °C (as low as -18 °C), but are most active around 13 °C. They are cooler temperature 
aerobic bacteria that oxidize carbon and generate some heat. Often they generate enough 
heat to make conditions tolerable for the next group of bacteria called mesophiles. Most 
decomposition work is done by mesophilic bacteria. These are the midrange bacteria that 
operate in temperatures between 15 °C and 40 °C, but thrive when temperatures are closest 
to 21 to 32 °C. Heat generated as a by-product of the mesophiles work will raise the 
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temperature in the pile even more, creating conditions suitable for thermophilic composting. 
The thermophiles do "hot" composting. They start to take over when temperatures reach 40 
to 45 °C and will continue to work in temperatures up to about 70 °C when their numbers 
start to decline. Thermophiles work quickly and don't live long, three to five days at most. 
Turning the pile will provide oxygen (O2) and allow the thermophilic bacteria to continue their 
activity. As temperatures drop and thermophiles die off, the compost moves into a more 
mature stage. Mesophiles and psychrophiles, which may have been working in a reduced 
capacity around the cooler edges of the decomposing organic material, will become more 
active. Actinomycetes take over during the final stages of decomposition, often producing 
antibiotics that inhibit bacterial growth. They are likely to work on tough organic material and 
give compost its pleasant, earthy smell. They are especially important in the formation of 
humus. They liberate carbon (C), nitrate (NO3") and ammonium (NH4+), making nutrients 
available to plants. They produce Actinomycetes are very important in the formation of 
humus. Actinomycetes may work near the surface or many feet below the ground. While 
decomposing animal and vegetable matter, actinomycetes liberate carbon, nitrogen, and 
ammonia, making mineral nutrients available for higher plants. Look for the white material 
on decaying matter in the compost pile. 

Like actinomycetes, fungi are present during the early and final stages of composting, when 
the organic material has been changed to a more digestible form. Of the major micro-
organisms, fungi function best under acidic conditions. Fungi are very important in the soil 
ecosystem. The decomposition of organic matter releases plant nutrients into the ecosystem 
for other organisms to use. Some fungi form mycorrhizae associations with plant roots -
plants provide the fungi with food (sugars and other root exudates) and the mycorrhizae 
provide the plants with enhanced availability of plant nutrients (P, Zn, Ca, Mg, Mn, Fe, and 
Cu). Fungal hyphae also play a role in the development of soil structure. 

The recommended water level is between 40 and 60 per cent but the ideal percentage will 
also depend on the organic material's structure. Straw and wood will need more moisture 
than leaves, while food wastes or lawn clippings may not need any added moisture. Water 
forms a film of moisture on the materials, allowing the bacteria to do their work. Simply, the 
compost should feel as moist as a wrung-out sponge. As temperatures rise in the compost, 
decomposition speeds up. As temperatures drop, composting slows down. Outside 
temperatures also play a role. Warmer outside temperatures in the summer months 
stimulate bacteria and speed up composting. Colder temperatures in the winter slow it 

Earthworms from the beginning have been recognized for contributing to soil fertility. 
Although so much has been said about the effects of these almost invaluable creatures to 
soil fertility and vitality for centuries not much has been done so far to harness to maximize 
the benefits (Ismail, 1997). Microorganisms are the main component responsible for the 
recycling of organic matter both in natural and artificial systems. Vermicompost has high 
micro-organism content and the activities of these micro-organisms is thought to be 
responsible for enhanced plant productivity much more than would be possible from the 
mere conversion of mineral nutrients into more plant-available forms (Simpson and Martin, 
2004). 

The present research work was carried out to with the following objectives: 
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• To recycle water hyacinth (Eichhornia crassipes), Bermuda grass (Cynodon dactylon) 
and vegetable wastes by vermitechnology. 

• To conduct microbial analyses (Nitrobacter; Nitrosomonas, Azobacter, 
Actinomycetes, Aspergillus, Total microbial count) of vermicompost samples. 

• To conduct bed experiments on pakchoi (Chinese cabbage - Brassica chinensis) by 
use of different vermicomposts produced from different sources. 

• To provide the knowledge and skills developed in this investigation to farmers 
throughout Guyana 

Materials and Methods 

The vermicomposting units were set up at the University of Guyana - Turkeyen campus 
compound next to the garden. The microbial analysis of the composted samples was carried 
out at the science laboratory at the University of Guyana - John's campus. 

Method Used in Setting Up Vermicomposting Units (Ismail, 2005) 

Three concrete holding tanks (1.5 m χ 1 m χ 1m each) were used as the set up units for 
vermicomposting. In each unit* (see details below), there was added a bottom layer of 
crushed stones (4 cm) followed by a layer of white sand (4 cm) followed layer of loamy soil 
(4 cm). These layers were then moistened but not completely soaked. A layer of grass was 
then placed over the foundation followed by cattle dung (see appendix for diagrams). This 
was repeated until the height reached 1 metre. In each container approximately 60 locally 
collected species of earthworm, Eisenia foetida, were be placed. These units were then 
sprinkled with water to keep the contents moist so that the earthworms would have a 
suitable habitat to live and multiply. Tanks were covered so as to prevent direct sunlight unto 
the compost. Watering was done every three to four days as needed to maintain the 
compost in a moist but not wet state. After every 10 days, samples of % kg were collected, 
air dried and labeled and put up in a safe place for microbial analyses. A total of 30 
samples were collected. (Also, there was a concurrent processing of biodung composting for 
30 days of the fresh grass). After about 60 days the composts were harvested from each 
unit and were used to grow pakchoi on site. 

The vermicomposting unit plan was carried out as follows (in triplicates): 

Unit 1 Bermuda grass with cattle dung. The 

Unit 2 Water hyacinth, grass and cattle dung. 

Unit 3 Water hyacinth and cattle dung. 

The compost samples were then quantitatively analyzed for the following microbial presence 
at different stages of the composting: 

1. Azotobacter 
2. Actinomycetes 
3. Aspergillus 
4. Total heterotrophic count 
5. Total fungal count 
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Pakchoi seeds were germinated on site (Turkeyen campus). After three weeks the seedlings 
were transplanted unto beds as indicated below: 

Beds Planted Composts 
Ti Soil (control) 
T2 Compost from Bermuda grass 
T3 Compost from Bermuda grass and water hyacinth 
T4 Compost from water hyacinth 

The growth dimensions of plants were recorded and analyzed comparatively from the 
different beds. 

Results and Discussion 

The bio-composting method is made up of two phases (breakdown and buildup phase). In 
the breakdown phase biodegradable wastes are decomposed into smaller particles. 
Proteins are broken down into amino acids and finally to ammonia, nitrates and free 
nitrogen. Similarly, urea, uric acids and other non-protein nitrogen-containing compounds 
are reduced to form different plant nutrients. In the build-up phase, there is the re-synthesis 
of simple compounds into complex humic substances. The organisms responsible for 
transformation to humus are aerobic and facultative aerobic, sporing and non-sporing and 
nitrogen fixing bacteria of the Azotobacter and Nitrosomonas group. Actinomycetes also 
play an important role. As the organic food supply is depleted, the compost begins to cool. 
Heat, water vapor, and carbon dioxide released during the composting process reduce the 
overall size of the compost pile or windrow by as much as 50 percent. During the curing 
process, various fungi and actinomycetes form. Actinomycetes form filaments like fungi but 
are much smaller, so they are classified as higher forms of bacteria. Both fungi and 
actinomycetes tend to feed on more resistant materials, such as cellulose and lignins, which 
are left over after the composting process. Actinomycetes also convert volatile organic acids 
into longer chained organic acid complexes (5-carbon ring humic acids), which make up 
humus. This tends to stabilize the nutrients in the compost. Curing is considered complete 
when the pile remains at or near ambient air temperatures and the respiration rate (rate of 
oxygen consumed) is less than 200 mg O2 per kg of compost per hour. The compost can 
then be screened for various agronomic and horticultural uses. 

Composted urban refuses were studied as organic fertilizers (Villar et al., 1993). Most of the 
total Ν was in organic forms; NH4 was more abundant than NO3, and calcium was the most 
abundant nutrient followed by K, Na, Mg and P. Most of the Ca and Na were in available 
forms; available Κ and Mg were lower and available Ρ very small. Although compost was 
unbalanced with regard to the main nutrients, it had potential agronomic value. Total C 
contents and C/N ratios in the three non-amended composts were in the range for stabilized 
composts; however, the NH4 content seemed to point to the presence of non-stabilized 
substances (Villar et al., 1993). 

A higher plant growth was observed in the presence of worms (Edwards and Bates, 1992). 
Birch seedlings planted in soil with earthworms had 33% and 24% more leaf and stem 
biomass respectively than in those grown in pots without earthworms. Root biomass was 
slightly lower in the earthworms than in the bare soil treatment and Ν content of leaves was 
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twice higher in the treatment with earthworms. This was only partially explained by 
earthworm mortality. Nitrogen uptake increases in the presence of earthworms and is 
correlated (r = 0.85) with the increase in CO2 production (Ruz - Jerez, 1992). An increase 
in soil productivity, which cannot be explained by mineral nutrients alone, is often recorded 
when composted organic wastes are supplied to croplands. This is the so-called "organic 
matter effect" suggests that mechanisms other than simple nutrient supply can contribute to 
plant growth (Galli et al., 1992). Martin and coworkers (1992) showed that when fresh 
material is compared to incubated material, worms prefer fresh organic matter as in 
undecomposed plant debris or debris incubated for two weeks. Although high amounts of 
low molecular weight proteins encourage microbial growth and consequently mineralization 
there's a possibility that earthworms have lower requirements than microbes in processing C 
and Ν (proteins included) since material that goes through the earthworm gut show a higher 
mineralization rate than in the case where it's just incorporated in the soil (where 
decomposition occurs through microbes); Devliegher and Verstraete (1996) studied the 
effects of nutrient enrichment processes (i.e. allowing the passage of organic residues from 
the surface of the soil to below the surface) and those of gut associated process (i.e. 
enzymatic activities in the earthworm gut that increase the nutrient content of the ingested 
residues). They concluded that if the weight-increase of the worms is accounted for, the 
nutrient content of ingested organic material largely makes up for the nutrient content of the 
same material when simply incorporated in the soil. Therefore we might assume that 
earthworms have less restriction than microbes on protein quality and carbon to protein ratio 
as related to decomposition of organic matter. The most widely used and accepted 
technique in soil microbiology for enumerating soil microorganisms is the dilution plate count 
technique. The technique is based on the principle that complete detachment and dispersion 
of cells from the soil will give rise to discrete colonies when incubated on a Petri plate 
containing nutrient media. The assumptions that underlie this technique are: 1) complete 
dispersion of sample; 2) suitable growth media for the organisms and 3) no interaction 
between organisms on the media. 

It was shown that attacks by some soil-borne plant diseases were suppressed significantly 
by the vermicomposts. One explanation for this suppression of pathogens is some aspect of 
microbial antagonism. Another reason of pathogen suppression is mediated by competition 
based on a much wider diversity of microorganisms. Vermicomposts usually support a much 
greater variety and size of microbial communities than thermophilic composts, hence they 
probably have a much greater potential for general pathogen suppression based on 
microbial competition. It cab be concluded that growth parameters for chemical grown crops 
and organically grown crops are comparable. Chemical fertilizers, especially nitrogen based, 
shown spectacular growth and productivity in the field but this is short lived. The high level 
of these chemical added to the soil are not usually absorbed completely by the plants. The 
balance cannot remain in the soil for the next season. They are either leached or formed 
complexes with high levels of metal ions to form undesirable complexes (Kale, 1998). 
Constant use of chemical fertilizer increases leaching because of depletion of organic 
carbon (Stoffella and Kahn, 2001). 

Conclusion 

Composting of grass, water hyacinth and a combination of grass with water hyacinth were 
successful. Final compost yields were at least 30%. This represents a huge decrease in 
compost volume. Therefore, vermiculture is a very efficient method to reduce biodegradable 
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solid waste. The physiochemical and biological properties of the composts were responsible 
to enhance growth and yield of Brassica chinensis. This was confirmed from final soil 
analysis. There are two major reasons why vermicomposting is better. Waste is converted 
faster. Conventional composting takes weeks to months to convert your organic matter to 
compost and is very labor intensive. By using earthworms, waste is rapidly turned into 
vermicompost. The vermicompost is far superior to conventional compost. The worm 
castings in the vermicompost have nutrients that are highly utilizable by plants and the 
castings have a mucous coating which allows the nutrients to "time release". Vermicompost 
forms fine stable granular organic matter that assist in the aeration, released mucus that are 
hygroscopic absorbs water and prevents water logging and improves water holding 
capacity. Vermicompost added to the soil releases nutrient slowly and consistently and 
enables the plant to absorb these nutrients more readily. Soils enriched with vermicompost 
provide additional substances that are not found in the chemicals (Ansari and Isamil, 2001; 
Kale, 1998). 
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ORGANIC SWEET PEPPER YIELD AS AFFECTED BY A COMMERCIAL ORGANIC 
FERTILIZER AND SUNN HEMP AS A COVER CROP IN PUERTO RICO 

A. Negrete1, E. Valencia1* B. Brunner1, S. Whitmire2 and S. Weiss1. 1 University of 
Puerto Rico, Mayaguez, Puerto Rico, 2University of the Virgin Islands, Virgin Islands, 
USVI 

ABSTRACT: Sunn hemp (Crotalaria juncea) is a legume cover crop that produces large 
amounts of biomass which, combined with its relatively high nitrogen (N) concentration 
and N-fixing ability, can potentially offset Ν fertilizer needs by providing nitrogen to the 
subsequent crops. These qualities are especially important when organic growers buy 
commercial organic fertilizers to achieve higher yields, and it is more critical in an island 
like Puerto Rico, where all imports must be shipped in, adding to the cost. This study 
was conducted at the Agricultural Experimental Station of Lajas, University of Puerto 
Rico for two growing seasons, the first one starting in December 2011 (Experiment 1) 
and the second in April 2012 (Experiment 2). The objective of this study was to 
determine organic's sweet pepper (Capsicum chinense) fruit yield as affected by a 
commercial organic fertilizer (BioFlora Dry Crumbles™ 6-6-5) and cv. Tropic Sunn as a 
cover crop. Cover crop and Ν interactions in 2x4 factorial arrangement of treatments 
was used. Cover crop (CC) and (0-CC) were the two levels of one factor, and 0, 56, 
112, and 168 were the four levels of the second factor, which indicated the kilograms of 
Ν per hectare (ha) supplied by BioFlora. There was no significant effect of CC, even 
though the Ν incorporated was 52.8 kg ha"1 and 63.1 kg ha"1, in Experiment 1 and 2, 
respectively. Furthermore, study 1 indicated a trend towards reduced yields when the 
cover crop was used (could be attributed to sunn hemp's allelopathic properties). 
Bioflora rate did have a significant effect on sweet pepper yields, being the 112 and 168 
kg Ν ha"1 rates, resulting in the highest marketable yields (close to 8.5 and 10 t/ha, 
respectively). In Experiment 2, the 168 kg Ν ha"1 rate resulted in highest marketable 
yield (>25 t/ha). Differences in Ν fertilizer needs between both experiments could be 
attributed to different factors such as weather conditions (temperature and precipitation) 
and pest incidence. Overall, this study identified a potential drawback in the use of 
sunn hemp as a cover crop in organic sweet pepper production in Puerto Rico, however 
further research is required to assess the causes for this negative trend. 

Keywords: Sweet Pepper, Yield, Commercial Organic Fertilizer, Sunn Hemp, Cover 
Crop. 
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THE EFFECT OF ORGANIC MULCHES ON THE GROWTH AND YIELD OF "WEST 
INDIES RED" HOT PEPPER (CAPSICUM SPP.) 

S. Skeete. Ministry of Agriculture, Graeme hall, Christ Church, Barbados 

ABSTRACT: Organic mulches are available locally in bulk quantities and at reasonable 
prices. Such mulches represent an environmentally friendly alternative for weed control 
and tend to enhance soil conditions. Three organic mulches were applied to plots of 
West Indies red hot pepper (Capsicum spp.). Wood chips, green waste and coconut 
fibre were spread in a 7.5 cm thick layer on the surface before planting. A treatment 
without any mulch was used as control. Treatments were replicated in 4 blocks. Growth 
was assessed, primarily, by measuring plant height weekly. Harvesting was done 
continually up to six months after planting. The best total yield was obtained from plants 
mulched with green waste [6.90 Kg/plot] but this was not significantly different from the 
control. The wood chip mulch significantly reduced the growth and yield (4.25 Kg/plot, F 
pr=.02) as compared to in the control (6.44 Kg/plot). 

Keywords: organic mulches, hot pepper, yield, growth. 

Introduction 

Weed control in the wet season can be extremely demanding on farm labour and, 
indeed, many small farmers opt not to try to farm in the wet season. It is a common 
observation to see lands in fallow on small farms in the wet season. It has been 
recognized, from previous analysis of the local pepper production systems, that there 
are constraints in labour use (Skeete, 2004) on local small farms. Discussions with 
some farmers suggest that reliable labour is difficult to secure and there is a problem of 
low efficiency. Low efficiency further increases the cost of an input which is already 
comparatively expensive. 

Organic mulches are attractive alternatives for weed control not only in terms of the 
natural porosity and the beneficial effects on soil conditions, but also in terms of their 
environmental-enhancing properties. The recent operation of a recycling plant for 
organic waste materials is making these materials available in bulk quantities. 

Synthetic mulches can create problems in the wet season for some crops since they are 
often not porous enough and build-up of moisture in soil becomes detrimental to crop 
growth. 

The benefits of mulches for yield improvement in sub-optimal environments have been 
shown in work done Barbados. There was an increase in tomato fruit weight and size 
when using dry grass mulch (Smith, 1973). 
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Little is known on how the use of these materials as mulches affects the growth and 
yield of crops. The trial was therefore done to understand what effect the materials 
would have on the growth and yield performance of hot pepper. 

Materials and Methods 

The trial was established at Central Agronomic Research Station in July 2010. Graeme 
Hall falls in a low rainfall zone with an average of less than 1,143 mm annually. The soil 
belongs to the black associate grouping (Vernon &Carroll, 1996). A field of "West Indies 
red" pepper plants was grown following the recommendations of the Ministry of 
Agriculture. The trial was planted on standard 1.7 m (5'6") beds. Each plot had a single 
row of 10 plants at an intra-row spacing of 30 cm. Drip Irrigation was applied. The 
design was a randomised block with four treatments in four blocks including the control. 

Three organic mulches were applied to the treatment plots. Wood chips, green waste 
and coconut fibre were spread in a 7.5 cm thick layer (about three chicken feed bags 
per plot) on the surface a week before planting. Because of the way they are processed, 
both green waste and coconut fibre contain a substantial amount of wood chips. A 
treatment without any mulch was used as control. 

Early growth was assessed by measuring plant height and by counting the mature 
flowers per plant and the number of plants with mature flowers at six weeks. Yield was 
assessed from five harvests. One harvest was done on September 26th. After this initial 
bearing there was a period stretching until December, when frequent and unusually 
heavy rains and eventually a storm in November, suspended the plants in a non-bearing 
state. During this time bacterial spot and the impact of the storm, seriously hampered 
fruit-set. During this time a combination of fungicides were used to treat the disease. 
Plants recovered well and began normal growth in December. 

Harvesting continued from early January, 2011. Five harvests were done. The total 
plot yield was compiled from each treatment plot. Fruit counts were done at each 
harvest. The weights were compiled and analysed using Genstat 5.3. software. The 
data were analysed on a single harvest basis as well as a total. After five harvests the 
trial was discontinued. 

Soil sampling was done in September and in May and subjected to full chemical 
analysis at a laboratory in Florida. 

Results and Discussion 

Early Growth 

In general early vegetative and reproductive growth were reduced in plots under mulch 
compared to the control. For hot pepper, the time taken for the plant to produce the first 
mature flower and the number of flowers produced in the earliest nodes are very good 
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indicators of the how well the plant has grown vegetatively in the early weeks after 
planting. 

Wood chip mulch had the most negative effect on early growth. Plants growing under 
wood chips were slower to mature as seen from the number of plants/plot with mature 
flowers at 6 weeks (32.5%, F.pr=.061). Green waste at this early stage also 
significantly reduced the development of the plants (42.5% with flowers). Coconut fibre 
also had fewer plants with mature flowers (67.5%) at the time, but this was not 
statistically significant different from the control plot (85% with flowers) [see Table 1], 

The green waste had a large proportion of wood chips added (to facilitate grinding) and 
this may explain why the green waste mulch initially created a plant response similar to 
that of the woodchips. Later the green waste had a more beneficial effect on yield. 

A very similar trend was seen in the number of flowers per plant (Table 1). None of the 
plants under mulch had as many flowers per plant as in the control plot. The plants 
grown with wood chip mulch had significantly less flowers (3.6; FPr=.03) than the 
control (19.5). Those plants with green waste had 7.7 flowers and those with coconut 
fibre had 10.8 flowers. 

Plants grown with wood chips and, to a lesser extent, with the green waste, had a 
chlorotic appearance in the early vegetative growth phase. All plants were shorter than 
in the control at eight weeks. Plants in plots under woodchip mulch were shortest (23.3 
cm; F.pr=.008) as compared to the control at 36.5 cm. Plants grown with coconut fibre 
had a height of 27.1 cm at this stage. 

The plants under green waste were shorter (32.1 cm) than the control, but the 
difference was not statistically significant. The green waste mulch seemed at this stage 
to be beginning to have a more beneficial impact on the plants compared to its earlier 
negative effects. 

The negative impact on growth requires further investigation. However, it was noticed in 
the soil analysis that all of the mulches had a decreasing effect on the level of 
sulphur(S). Sulphate deficiency causes chlorosis and has an impact on protein 
synthesis [limits plant growth] (Marschner, 1986). It is known that the level of nitrogen 
(N) can influence the mineralisation of sulphate ions in soil, and that the dynamics are 
affected by the (C/N/S) nature of organic materials such as the mulches in this trial 
(Shahsavani, 2009). 

There could possibly be other chemical factors in the mulches (wood chips and coconut 
fibre) that impacted on the early growth when freshly applied. 

Yield 

None of the mulched plots produced as many berries as the control plot (870). Of the 
three mulches, plants growing with green waste produced the largest number of berries 
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per plot (855). The plots growing with wood chip mulch produced a significantly less 
number of berries (504) than the control and green waste plots ([F Pr= .039] see Table 
2). The differences for coconut fibre and green waste relative to the control were not 
statistically significant. 

The total weight of berries was largest for the plots under green waste (6.9 Kg) [see 
Table 2], The difference in yield for that plot versus the control (6.44 Kg) and the 
coconut fibre (5.46 Kg) was not statistically significant. The plots growing with wood 
chips yielded significantly less berries (4.25 Kg [F.Pr=02]) than the green waste and the 
control. 

Given that the green waste plot produced less berries, but had a larger total weight per 
plot, it implies that the average weight of fruit was larger for this treatment. The 
difference would be an average weight of 8.07 g vs. 7.40 g. This suggests that the 
mulch improved the average size of the berries. 

In trying to understand the possible mechanisms by which the green waste impacted 
positively on yield, it was noticed that the mulch improved the soil fertility status. There 
were significant increases in levels of phosphate, manganese and zinc (see Table 3). 
There was also a notable increase in soluble solids under green waste. 

Phosphates in particular are known to be unavailable in the soils of Barbados (Vernon & 
Carroll, 1996). So this effect would make the green waste mulch very useful, given the 
4x increase in phosphate 

Effect on weed growth 

Although the trial did not aim to measure the effectiveness of the mulches in controlling 
weeds, it is worth noting, that all mulches were effective in this respect. There was very 
little weed growth in the mulched plots for the lifespan of the trial, whereas it was 
necessary to weed the control plots on a monthly basis. 

Table 1. The number of plants with mature flowers per plot, flowers per plant and 
heights of hot pepper plants grown with organic mulches 
Mulch type Number of Plants/ plot Number of Height at 9 weeks 

with mature flowers Flowers/plant after planting 
at 6 weeks at 6 weeks (cm) 

Wood chips 3.3 3.6 23.3 
Coconut fibre 6.8 10.8 27.1 
Green waste 4.3 7.7 32.1 
Control 8.5 19.5 36.5 

F. Pr .061 .03 .008 
SED (9 df) 1.79 4.38 2.97 
LSD 4.04 9.9 6.71 
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Table 2. The total number and total weight of berries harvested per plot of hot 
pepper plants grown with organic mulches. 
Mulch type Total number Total weight of 

of berries harvested 
harvested berries 

Wood chips 504 4.25 
Coconut fibre 702 5.46 
Green waste 855 6.90 
Control 870 6.44 

F. Pr .039 .02 
SED (9 df) 116 .71 
LSD 263 1.61 

Table 3. Comparison of key nutrients, CEC and soluble solids in soil samples 
taken from plots of hot pepper plants grown with organic mulches (three months 
after planting). 

Mulch type 

C E C Soluble 
solids Ρ Ν S Μη Zinc 

Wood chips 57.3 295 3.75 3.25 15.5 2.8 1.12 
Coconut fibre 61.8 287 1.75 2.75 14.7 3.2 1.37 
Green waste 55.9 342 9.25 2.25 19 5.7 1.3 
Control 55.7 312 2.25 2.25 22.2 2.9 .85 

F. Pr .026 .014 .01 .03 .006 .093 .03 
SED (9 df) 
LSD 4.04 31 4.2 3.8 2.6 .22 

Conclusions 

Green waste has the potential to improve hot pepper yield performance possibly by 
enhancing the nutrient status of the soil (phosphorus, manganese and zinc). 

Green waste and coconut fibre applied on surface at a thickness of 7.5 cm are viable as 
a means of controlling weeds without significant impact on crop yield. 

There is a need for further study on the negative impact on growth and yield in the initial 
stages. The decrease in the sulphate content is worth further examination. 

There seems a need to allow these materials to decompose for 2-3 months before 
applying to some crops and possibly to boost them with strategic nutrients. 
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It may be necessary to add additional nitrogen and sulphur to maintain sulphate 
equilibrium after mulching. The dynamics of adding (N) are complex and require further 
study. 
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THE RESPONSE OF FOUR VARIETIES TO NITROGEN FERTILIZER 

L. Chester. Faculty of Agriculture and Forestry, University of Guyana, Guyana 

ABSTRACT: Rice (Oryza sativa L.) in Guyana had a nitrogen recommendation of 75 Kg 
Ν ha"1 and new varieties with higher yield potentials were being bred. It therefore 
became necessary that studies be done to evaluate their responses to higher levels of 
nitrogen. Over four consecutive growing seasons, trials were conducted to evaluate the 
response of rice varieties G98 - 22-4, G98 - 30-3, G98 - 135 and G98 -196 to five 
levels of nitrogen, ranging from 0 to 200 Kg ha"1 at increments of 50 kg. Trials were 
conducted on soils of the family of Umbric ochraqualfs. The experiments were 
established as Complete Randomized Block Design in a factorial arrangement of 
treatments. Seeding rate was 120 kg ha"1 with basal applications of Phosphorous and 
Potassium at the rates of 30 Kg P2O5 and 60 Kg K2O ha"1 respectively. The major 
objective of these trials was to establish recommendation for nitrogen application on the 
four varieties. Agronomic data were analysed using Statistix 9. Over all the seasons, 
plant height, filled grains/panicle and grain yield increased as nitrogen levels were 
increased up to 150 kg Ν ha"1. Yields were generally low in the third season, while 
productive tillers m"2and 1000 grain weight were not statistically different for any of the 
seasons (P>0.05). There was no significant interaction among varieties and nitrogen 
levels. Yields ranged from 3.0 to 6.2 t ha"1, 4.8 to 6.2 t ha"1, 3.7 to 5.6 t ha"1 and 2.9 to 
5.6 t ha"1 over the four seasons respectively. It may be concluded that all the varieties 
responded similarly to added nitrogen because they were all of similar genotype, back 
crosses with Rustic. 

Keywords: Rice, Fertilizer, Nitrogen. 
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TRANSITION FROM SOIL TO SOILLESS CULTURE UNDER LOW COST 
PROTECTED STRUCTURES IN TRINIDAD AND TOBAGO: PROCESSES, 
CHALLENGES AND OPPORTUNITIES 

L. Lee1, S. Tu bene1, H. Diquez2, and M. Lewis2. 1 University of Maryland Eastern Shore, 
Maryland, United States of America, 2Repsol E&P T&T Limited, Trinidad and Tobago 

ABSTRACT: Soils harbor numerous soil inhabiting micro- and macro-organisms, which 
may have beneficial or pathogenic effects on plant growth and development. 
Nematodes, known as plant parasites, infect plant roots causing the roots to produce 
galls and become deformed. This ultimately affects crop yield and results in severe 
economic losses for farmers. The use of a soilless culture production system under 
protected agriculture is viewed as a sustainable strategy to manage the spread of 
soilborne diseases while also eliminating the use of toxic soil fumigants. Farmers of the 
Mayaro Greenhouse Growers Association in Trinidad and Tobago, Wl have been 
plagued by this soilborne pathogen. However, through the intervention of Repsol E&P 
T&T Ltd., which provides funding, educational training, technical assistance, and 
consultation to these farmers, they have been able to manage the pest in an 
environmentally sustainable manner. Simple low cost protected structures were 
retrofitted with growing troughs and lined with three layers of protection in order to 
isolate the underlying soil from the growing root environment. Hybrid sweet pepper 
seedlings were transplanted into three gallon poly white perforated bags and filled with 
a mixture of coconut coir and perlite at the ratio of 3:1, respectively. Plants were 
fertigated daily with a complete nutrient solution adjusted at each phenological stage of 
growth. Results showed an increase in yield and quality of the fruits, and a reduction in 
soilborne pathogens. Notwithstanding the benefits to be derived from the introduction of 
soilless culture, the technology is not without challenges. These challenges include the 
high cost of the imported media, lack of technical expertise, inadequate extension 
services, and research tailored to the local environment. The production of adequate 
quantities of affordable food in marginalized communities on relatively small cultivated 
areas can provide food for a large population, and may potentially help to stimulate 
development. 

Keywords: Soil, Soilless, Low Cost, Protected Structures, Processes, Challenges, 
Opportunities. 

460 



Proceedings of the Caribbean Food Crops Society. 49:435-440. 2013 

EVALUATING THE PROPERTIES OF MORINGA OLEIFERA LEAF EXTRACT AS AN 
ORGANIC FERTILIZER SUPPLEMENT ON PAK CHOI SEEDLINGS 

J.M. Gopaul, P. Bridgemohan, and E. John. Biosciences, Agriculture and Food 
Technologies Unit, University of Trinidad and Tobago, Trinidad and Tobago 

ABSTRACT: Inorganic fertilizers have negative impacts on the environment particularly 
ground water contamination. Biostimulants are natural enhancers of plant growth and 
development, and can supplement fertilizer use by increasing nutrient availability in the 
soil for plant use. Moringa oleifera leaf extract, is a biostimulant, that can accelerate the 
growth of plants, improves resistance to pests and diseases, and increase number of 
roots, stems, leaves and crop yield. The purpose of this study was to assess the 
application of Moringa oleifera leaf extract (MLE) to stimulate plant growth in white pak 
choi seedlings. Foliar applications of aqueous extract of the leaves at varying 
concentrations of 20%, 40%, and 60% and a commercial biostimulant (Sugar Mover) at 
the rate of 2.5 ml/s for 3 seconds, were conducted at 5 day intervals from the first day of 
transplanting for a period of 5 weeks. The plants were treated with a compound fertilizer 
[Nu-trex] at the rate of 2.5 ml/s for 3 seconds at 5 day intervals from the 3rd day after 
transplanting (DAT). Both physical and chemical data was collected and analyzed. The 
results indicated that the MLE at concentration of 40% and the commercial biostimulant 
(Sugar Mover) had the higher growth and yield characteristics in leaf number (7 leaves 
each), plant height (7.38cm and 7.35 cm), plant width (11.38cm and 12.58cm), biomass 
(0.2423 Xg.pl and 0.3487 Xg.pl), respectively, by 10DAT. The MLE at concentration 
20% had the least growth and yield characteristics in leaf number (5 leaves), plant 
height (6.85cm), plant width (9.63), biomass (0.149 Xg.pl) by 10DAT, proving to be the 
least favored treatment for the plants. 

Keywords: Moringa, Leaf Extract, Pak Choi, Fertilizer, Biostimulants. 
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INNOVATING MANURE: "MORINGURE™" RESEARCH AND DEVELOPMENT 
AN EVALUATION OF THE EFFECTS OF MORINGURE AQUEOUS EXTRACT ON 
PAK-CHOI YIELD 

R. Lewis. Biosciences, Agriculture and Food Technologies Unit, University of Trinidad 
and Tobago, Trinidad and Tobago 

ABSTRACT: Globally, there have been recent moves to reinstitute the use of organic 
fertilizers in crop production to combat the fluctuations in price and adverse health and 
environmental impacts associated with the use of synthetic fertilizers. This study 
evaluated the effects of Moringure™ leachate (aqueous extract derived from a mixture 
of horse manure and Moringa oleifera leaves) as a potential replacement to synthetic 
fertilizer or as a supplementary product in the production of Pak-choi (Brassica rapa 
subsp. Chinensis). Three (3) treatments at a rate of 125ml plant"1 were applied weekly 
for four (4) weeks to the root zone and foliage of the plants. The treatments consisted 
of: Moringure leachate (MOL), Nutrex 20:20:20 synthetic fertilizer (NSF) and a 50:50 
mixture of the two solutions (MNF). The experimental control was no fertilizer 
application. Pak-choi yield was evaluated in terms of number of leaves, shoot and root 
length and fresh and dry weight of the plants. Analysis of the results indicated that 
periodic changes in the yield parameters as affected by the different treatments were 
not significant (p = 0.337666). Furthermore, none of the treatments that contained MOL 
exhibited harm to the plants. Moringure leachate thus has the potential to be marketed 
and incorporated in Pak-choi production fertilizer regimes. 

Keywords: Moringa oleifera, Organic Fertilizer. 
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MICROBIAL COMMUNITIES IN COMPOSTS REVEALED BY DEEP SEQUENCING 

V. De Gannes1, G. Eudoxie1, and W.J. Hickey2. 1 Department of Food Production, 
University of the West Indies, Trinidad and Tobago, Department of Soil Science, 
University of Wisconsin, Unites States of America 

ABSTRACT: Microbial communities play fundamental roles in the composting process. 
But to date, limited information exists concerning bacterial and fungal diversity in 
composts. Bacterial and fungal communities from mesophilic-, thermophilic- and mature 
phases of three composts of agricultural lignocellulosic wastes were assessed via deep 
sequencing. A total of 191 bacterial genera were generated from 50,438 bacterial 
sequences and 102 fungal genera were generated from 27,987 fungal sequences. Rank 
abundance plots revealed that species richness for both communities expanded from 
mesophilic-phase to the mature-phase (end). Also, species richness for bacterial and 
fungal communities of the rice and coffee compost at thermophilly was disparate 
whereby species richness for rice was higher than that for coffee. For fungi, the three 
most abundant sequences matched to the species Chaetomium funicola, Fusarium 
oxysporum and Scytalidium thermophilum (26%, 12%, and 9% respectively) and for 
bacteria, the three most abundant sequences matched to the genera Pseudomonas 
(2.1%), Pseudoxanthomonas (1.3%) and Acinetobacter (1.2%) all belonging to the 
phylum Proteobacteria. Each of the composts displayed a unique community dynamic 
whereby, from the two composts that attained thermophilly, rice revealed the least 
microbial expansion, overall bagasse the most. Deep sequencing also unravelled fifteen 
human pathogens, the most ever reported for a compost study. This study illustrated 
that deep sequencing effectively elucidated microbial communities in composts. 

Keywords: Microbe, Compost, Deep Sequencing. 
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NITROGEN RATE EFFECTS ON MORPHOLOGICAL CHARACTERISTICS AND 
YIELD OF PENNISETUM SP. 

D. Del Rio Gonzâlez, Ε. Valencia, and J. Fuentes. Dept. of Animal Industry and Crops 
and Agro-environmental Sciences, University of Puerto Rico, Mayaguez, Puerto Rico 

ABSTRACT: In Puerto Rico, stocking rate in the dairy industry is high (0.5 cows/acre). 
Grazed pastures for milk cows are non-existent forcing the industry to rely on 
concentrate feed, raising drastically the cost of fresh milk. There is limited information 
on establishment and fertilizer effect on yield of recently introduced Mara-alfalfa 
(Pennisetum sp.). An experiment was conducted at the Agricultural Experiment Station, 
Isabela on an Oxisol (Cotito series) to assess four Ν rate (0, 56, 112 and 168 kg/ha; 
ammonium sulfate) effects on the establishment (plant height and shoot numbers), 
biomass (fresh weight) and nutritive value of Mara-alfalfa. Twenty-eight days after 
phytomers were planted, Ν rates were broadcast applied and plant height (cm) and 
shoot numbers were measured on a permanently marked 2-m linear area weekly for 3-
mo. There was a quadratic effect on plant height (P<0.05). At harvesting, plant height 
averaged 1.8, 2.0, 2.0 and 1.93-m for the 0, 56, 112, and 168 Ν rates, respectively. 
There was 100 % increase on shoot numbers at the 56 Ν rate (55 shoots/plant) 
compared to the control (29 shoots/plant), but only a 15 % increase on the higher Ν 
rates. There were no effects of Ν rate on biomass, averaging 19.0 Mg/ha at 90-days 
after planting. This high biomass yield of Mara-alfalfa offers an alternative for green 
chop feeding to reduce cost of milk production, and also improve lactating cows health 
in Puerto Rico. 

Keywords: Nitrogen, Morphological, Yield. 
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PLASMID CONTENT AND PREVALENCE AMONG STRAINS OF ENTEROCOCCUS 
SPP. ISOLATED FROM IRRIGATION WATERS IN PUERTO RICO 

K. Maldonado-Vélez, M. Diaz-Camacho, P. Masso, N. Rodriguez-Bonano, and W. 
Colôn-Guasp. School of Science and Technology, Universidad del Este, Carolina, 
Puerto Rico 

ABSTRACT: Enterococci isolated from irrigation waters (wells) in the south coast of 
Puerto Rico were characterized to determine their extrachromosomal DNA content. The 
species diversity was dominated by E. casseliflavus, E. faecalis, E. faecium, E. avium, 
E. gallinarum, E. durans and E. solitarius. E. faecalis, and E. faecium and exhibited the 
highest resistant phenotype and genotype. Among strains of E. faecalis and E. faecium, 
we observed resistance to tetracycline and ampicillin (MIC > 16 Mg/ml for both 
antibiotics). This high level resistance to both tetracycline and ampicillin may indicate 
that R-plasmids may be responsible for the trait. DNA extractions were performed to 
determine the DNA content in the E. faecalis and E. faecium isolates. Our results 
showed the presence of plasmids and in some cases multiple plasmids contained in a 
single isolate. Plasmids ranged from 5 kb to >50kb in size. Many of the smaller plasmids 
are stable and of high copy number, meaning that they can be isolated from culture 
after prolonged maintenance. Our data suggest that the high stability and frequency of 
plasmids provide some useful information about gene flux and adaptation of 
Enterococcus spp. contaminating the water supply in the farm lands in the south coast 
of Puerto Rico. This project was supported by the grant USDA-NIFA-2008-38422-
19236. 

Keywords: Plasmid, Irrigation, Water. 
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PRELIMINARY EVALUATION OF AN AGRICULTURAL PAPER MULCH 

W.J. Lester IV and C.A. Chase. Horticultural Sciences Department, University of 
Florida, United States of America 

ABSTRACT: An agricultural paper mulch under development for use in vegetable 
production was compared with a standard, black polyethylene mulch and BioTelo 
starch-based, degradable mulch in north-central Florida in spring 2012. The mulches 
were assessed using a randomized complete block experimental design with four 
replications. Weedy and hand-weeded, weed-free control treatments were also 
included. Mulch durability, weed suppression, and yields of zucchini and butternut 
squash were evaluated. By seven weeks after mulch installation only the paper mulch 
showed significant degradation. All mulches suppressed weed density; however, 
polyethylene and BioTelo mulches resulted in significantly fewer weeds than the paper 
mulch. Early marketable yield of zucchini squash was significantly lower with the paper 
mulch than with the weed-free control, although there was no significant treatment effect 
on total marketable yield. There was also evidence of a delay in the development of the 
butternut squash with the paper mulch, although total weight and marketable fruit weight 
did not differ significantly among mulches. 

Keywords: Paper Mulch, Vegetable Production. 
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EFFECT OF PREEMERGENCE HERBICIDES ON QUALITY AND YIELD OF 
TRANSPLANTED WATERMELON (CITRULLUS LANATUS) 

V. Napoleon-Fanis1 and D. Nandwani2. 1 Graduate Student, Department of Biology, 
University of Nebraska Kearney, NE. 2Plant Science Lab, Agricultural Experiment Station, 
University of the Virgin Islands, USVI 

ABSTRACT: Field studies were conducted twice at two sites in St. Croix, United States 
Virgin Islands, to determine the effectiveness of preemergence applications of bensulide 
and halosulfuron in transplanted watermelon. Bensulide and halosulfuron were both 
applied separately. Although bensulide caused up to 5% seedling stunting and 
halosulfuron caused up to 10% seedling stunting and discoloration, watermelon plants 
were fully recovered by week 8 after planting. Yields of all treatments were similar to 
that of untreated plots. Control of grasses like goosegrass and of broadleaf weeds like 
amaranthus was not found in treated plots. Weed species, weed densities and the 
percentage of weed control found in bensulide and halosulfuron treated plots were 
similar to non-treated plots. Watermelon fruits in both treated and non-treated plots had 
a degree of brix of 8.5, which indicates poor quality fruits. 

Nomenclature: Bensulide; goosegrass, Eleusine indica (L.) Gaertn. # ELEIN; 
halosulfuron; nutsedge, Cyperus rotundus (L.) Gaertn. # ELEIN; spiny amaranth, 
Amaranthus spinosus (L.) Gaertn. # ELEIN; watermelon, Citrullus lanatus L. 'Jubilee' 

Keywords: Weed control, crop injury, quality, yield. 

Abbreviations: ° Bx, degree of brix; PRE, preemergence; WAT, weeks after treatment. 

Introduction 

Vegetables are important commercial crops for producers within the United States 
Virgin Islands, and are grown mainly for the fresh vegetable market. One of the many 
difficulties involved in the successful production of vegetable crops is that of controlling 
weeds that invade vegetable cropland (Liu et al., 1987). The management of weeds in 
transplanted watermelon is difficult due to the potential damage by mechanical 
cultivation (Norton et al., 1990). The presence of weeds leads to a decrease in 
vegetable production, an increase in the costs of controlling weeds, and poses difficulty 
during harvest and reduces quality and yield (Brandenberger et al., 2005). Pigweed 
species (Amaranthus spp.) were found to be the most prevalent weeds for cucurbit 
crops in eight of the southeastern states of the United States (Webster, 2002). Monks 
and Schultheis (1998) found that the growth of crabgrass species (Digitaria spp.) with 
transplanted watermelon reduced the marketable fruit yield by approximately 1000 
watermelons per ha and such decreases in yields caused a loss of $1000 to $1500 per 
ha. Goosegrass (Eleusine indica L.) is a competitive weed species in both the United 
States and other production areas in the world (Flower, 2001). The interference of 
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goosegrass led to a reduction in the weight of sweet potato (Ipomoea batatas) 
transplants by 16% (Monks et al., 1996). 

The interest in transplanted watermelon has increased in the United States Virgin 
Islands. Similar interest in growing watermelon from transplants has also increased in 
the state of North Carolina (Mitchem et al., 1997). Transplanting is the preferred choice 
over direct seeding due to more uniform plant spacing, earlier harvest and the more 
efficient use of seeds (Mitchem et al., 1997). The control of weed species by the use of 
pre-emergence herbicides has been established and documented (Culpepper et al., 
2001). However, there has not been much documented work on the use of halosulfuron 
and bensulide in transplanted watermelon although both herbicides are registered for 
use as both PRE and POST in cucurbits (Mitchem, 1997; Vencil, 2002; Brandenberger 
et al., 2005). Bensulide can be incorporated into the soil before transplanting or it can 
be applied to the soil surface after transplanting and then watered in through 
irrigation. Bensulide primarily controls eleven weeds, which include grasses, and 
broadleaf weeds (Grey, 2000). Cucurbits like muskmelon (Cucumis meto L. Reticulatus 
group) and cucumber (Cucumis savitus) have shown tolerance to halosulfuron, which 
has shown both PRE and post- emergence activity on several weed species (Talbert et 
al., 1998; Buker and Stall, 2001). Other investigators have studied different herbicides 
in order to broaden the scope of herbicide management in melon crops (Umeda, 
2002). Because Virgin Island growers are interested in expanding the use of bensulide 
and halosulfuron, testing is needed to determine the efficacy and safety of these 
herbicides in transplanted watermelon. 

The purpose of this study was to determine the effectiveness of bensulide and 
halosulfuron applied alone as PRE herbicides in the quality and yield of transplanted 
watermelon in the United States Virgin Islands. 

Materials and Methods 

Study Site Information 

Field studies were conducted at the Albert A. Sheen campus of the University of the 
Virgin Islands Agricultural Experimental Station in March 2012 and March 2013. Table 
1 includes site information, the description of the soil, the organic matter, the dates of 
planting and the cultivar used for the study. 

At each site, watermelon var. "Jubilee" (an oblong melon with dark stripes on a light 
background), was transplanted into plots of 36 m2 with 3 rows with 2 m between plants 
and 3 m between rows on April 20, 2012 and December 12, 2012. Recommended 
insect pests, disease control and fertilizer practices were used throughout the study. 
Experimental fields were drip irrigated applied for 2 hours daily during excessively dry 
periods and for two hours every other day, based on the weather. 
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Experimental Procedure 

The experimental design was a randomized complete block with treatments replicated 
four times. Treatments consisted of the active ingredients: bensulide at 0.03 kg ai ha "1 

and halosulfuron at 0.04 kg ai ha"1 applied PRE before transplanting. Herbicides were 
applied to both treated and untreated plots with a CO2- pressurized backpack sprayer 
delivering 140 L ha"1 at 414 kPa. 

Data Collection and Statistical Analysis 

Crop tolerance ratings were based on a scale with 0 representing no visible crop injury 
and 100 representing crop death, a rating scale and index adapted from the works of 
Vanhala et al. (2004) (Table 2). Crop tolerance was determined 2 to 6 weeks after 
treatment (WAT). A weed count of species was conducted during week 2 and 4 using a 
1 m χ 1 m quadrat. Fruits were harvested on July 13, 2012 and March 8, 2013. Yield 
data included number and weight of individual marketable fruit for each plot as well as 
°brix (°Bx) of fruits from each plot; from these data, both marketable and average fruit 
weight was determined. A marketable fruit weighs at least 2.0 kg. Average °brix was 
also determined using an analog refractometer. The °brix is one of the basic criteria 
used for the definition of fruit juices and it indicates the percentage of water-soluble 
solids in fruit juice (Türkmen and Eksi, 2011). All data were subjected to an analysis of 
variance using the IBM® SPSS® Statistics version 21. 

When the number of fruits and number of marketable fruits were significant at a value 
less than the 0.05 significance level, multiple comparisons for treatment were performed 
using Tukey's HSD at a 0.05 significance level. Pair wise t tests at a 0.05 significance 
level were used to look at the presence of weed species in treatments. 

Results and Discussion 

Weed Control 

Quantitative assessments of weed species showed that the PRE herbicide treatments 
bensulide and halosulfuron did not give good control of grasses, sedge and broadleaf 
weeds. Crabgrass and Bermuda grass were present in treatments, as well as 
Amaranthus and Euphorbia (Table 3). There was a wide range of broadleaf weed 
species native to the Caribbean present at the two sites, 2 to 4 WAT. Furthermore, the 
numbers of weeds found in bensulide and halosulfuron treated plots were similar to that 
of the non-treated plots. Data from Brandenberger et al. (2005) suggests that 
halosulfuron has high levels of control on broadleaf weeds like Amaranthus and grasses 
like goosegrass, when applied PRE. More studies are needed for the use of these PRE 
herbicides in the Caribbean. 
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Crop Injury 

Bensulide at 0.03 kL/ha and halosulfuron at 0.04 kg/ha caused injury to watermelon 
plants in the form of stunting and crop discoloration. Bensulide caused up to 5% injury 
in both locations causing stunting and slight discoloration compared to the non-treated 
weedy controls at 2 to 4 WAT (Table 4). Stunting was detected primarily in vines and 
foliage. 

Injury from treatments with halosulfuron was not more excessive than the injury from 
treatments with bensulide. Stunting was also detected in halosulfuron treatments; 
however, there was no stunt loss. Injury from halosulfuron was also reported by 
Brandenberger et al. (2005) on watermelon and Fennimore et al. (1999) on cantaloupe 
(Cucumis melo). Injury had declined considerably in halosulfuron treatments. There 
was no late injury from halosulfuron treatment in crops as reported by Fennimore et al. 
(1999), even if they reported that there was a reduction in injury over time. 

All of the plants had fully recovered by 8 WAT for both bensulide and halosulfuron. The 
injury sustained by watermelon plants as a result of bensulide and halosulfuron 
treatments did not affect the yield of watermelon. 

Watermelon Yields 

Watermelon yields were reduced due to severe blossom-end rot and the heavy 
infestation of pests and diseases. Furthermore, in field plot 13, watermelon plants 
contracted an unknown wilt disease during 4 to 8 WAT that caused wilting of vines 
already in fruit setting stage and also in plants with average sized fruits. Watermelon 
yield reductions were due to decreased fruit number (melons/plot) and fruit weight 
(kg/plot). The number of fruits produced by watermelon plants of bensulide, halosulfuron 
and non-treated were similar in terms of yield. 

The °Bx of watermelon fruits was very similar in both locations as well as in the 
Bensulide, halosulfuron and non-treated plots (Table 5). Watermelon with an average 
of 8° Bx is poor in terms of sweetness. A sweet watermelon has a 16° Bx. Thus fruit 
produced in treated and untreated plots were not of high quality. 

In summary, although bensulide and halosulfuron applied PRE caused obvious early 
stunting of watermelon seedlings, plants recovered by week 8 after planting, and there 
was no reduction of yield as a result of rates of application of the two herbicides. 
Although there was evidence of crop injury from bensulide and halosulfuron, further 
evidence in crop safety is necessary. Low levels of control of grasses, sedges and 
broadleaf weeds was evaluated from treatments that included PRE applications of 
bensulide and halosulfuron, but further study is required to verify that the use of 
bensulide and halosulfuron when applied as PRE cannot be used as methods of weed 
control. The quality of watermelon produced from treated plots was of poor quality, 
however there was not sufficient evidence to suggest that poor quality of watermelon is 
produced from PRE application to watermelon grown in bensulide and halosulfuron 
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treated plots. Further study is needed to establish the quality of watermelon produced 
with the use of bensulide and halosulfuron as PRE. Since only one cultivar was used in 
this study, it is suggested that other cultivars should be used to determine the response 
and effect of bensulide and halosulfuron on quality and yield of transplanted 
watermelon. 

Based on the results of this study, it is concluded that bensulide and halosulfuron used 
as PRE alone does not provide the much needed tool for the control of grasses, sedges 
and broadleaf weeds in transplanted watermelon production. Furthermore, it is 
suggested that studies of combinations of other PRE herbicides, and the use of POST 
applications should be explored instead of the lone use of PRE applications of 
bensulide and halosulfuron, in order to study the spectrum of control of grasses, sedges 
and broadleaf weeds and the quality and yield of transplanted watermelon. 
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Table 1. Location information, including planting dates, soil organic matter, 
soil pH and soil description. 

Location* Planting 
date Cultivar Soil organic 

matter 
Soil 
pH Soil description 

Field plot 11 

Field plot 13 

4/20/12 

12/12/12 

'Jubilee' 

'Jubilee' 

2.2 % 

2.7% 

8.1 

8.1 

Fredensborg clay loam 
(Typic calciustoll) 
Fredensborg clay loam 
(Typic calciustoll) 

"Horticulture field, UVI-AES, St. Croix 

Table 2. Rating scale with index used for evaluation of crop injury. 

Rating* Crop Damage Precision (%) 
0 No crop reduction or injury 2 
10 Slight crop discoloration or stunting 5 
20 Some crop discoloration, stunting, or stunt loss 5 
30 Crop injury more pronounced, but not lasting 10 
40 Moderate injury, crop usually recovers 10 
50 Crop injury more lasting, recovery doubtful 10 
60 Lasting crop injury, no recovery 10 
70 Heavy crop injury and stand loss 10 
80 Crop nearly destroyed - A few surviving plants 5 
90 Only occasional live crop plants left 5 
100 Complete crop destruction 2 

*Rating scale and index used for watermelon crop adapted from Vanhala et al. (2004). 
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Table 3. Test location and WAT weed species present.3 

WAT weed present at each location 
Weed 
type 

Weed species Field Plot 11 Field Plot 13 

Grasses: 

Sedges: 

Broadleaf: 

Crabgrass (Digitaria ischaemum) 
Johnsons Grass (Sorghum 
halepense) 
Goosegrass (Eleusine indica) 
Chloris (Chloris barbata) 
Bermuda Grass (Cynodon 
dactylon) 
Nutsedge (Cyperus rotundus) 
False Poinsettia (Euphorbia 
cyathophora) 
Milkweed (Asclepias nivea) 
Purslane (Portulaca oleracea) 
Seed under leaf (Phyllanthus 
amarus) 
Boerhavia (Boerhavia erecta) 
Jackswitch (Corchorus hirsutus) 
Spiny Amaranth (Amaranthus 
spinosus) 
Thistle (Emilia sonchifolia) 
Clitoria (Clitoria ternatea) 
Spurge (Chamaesyce 
h y peri ci foli a) 
Button Weed (Spermacoce 
assurgens) 
Whitey Mary (Physalis angulata) 
Mimosa (Mimosa pudica) 
Amaranthus (Amaranthus viridis) 
Euphorbia (Euphorbia 
heterophylla) 
Whitehead Broom (Cyanthillium 
cinereus) 
Jute (Corchorus aestuans) 
Shy Bush (Mimosa Pudica) 
Wildenow (Ipomoea triloba) 

Abbreviations: WAT, weeks after treatment; -, species not present; *, species present. 
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Table 4. Watermelon injury and yield from PRE treatments averaged over 
locations. a 'b 

Field Plot 11 Field Plot 13 
Injury Fruit Fruit Injury Fruit Fruit 

Herbicided Rate Timing 
z. 
WAT 

H 

WAT number weight z. 
WAT 

H 

WAT number weight 

Kg/ha % 
No./plot Kg/plot 

% 
No./plot Kg/plot 

Bensulide 0.03 PRE 5ab 5ab 5d 14.79f 5ab 5ab 4d 17.17e 
Halosulfuron 0.04 PRE 10a 5ab 6d 16.82f 10a 10a 5d 20.18e 
Non-treated 0.00 0c 0c 4d 12.00f 0c 0c 4d 14.61e 

a Abbreviations: PRE, preemergence; WAT, weeks after treatment. 
b Locations were USDA field plot 11 and 13. 
c Means in each column followed by the same letter are not different at P<0.05 level of significance 
according to Tukey's HSD method of means of separation. Crop injury ratings taken at 2 and 4 weeks 
after treatment (WAT). 
d Bensulide was Prefar 4-E 0.03 kL/ha. Halosulfuron was Sandea 0.04 kg/ha. 

Table 5. Watermelon · Bx from PRE treatments averaged over locations. a 'b 

Herbicide Rate Timing 

Trial 1 

° Bx 

Trial 2 

° Bx 
Kg/ha 

Bensulide 0.03 PRE 8.40 a 8.55 b 
Halosulfuron 0.04 PRE 8.38 a 8.80 b 
Non-treated 0.00 8.63 a 8.78 b 
a Abbreviations: ° Bx, degrees brix; PRE, preemergence; WAT, weeks after treatment. 
b Locations were USDA field plot 11 and 13. 
c Means in each column followed by the same letter are not different at P<0.05 level of significance. 
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THE POTENTIAL USE OF BIOSOLIDS AS A SOIL AMENDMENT AND ORGANIC 
FERTILIZER FOR AGRICULTURAL PURPOSES 

K. Singh and P. Bridgemohan. Biosciences, Agriculture and Food Technologies Unit, 
University of Trinidad and Tobago, Trinidad and Tobago 

ABSTRACT: Across the globe, strides are being made to propel the agricultural sector 
into the direction of organic fertilizers and away from synthetic chemicals and 
substances. Additionally, there has been a worldwide drive to reduce waste streams 
resulting from different processes in an effort to lessen environmental damage and 
disposal costs. This study seeks to address both concerns by reusing biosolids as a soil 
amendment to improve soil properties as well as an organic fertilizer to boost growth 
and yields of agricultural crops. In this case, solar dried biosolids, sourced from a 
wastewater treatment plant servicing Arima and its environs, was utilized. To execute 
this study, pak-choi seedlings were transplanted into five (5) different treatments of 
biosolids:soil (T1-50% biosolids, T2-36% biosolids, T3-25% biosolids, T4-12% biosolids, 
T5-0% biosolids) and monitored over a 6-week period. Physical and chemical properties 
of both plants and treatments were measured at specific times in order to assess soil 
characteristic and plant growth improvement. Plant physical properties included height, 
number of leaves, leaf area and dry and fresh weights whereas plant chemical 
properties included concentration of heavy metals and nutrients such as Pb, Cd, Cr, Cu, 
Fe, Μη, Ν, Ρ, Κ and C. Soil physical properties included water holding capacity, bulk 
density and particle size distribution and the chemical properties measured were pH 
and heavy metal content. Results suggested that the soil amended with biosolids 
promoted greater plant yield than that of pure soil, when assessing physical plant 
properties. The heavy metal contents of the pak-choi leaves and treatments were found 
to be insignificant and pose no risk to human health. Additionally, the physical 
properties of soil containing biosolids were more enhanced and of an improved quality 
than that of pure soil. Biosolids therefore possess the potential to be innovated into a 
product that can be sold commercially to replace synthetic and chemical fertilizers and 
soil enhancers to enrich the agricultural sector. 

Keywords: Biosolids, Soil Amendment, Organic, Fertilizer, Pak Choi. 
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AN ASSESSMENT OF THE ECONOMIC IMPACT OF CLIMATE CHANGE ON ROOT 
CROP PRODUCTION IN TRINIDAD AND TOBAGO: WITH SPECIFIC REFERENCE 
TO CASSAVA AND SWEET POTATO PRODUCTION 

A.D. Ali and S.D. Hutchinson. Department of Agricultural Economics and Extension, 
University of the West Indies, Trinidad and Tobago 

ABSTRACT: The International Food Policy and Research Institute (IFPRI) suggested 
that by the year 2050, the Latin American and Caribbean region will experience 
negative effects on crop yields as a result of climate change. According to the Ministry 
of Food Production, Lands and Marine Affairs, cassava and sweet potato are among the 
most important root crops essential to food security in Trinidad and. The relationship 
between climate change and root crop production is of great concern as national food 
security is at risk due to climatic changes in the natural environment. Boosting 
production will help in achieving the national goal of a 'food secure nation' by promoting 
locally grown crops while supporting a sustainable standard of living for all producers. A 
priori, it is hypothesized that changes in climate variables will negatively affect cassava 
and sweet potato production and that future generations are at risk of food shortages. 
The purpose of this study is to explore the quantitative relationship between climate 
change and root crop production (cassava and sweet potato) in Trinidad and Tobago by 
use of a Crop Climate Index (CCI). The CCI reflects the climate impacts on root crop 
production based on seven (7) variables that influence cassava and sweet potato 
production. Regression analysis will be used to estimate the expected impacts of 
acreage, price, CCI, labor, fertilizers, farmer contracts, loans, and time on production. 
Production estimates will be determined through to 2050 under the A2 and B2 
Intergovernmental Panel on Climate Change (IPCC) climate scenarios. 

Keywords: Climate Change, Food Security, Root Crop Index, Cassava, Sweet Potato. 
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BIODIVERSITY AND ECOSYSTEM CONSERVATION: A CONTINGENT VALUATION 
APPROACH IN GRANDE RIVIERE 

S. Scott and R. Hosein. Trade and Economic Development Unit, University of the West 
Indies, Trinidad and Tobago 

ABSTRACT: Historically the Grande Riviere village comprises mainly of fishermen and 
farmers, however, this area is characterized by high unemployment, poverty, little formal 
education and lack of infrastructural development. This study proposes to formulate a 
Local economic development strategy around the leatherback sea turtles which 
frequents the north east coast of Trinidad during the months of March to July. To inform 
this LED approach; this study estimates the willingness to Pay (WTP) for the efforts 
aimed at conserving the leatherback turtles by both local and international tourists, 
using the contingent valuation approach over the period April to May. Additionally this 
study also investigates the variances in the Willingness to pay values arising from two 
types of payment schemes, one voluntary and the other mandatory. It is hoped that the 
results of this study will act as an aide to policy making by the local authorities and the 
international multilateral agencies such as the IDB who have already committed 
themselves towards tackling the issues of biodiversity as a top priority. It is anticipated 
that the information provided from this study can act as a focal point from which a 
community based ecotourism strategy for the northeast of Trinidad can be founded, with 
all the attendant benefits. 

Keywords: Biodiversity, Ecosystem, Conservation. 
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DEFINING AND IMPLEMENTING THE GREEN AND BLUE INFRASTRUCTURE IN 
GUADELOUPE: SOME MANAGEMENT ISSUES - CASE STUDY IN GUADELOUPE 

A. Larade1, V. Anaeon2, and J.L. Diman3. 1 AgroParisTech-ENGREF, UMR Metafort, 
Clermont-Ferrand; Université des Antilles et de la Guyane -CEREGMIA, Campus de 
Schoelcher, Martinique 3lnstitut National de la Recherche Agronomique - Centre 
Régional Antilles-Guyane, Guadeloupe 

ABSTRACT: This communication aims at discussing the different management theories 
that could be used in order to define and implement ecological networks in Guadeloupe 
(FWI), known in France as « green and blue infrastructure » or "trame verte et bleue -
TVB". For several reasons, the adaptive management theory is seen as relevant to 
analyze the social and political processes to define, implement and manage the TVB. 
May it be, we demonstrate that it is not sufficient. Small islands question singularly the 
adaptive governance as they further reveal its limits. Other management theory has to 
beintroduced. To reach this conclusion we will first make a literature review of adaptive 
managementand governance. Then, we will present specificities of social and political 
characteristics of Guadeloupe through the proximity and illeity theory as through 
scientific literature and empiricalobservations. Finally, in the last part, we will propose a 
complementary management theory that focuses more on strategic aspects of 
management activities. 

Introduction 

Ecological networks aim at ensuring links between habitats of natural species by 
maintaining or creating corridors between "biodiversity tanks" through non-protected 
areas taking part in the physical connectivity of elements of the landscape (Baudry and 
Burel, 1999; Vimal, 2010). This connexion is meant to allow habitats and species 
lifecycles ensuring their capacities to freely evolve(Allag-Dhuisme et al, 2010) which 
constitutes an essential stake in the perspective of global changes. Global change, and 
more particularly climate change, will have specific expressions in small islands 
(Mimura et al., 2007) such as Guadeloupe. 

TVB is the french legal translation for the concept of ecological networks. It is one of the 
most flagship resolution of the Grenelle process that occured between June and 
November 2007 (Barthod and Deshayes, 2009). The TVB has a legal basis through the 
laws Grenelle I (n° 2009-967 of August 2009, 3rd) and Grenelle II (n° 2010-788 of July 
2010, 12th) and it is a land management tool for biodiversity (decree n° 2012-1492 of 
December 2012, 27th ). The green part of the TVB can be based on natural units, buffer 
zones and corridors linking these units. The blue part of the TVB can be composed by 
rivers, lakes, ponds and grasslands strips along the rivers, lakes and ponds (Barthod 
and Deshayes, 2009).The notion of ecological infrastructure or network is also 
promoted by the European Union in its strategy for biodiversity until 2020. The target 2 
consists in maintaining and enhancing the ecosystems and their services by the 
establishment of a green infrastructure and the restoration of at least 15% of degraded 
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ecosystems (EU, 2011). At the international level, ecological networks have been 
introduced by the IUCN in his World Conservation Strategy published in 1980. More 
recently, one of the Aichi Objectives (from the Nagoya conference of the Convention on 
Biologic Diversity in October 2010) reasserts the need to create representative 
ecological networks at the Earth scale as it had been proposed during the conference of 
parties of the CDB in 2004 (Angeon and Caron, 2012). Despite this large political 
consensus around the notion of ecological infrastructures and networks, the scientific 
aspect of the concept is more controversial. What is indeed necessary is to think at 
landscape scales (Debray, 2 2011) and to imply the integration of ecological 
perspectives in human activities of economical development which matters in the 
relations between humans and non-human entities. 

The governance system of this tool of public policy commits a chain of actors. The TVB 
has to be defined and implemented at different scales: national, regional, local and land 
plot. At national level, some strategic choices have to be defined, national and 
transboundary challenges have to be identified and a specific part has to be established 
for overseas department and regions (DROM). A TVB national committee has been 
created to define and manage those national orientations toward the preservation and 
the restoration of ecological networks. The committee is composed by five types of 
stakeholders: the French State, the representatives of local authorities, the socio-
economic partners, the labor unions, and the NGOs; what is called "5 stakeholders 
governance" and has been initiated during the Grenelle process. (Decree n°2012-1492, 
Angeon and Caron, 2012; Barthod and Deshayes, 2009). 

At regional scale, the Scheme for Regional Ecological Coherence (SRCE) takes into 
account national orientations and is co-constructed by the state and the regional 
representatives, through a TVB regional committee composed in the "5 stakeholders 
governance" spirit. The involvement of the different stakeholders becomes a standard 
for this new conservation and territory management tool and for its better social and 
political acceptance. The legal acceptance of the SRCE is at least related toa public 
inquiry. (Decree n°2012-1492, Angeon and Caron, 2012; Barthod and Deshayes, 2009). 

At local scale, advice for a functional TVB encompasses various tools notably in the 
local plan of urbanism (PLU) that has to ensure objectives of ecological continuity, 
taking into account the SRCE recommendations. Finally, at the land plot scale, the 
owner or the user of the land should decide and act in a way to respect those advice. 
(Angeon and Caron, 2012; Barthod and Deshayes, 2009). 

The integration of many new stakeholders, through different scales, in the management 
of thebiodiversity by the TVB scheme, which is unclear and based upon non-stabilised 
scientific knowledge, generates some complexity, uncertainty and potential conflicts. 
This specific context implies some specific kind of governance and management to a 
better coordination between stakeholders in order to facilitate the common action and 
the decision-making. Related to the need of integrate the biodiversity question in the 
daily decisions of every one, a specific kind of management is needed which enables to 
learn (individually and collectively) about this topic, new for a large panel of actors. In 
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other words, TVB process calls for changes at a large scale: not just a single adaptation 
but a real general transformation of the social and political systems (Pahl-Wostl, 2009). 
In that extent, adaptive governance seems to be especially convenient. 

Is this generic proposition suitable for Guadeloupe? The island of Guadeloupe (16°15Ό" 
Ν and 61°34'60" W) is located in the Lesser Antilles and is a French department. 
Guadeloupe is concerned by french law, and so by TVB, while it composes a part of the 
Caribbean natural narrow of avian migratory species between north and south America 
(Thompson and Byrkjedal, 2001). Within and outside, Guadeloupe has to deal with 
ecological networks defining and implementing his TVB. 

Guadeloupe is very populated; 404.000 inhabitants live on a surface of 1.700 km2 with a 
large part covered by a tropical rain forest (more than 173 km2) (Pare National de la 
Guadeloupe, 2012). Population is still dense and the growth rate is over 0.4% per year 
(between 1999 and 2010) (INSEE, 2013). This spatial closeness as well as many family 
links between people, especially in rural areas, are responsible for a high relational 
proximity we will discuss later. Economy is characterized (IEDOM, 2012) by a poor 
productive sector (mainly based on banana exportation - 29 million euros of 
exportations, sugar and ron industries - more than 18 million euros of exportations and 
tourism - 68 million euros of turnover in the hotels), a large part of employment is based 
on services (43.2%) andon public ones (15%) and social transfers are high. Therefore, 
its apparently developed economy relies on a 3 high consumerism (IEDOM, 2012). We 
assume that the economy is doped; growth without (or with low) development. 

This socio-economic outline drives us to consider the question of the capacity of the 
guadeloupean society to act as a collective mass (lived or worked by a sum of 
individuals) or as a common (a group of individuals sharing a common project and 
leaded by general interests) (Lafaye and Thévenot, 1993). In others words, will 
Guadeloupe collapse as the pasture of Hardin did (Hardin, 1968) or will Guadeloupe 
succeed to structure itself to manage and preserve the common resources it offers? 

Thanks to those different elements, we are asking the following question: is an adaptive 
governance/management adequate to encompass this new challenge for biodiversity in 
protected and non-protected areas in Guadeloupe? First, we will make a literature 
review about adaptive management/governance. In a second part, thanks to the 
proximity and illeity theory and some empirical observations we have been able to make 
in a previous experience (completed by scientific literature), we will discuss about 
closeness and we will make some hypothesis about its use in the case of Guadeloupe. 
Finally, in a third part, we will propose a necessary and complementary mode of action, 
more strategic. 

The adaptive governance; managing efficiently biodiversity in an adaptive way? 

Our problematic can be summarized as Mermet et al. (2005) did for generic 
environmental problems. First, the TVB process is a kind of environmental management 
situation which highly links some social aspects (actors, rules, stakes, knowledge) to 
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ecological ones (animals, plants and ecosystems). This situation can be seen as a 
system of action 1. Second, there is the need for human groups to take into account 
their own responsibility in organizing themselves to face crisis. Then, the research 
process has to be implicated, the researcher closely linked with the operator. 

On those basis, several management theories have been proposed, amongst integrated 
ones and, among them, the adaptive management (Termeer et al., 2010). 

Contributions and limits of adaptive management 

Adaptive management can be defined as "a systematic process for improving 
management policies and practices by learning from the outcomes of management 
strategies that have already been implemented" (Pahl-Wostl et al., 2007, Termeer et al., 
2010). To expand the focus from adaptive management of ecosystems to broader social 
contexts that enable ecosystem-based management, Dietzet all used the concept of 
adaptive governance (Dietz et al., 2003 quoted by Folke et al., 2005). Bygovernance, 
they mean "creating the conditions for ordered rule and collective action or institutions of 
social coordination"; governance is the structures and processes by which people in 
societies make decisions and share power (Folke et al., 2005). Then, would it be 
sufficient to produce a compilation and an analysis of previous management or 
governance strategies to implement an adaptive one? 

Adaptive governance aims at developing new governance forms that encompass 
characteristics of systems constituted by social and ecological components whose 
delineation is artificial and arbitrary. Such social-ecological systems (or socio-ecological 
systems, SES) emphasize the integrated concept of: System of action : "(...) unnatural 
construction such as the institution always precarious and problematic of a human 
structure of the fields of action, a mode of rationality and a mode of social control 
governing collective action of humans in a given sphereof influence." (Crozier and 
Friedberg, 1992, translated by us). Human in nature (Folke et al., 2005); while the TVB 
calls for the integration of nature in human systems which refers to the notion of 
"ecologization" of Latour (1995). This change of paradigm does not call for a simple 
adaptation but implies a real transformation of the social system. 

We need to explain the difference between adaptation and transformation. Adaptability 
is assumed to be the "capacity of the social components in a system to manage 
ecological resilience". Human actions can focus on maintaining a system within a 
desired regime that provides necessary ecosystem goods and services or restoring the 
system from an undesirable regime into a desired one (Gunderson et al., 2006). 
Transformability is the "capacity to create a fundamentally new system configuration" 
(Gunderson et al, 2006). The notion of adaptation is linked to the idea of staying in the 
same paradigm, in the same context while the transformation one implies to change the 
context and the paradigm and to meet new combinations. Social adaptation and 
transformation are both self-organised processes that involve interactions among key 
actors in the system, knowledge and understanding of the system, and the provision of 
conditions or opportunities for change (Gunderson et al., 2006). 
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The SES are characterized by complexity and unpredictability and they assume a world 
made of abrupt or continued changes having unpredictable consequences (Termeer et 
al, 2010). In our TVB problematic, we can consider two types of uncertainty. The first 
one is relative to the social components target. What do we want to preserve? Some 
biodiversity elements (if yes, which ones)? Some ecological functions? Some evolution 
or adaptive capacities? Those objectives are not predetermined and could be defined 
by stakeholders there is a need to identify and to choose in order to compose a 
collective. Those objectives will evolve in time thanks to changing conditions. The 
second type of uncertainty relates to the intensity of changes. Will they allow the SES to 
maintain its structures or will they be impacted? In other word, will those changes ask 
for simple adaptation or for transformation (Pahl-Wostl, 2009)? 

Complexity can be analyzed through the notion of scale. Scales are numerous, next to 
the classical spatial and temporal scale, Cash et al. (2006) have considered 
jurisdictional, institutional, networks, management and knowledge ones (Termeer et al., 
2010). Interrelations between scales are constantly changing in strength and direction; 
and those changes found the complexity of such environmental management problems, 
in particular TVB ones. To deal with this issue, several scales must be taken into 
account and two types of problems can appear (Termeer et al., 2010). 

A cross-level issue is the result of cross-level interactions between multiple levels on a 
scale. Typically, a cross-level issue on the time scale occurs when short term solutions 
can aggregate in long term problems. (Termeer et al., 2010). On the institutional scale, 
a cross-level issue could be solved creating better links between the different levels, nor 
top-down, nor bottom-up but by a cross-level institution (Berkes, 2006). 

A cross scale issue is the result of the existence of multiple relevant scales and the 
cross-scales interactions between them (Termeer et al., 2010). The most famous is a 
mismatch between the environmental scale and the social organization scale that 
generates a disruption of some functions of the SES (Termeer et al., 2010). Dominants 
responses are towards solutions that remodel the social scale, changing living 
institutions or creating new ones in order to match with the environmental problem scale 
(Termeer et al., 2010). 

At the end, adaptive governance "takes the challenge of enhancing the capacity to 
create the right cross-scale and cross-level links at the right time, around the right 
issues." (Termeer et al., 2010). The notion of scale is not pre-determined, framing a 
problem as local, regional, national or international, ofshort term or long term is a 
political act and raises in a strategic behavior (Delaney et al., 1997, Marston, 2000, 
Brenner, 2001, Kurtz, 2003, Lebel et al, 2005, Gupta, 2008, quoted by Termeeer et al, 
2010). In the same way, the main benefit of an actor is to define by himself the relative 
scales of the worlds he is implicated in (Latour, 2010). As such, the actor is able to 
determine if he will (or not) assume a responsibility and reach (or not) a process of 
decision-making, will it be collaborative, or accession (or not) to resources. 
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The issue is then to deal with a "scale challenge" for the SES being resilient (Cash et 
al., 2006). Three common challenges have to be treated. The first one is relative to the 
ignorance of the importance of the cross-scales and cross-level interactions, especially 
the dynamics between spatial and temporal scales. The second challenge is a 
mismatch between scales and levels of scales, for instance between the large scale 
scientific knowledge and the traditional knowledge. The third challenge is to consider 
the plurality of solutions. There is not a single, correct or best characterization of the 
scale and a level challenge that applies to the system as a whole or for all actors (Cash 
et al., 2006). As such, the outcome has to be a negotiated one, not imposed by a group 
of actors or matching the preferences of one scale or one level of a scale. To face 
unpredictability and complexity and to address the three challenges above, several 
solutions can be implemented. 

Solutions to Improve Management Policies and Practices 

Management policies and practices can be improved by two types of solutions linked to 
the structure and process within the social part of the SES. 

Some proposals in the forum field 

The frame proposed by Cash et al. (2006) is based upon three prescriptions whose 
combination has to be renewed for each situation. The first prescription is to promote 
institutional interplay between institutions (understood as a set of rules) of adjacent 
levels or not at jurisdictional scale (formal or nonformal institutions). Some networks 
operating at different levels use a range of mechanisms to develop cross-level 
interactions. 

The second prescription aims at improving the understanding of complex environmental 
problems, characterized by multiple interests. A solution could be to implement a co-
management strategy. Comanagement is a "continuum of arrangements that rely on 
various degrees of power-and responsibility-sharing between governments and local 
communities" (Cash et al., 2006). The notion of governments covers agencies, fields 
and political factions of communities that represent multiple interests, perspectives and 
political actors (this precision consolidates the idea that solutions cannot bepre-
determined). Within this co-management system, links are created between 
organisations located at different levels. Those relations provide benefits to the human 
agents operating those links, through the use of information (Cash et al, 2006). Those 
human agents are defined as "relay" by Crozier and Friedberg (1992). 

The third prescription is to manage boundary functions by boundary or bridging 
organizations. These functions aim at taking up the knowledge scale challenge. There 
are differences across levels about the perception of credibility, relevance and 
legitimacy of knowledge through the different levels of the knowledge scale. There are 
also differences of perception of scale and levels relevant to solve a particular 
environmental problem (Termeer et al , 2010 ; Cash et al , 2006). No more than eight 
principal characteristics to manage boundary functions are listed by the authors (Cash 
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et al., 2006) and they are all in the field of cooperation, coordination, sharing, trust and 
consultation. We will focus on three among them. 

Key characteristics to manage boundary functions rely, partly, on the co-production of 
knowledge through boundary objects (maps, reports, forecasts) - also called forms by 
Latour (Latour, 2010). Such collaborative relations (Hibbert and Huxham, 2005) require 
time to reach a sufficient understanding of a phenomenon. They are also concentrated 
on what partners say during collaborative phases, however what they say is different of 
what they do (Argyris and Schon, 1974, quoted by Jones et al., 2011 ). 

Boundary functions can be managed too by coordination and complementary expertise, 
through collaborative relations. Collaborative processes allow parties with a different 
vision of a problem to explore in a constructive way their differences and to search for 
solutions over their own limited field of possibilities (Gray, 1989 quoted by Nowell, 
2009). However, within a collaborative process, the abilities needed for coordination are 
not the same needed to boot and conduct changes. The TVB process requires a huge 
change (a transformation) and not only coordination, in order to re-introduce natural 
considerations in human decisions (will they be individual or collective). While 
coordination is enough for first-order change (incremental shifts that are consistent with 
an established framework), other abilities are required for second-order change (change 
of the infrastructure of the system itself), such as an alignment of philosophies. (Nowell, 
2009). Finally, this function of coordination is necessary but not self-sufficient to 
manage boundary function, by itself necessary but not sufficient to induce change. 

Another key function is necessary for those boundary organisations: leadership. It is 
"important for developing and communicating a vision of ecosystem management for 
the area that can frame and give direction to the cross-scale or cross-level process." 
(Cash et al., 2006). The ability to drive (or to lead) a group is directly linked to the 
question of resources allocation to the decision. That way, knowledge is a key resource, 
used by all stakeholders. However, due to unequal wealth repartition, the asymmetric 
power relations product some undesirable effects. In other words, if the more powerful 
stakeholders earn more from activities damaging environment, the negotiated solution 
between those "winners" and less wealthy actors will be biased in favor of the earnings 
of the more powerful (Boyce, 1994). 

Examining several forum-type theoretical prescriptions we can already identify some 
limits. The main one relies on the fact that those propositions are very legalistic and 
prescriptive. The participation and the consultation running through those forum-type 
solutions are like ends in themselves more than means (Blatrix, 2012). They are 
efficient when they are used as means to reach an end whose direction is given by an 
agency (see § 1.2.2 bottom). 

Some network-type solutions 

The whole forum-type solutions proposed above constitutes the structure of a system of 
action. They are not operational by themselves. They are tools with need to come to life 
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with the aim of creating the right link at the right time around the right issue (Termeer et 
al., 2010). To hit this objective, an additional type of prescriptions is proposed, the 
constitution of a network leadership (Termeer et al., 2010). 

Social networks have the potential to get together and transfer rapidly knowledge and 
then are able to play a part in the spread of social innovations and sustainable changes 
(Moore et al., 2011). We assume the Moore et al. (2011) definition of social innovation 
as "any initiatives, products, processes, or programs that change basic routines, 
resource and authority flows or beliefs of any social system." The social innovations 
constitute a way to avoid rigidity trap defined by the repression of continuous innovation. 
This trap occured when the structures of legitimacy (rules), of domination (resource and 
authority allocation), and signification (interpretation and meaning) become more 
homogeneous and more resistant to change (Moore et al., 2011). 

However, the general resilience of a society depends on its ablility to generate a steady 
flow of social innovations. This resilience is built balancing the capacity to learn and 
adapt in a period of growth and resource accumulation; and the ability to self-organise 
in a period of release and reorganization (Moore et al., 2011 ). 

The constitution and the implementation of a social network is a way to stimulate and 
carry on socialinnovations. But each of the abilities needed for adaptation or for 
transformation relies on links of different strength. While bridging ties are appreciated in 
heterogeneous situations when creativity is relevant for innovations, bonding ties are 
determinant when reorganisation is the objective because people are more willing to 
share the risk of innovation (Moore et al., 2011). 

The question is now to determine the direction of change, adaptation and/or 
transformation; the single existence of social capital is not sufficient. This question is 
answered through a notion that permits to form a targeted flow and so creates an 
interaction that might otherwise not have occurred (Moore et al., 2011). This notion is 
called agency and is a "temporally embedded process of social engagement, informed 
by the past (in its habitual aspects), but also oriented toward the future (as a capacity to 
imagine alternative possibilities) and toward the present (as a capacity to contextualize 
past habits and future projects within the contingencies of the moment)." (Emirbayer 
and Misches,1998, quoted by Moore et al., 2011). 

The agency has to be created and this is the job of the institutional entrepreneur. The 
institutionalentrepreneur is an actor or a group of actors who seeks to change "particular 
institutional arrangements and who leverage resources to create new institutions or 
transform existing ones." (Maguire S., Philipps Ν., Hardy C., 2001, quoted by Moore et 
al., 2011). Institutional entrepreneurs present specific skills we will summarize by this 
quotation : "They connect, span boundaries, mobilise resources of knowledge, power 
and resources, recognize and generate patterns, revitalize energy and keep alive a 
strategic focus" (Moore et al., 2011). To form an effective network, the entrepreneur 
focuses on "their missions not on organisation; on trust not control; and on being a 
node, not a hub" (Wei-Skillern and Marciano, 2008 quoted by Moore et a l , 2011). 
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So, the institutional entrepreneur acts within a series of interactions between actors that 
focus on having an effect on problem formulations, solutions, and procedures regarding 
an approach to a specific policy issue. He is in the heart of a policy game (van Bueren 
et al., 2003). This game can be analysed by distinguishing a number of rounds 
characterised by impasses or breakthroughs (van Bueren et al., 2003). In that game, a 
crucial decision is a decision that offers an answer to a problem that caused an impasse 
and that determines (partly) the conditions for the next round (van Bueren et al., 2003). 
We could explain a policy game through the mean by which the parties reduce the 
uncertainties through their interactions and on the factors that contribute or not to this. 
Van Bueren et al. (2003) distinguish four series of factors: social, cognitive, institutional 
or related to the existence or absence of network management. 

Then, we have demonstrated that a network approach is relevant but not sufficient. We 
have pointed out the importance of knowledge by the need of boundary organisations to 
take up the knowledge scale challenge and as one of the finalities of the social 
networks. We have described knowledge as a need to reach a certain level of certainty 
and as a mean to create, to re-organise and to generate some social innovations. 

Ways to better learning practices 

Defining and implementing a TVB in Guadeloupe calls for a huge change on the way to 
consider relations between humans and relations between humans and natural 
elements of the whole insular SES. This social innovation could be effective thanks to 
forum-types and network-types tools but huge knowledge would be helpful too, if no, 
necessary. Indeed, we have to recall the absolute necessity of transfers of knowledge 
and innovations between disciplines, of action beyond the boundaries of those 
disciplines and beyond the scales that characterize the actual social systems. In the 
same time, to change the relationships between humans and non-humans part of the 
system constitutes a new political paradigm that requires to "mill a new political life" 
(Latour, 1995). 

To improve knowledge, and more broadly resilience of the SES, learning is a key 
ingredient (Pähl- Wostl, 2009; Gunderson et al., 2006). At this point, we must recall that 
learning is fundamental to implement adaptive governance (Pahl-Wostl et al., 2007, 
Termeer et al., 2010). So learning is a crucial aspect of our project. Learning can be 
defined as "a process of proposing conceptual models, then testing those models 
through empirical observation" (Gunderson et al., 2006). In other words learning is "an 
explanatory, stepwise search process where actors experiment with innovation until 
they meet constraints and new boundaries."3 (Pahl-Wostl, 2009). 

Collaborative learning processes 

By the above definitions of the learning processes we can consider actors as 
stakeholders in a situation in which they come together to act or decide upon issues of 
mutual interest, so they are in a collaborative process (Everett and Jamal, 2004, quoted 
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by Hibbert and Huxham, 2005). Such collaborative learning processes occurs in a four 
steps way (Hibbert and Huxham, 2005) from which should arisen an interorganisational 
network able to deal with problems. First, at the start of the collaboration, stakeholders 
while working about what is trust can give to each other. Regarding to the question of 
the contributions, each one can produce. Second step is the commitment to the 
collaboration. Indeed the actor will try to answer two questions; what outcome is 
expected by our presence/what do they expect from me? and who are these people? 
The third step is the beginning of collaborative process in itself with the need of 
transferable learning processes. The fourth step is the development of the relation; the 
following key questions are expecting answers: who are really those people? And what 
kind of dialogue to implement to solve the problem and to make collaboration working ? 

Along those four steps, Hibbert and Huxham (2005) identify three types of learning that 
can be summarized as "learning in and about collaboration". They distinguish the 
substantive learning in collaboration. It has a flow dimension, collaboration is perceived 
as a vehicle for learning, the purpose could be the knowledge creation. Knowledge 
transferred is typically a technical one. 

Those interative and stepwise aspects of learning and solving problems can recall the 
sequences of the policy games (van Bueren et al., 2003). Folke (2005) allows us to 
interprete this fact: adaptive management is a mean to implement adaptive governance. 
So, the identification of problems and of the conceivable solutions (management 
activities) occurs with the type of stepwise structure than the settlement of those 
problems choosing an option amongst several conceivable ones (governance activity, 
political field), could be the knowledge transfer or the knowledge creation. Knowledge 
transferred is typically a technical one. 

Another type of learning is the transferable collaborative process one aiming at 
enhancing understanding of the nature of collaboration and/or developing prescriptive 
approaches to guide managerial action (Hibbert and Huxham, 2005). The stakeholders 
focus on success factors, phases on a collaborative cycle, skills, tools, check list of 
actions etc ... It is expected from this learning to be transferable to other circumstances. 
Learning here focus on the process. 

Then, an ultimate dimension of learning has to be considered, the local collaborative 
process, on which the particular collaborative context takes place. It is designed by 
specific circumstances to the local situation (its questions, its partners, its processes). It 
adapts transferable collaborative processes to the local situation. It is concerned with 
the process by which people take into account the idiosyncrasies of the particular 
situation and modify whatever general understanding they may have to fit the individual 
circumstances (Hibbert and Huxham, 2005). The local collaborative process has an 
evident strategic dimension. 

Various loops of learning for diverse intensity of changes 

According to Pahl-Wostl (2009), most environmental problems are not primarily linked to 
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resource but must be attributed to governance failures. The governance regimes co-
evolved with technologies and other artefacts. This close interdependence is important 
to guarantee a functioning regime and convergence of the actors' expectation. At the 
same time, this interdependence can prevent changes and generates situations in 
which established and dominant technologies go on (lock-in situation). This kind of 
situation can be reinforced by a certain internal logic that excludes non-compatible 
approaches. Then the SES becomes rigid. Changing those governance regimes 
constitutes a social and societal learning process. The distinction between social and 
societal shows the significance of learning respectively in multi-actor settings and of 
structural change in the governance regime as a whole. 

Based on a collaborative process, learning may have different levels of intensity and 
scope generating adaptation or transformation (Pahl-Wostl, 2009). So, the learning 
process is conceptualised by a tripleloop of retroaction. Each retroaction loop impacts 
the system at different level, generating different intensities of change. The Pahl-Wostl 
(2009) framework describes the causality chain as following: a context influences some 
frames that command some actions with several outcomes. Such a chain could be 
retroacted at different levels through different feedback-loops learning. 

The single-loop learning provides an incremental improvement of established routines, 
without questioning the truth and guiding assumptions. Incremental changes aim at 
improving the achievement of goals. This phase could include a first improvement of the 
capacity to make or to implement collective decisions (Pahl-Wostl, 2009). 

The double-loop learning enables to question the guiding assumptions by reframing 
within the same structural constraints. Actors have a reflection on goals and problem 
framing (new aspects, change boundaries of system analysis) and on how goals can be 
achieved. Social learning processes are essential. The double-loop can lead to changes 
in the network of actors that characterizes the resource regime governance. The 
implementation of innovative approaches might be hindered by structural constraints of 
the context stabilizing the dominant frame (Pahl-Wostl, 2009). 

The triple-loop learning refers to transitions of the whole regime and of its structure. 
Implementing a triple-loop learning calls for questioning the underlying values and 
believes and the paradigm or vision of the world if the actual one is no longer bearable. 
The structural change will lead to a transition of the networks of actors by the coming of 
new groups of actors to changes in the structure of power and in the boundaries of the 
regime and at the end to the introduction of new regulatory frameworks (Pahl-Wostl, 
2009). 

"This conceptualization addresses thus the importance of power to impose certain 
values and norms" (Pahl-Wostl, 2009). Social learning will have to deal with this reality. 
Social learning is a stepwise process between single, double and triple-loop learning to 
manage different intensities of changes (adaptation to transformation). 

For an efficient (with environmental perspective) governance regime of the TVBs in 
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Guadeloupe, we can assume that the aim would be to pursue the same objective of 
"ecologizing" (Latour, 1995) the practices. As such non-humans elements are 
considered as means and ends that change the relationships between humans and 
non-humans elements, and change the dominant relational mode from intense 
production to a more protective one (Descola, 2011). With that in mind, it is necessary 
to make some new actors or new actors networks coming in the policy game. Related to 
biodiversity, it should be some associations of environmental protection. They exist in 
Guadeloupe, but we were said that their presence in some collaborative processes 
blocks those processes (personal communications). 

The process of change is described in literature related to adaptive governance and we 
will consider it very useful to analyze and to understand such on-going processes even 
if we must have in mind that reality is more complex and less mechanical than in those 
descriptions. 

Analyzing Change Processes 

A Mechanical Analysis ... 

Olsson et al. (2006) note that the governance regimes able to match the inherent 
complexity of SESs and to deal with uncertainty and change require substantial 
changes in the way humans currently relate to and govern those systems. They analyze 
transformation of a socioecological system through four steps. 

The first step relates to prepare change thanks to building knowledge, the emergence of 
leadership and the constitution of networks. We assume those phenomenon are linked 
and they reinforce each other. Building knowledge is made upon the description and 
steady state of the SES and the identification of the different stakeholders and trust that 
can be given to them at this time of the collective action (substantial and local 
collaborative learnings of Hibbert and Huxham, 2005). At the same time, the leadership 
emerges (Gunderson et al., 2006; Olsson et al., 2006) and aims at generating 
knowledge and supplying social memory, a long term vision of the SES and finally 
developing a strategy to reach the desired SES state (Pahl-Wostl, 2009). In other 
words, leadership aims at implementing an agency (Moore et al., 2011). 

Building networks is a key factor to prepare change. Formal networks are well 
established and it is difficult for them to mobilize resources to experiment or develop 
new visions because they are too much concentrate on bargaining. They only enable to 
stay on a single-loop learning. In those formal networks, actors have to represent their 
standardised position preventing them from innovative talks and openness (Pahl-Wostl, 
2009). Information is running top-down. In a complementary way, some informal 
networks (or shadow networks or adaptive networks) are built and they are crucial in 
such learning processes. They allow innovative and open discourses, to experiment and 
develop new visions while each actor can learn from the other without gates. The 
earliest they appear, the most efficient change preparation will be (Pahl-Wostl, 2009). 
The information runs in a bottom-up way. Shadow networks are self-organising groups 
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of policy makers that present two characteristics (Nooteboom, 2006 quoted by Pahl-
Wostl, 2009): a) they are influential and they know the power networks and b) they try to 
escape from on-going policies developing a common understanding of more efficient 
new policies. To form a shadow network, and for it to initiate a learning process, actors 
have to meet regularly in an informal way and focus on a specific issue to deal a 
specific problem. Actors have to self-qualify as a community of practices that have an 
identity, a history and a shared knowledge corpus (Pahl-Wostl, 2009). Formal and 
informal networks have to live together in a complementary way. A crucial link between 
informal and formal networks has to be established in order to create new ideas and 
visions initiated by informal networks passing to formal ones and then in formal public 
policies. 

Such a relevant issue for the implementation of adaptive governance, the constitution of 
networks asks for enhancing the understanding of nature and intensity of links within a 
network. This issue will be treated in § 2 but we can already precise that there are three 
kind of links : bonding tie, bridging ties and linking ties (Angeon, 2008). 

In a second step, after having been prepared and matured, change has to insert and 
exploit a window of opportunity in order to influence in a formal way the public policies 
(Olsson et al , 2006). Others authors talk about political windows (Folke et al , 2005) 
that can be a problem-driven window (to search for a political solution to settle the 
problem) or a political-driven window (to search for a problem to explain the conduct of 
change and the propositions) (Folke et al., 2005). A window of opportunity exists when 
a) a problem is recognized, b) a solution is available, c) politically, time has come to 
change and d) constraints do not prevent action (Olsson et al., 2006). The designation 
of a problem and the identification of a solution are relative to each stakeholder. The 
understandings of this problem and of adequate solutions evolve with a different 
intensity from an actor to another. To identify the multiple possible combinations, we 
propose to use the frame produced by Cattan and Mermet (1992). 

The policy entrepreneur plays a key role in the identification of favorable windows of 
opportunity. He can work in partnership with the leaders during the preparation step 
(Olsson et al , 2006). The necessity of links between formal and informal networks is 
then more obvious. The window of opportunity is the time in which innovations and 
experiments from the shadow networks pass to a formal and established frame to be 
translated into public policies. At this time of the change process, two screenplays can 
be considered. In a first option, change relates to a single adaptation of the routines -
actual system structure is preserved - and so, only single-loop learning is taking place. 
In a second option, change is transformative and the double- and triple-loop learning 
are combined and the whole structure of the system is modified. 

If that second screenplay occurs, the SES reaches the third step of change, i.e driving 
the transition. From adaptation to transformation, the SES needs to reach and pass 
over a tipping point (Olsson et al., 2006; Folke et al., 2005) which is determined by a 
special key actor, the tipping-point leader who works together with the policy 
entrepreneur to manage the window of opportunity. 
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The transition phase by itself has not been theorized, it "is not well understood because 
it is so unpredictable and turbulent. The transition to adaptive governance can only be 
navigated, not planned" (Olsson et al., 2006). On the other hand, to steer in such 
turbulent times several functions have to be implemented. We adopt these ones: 
mobilisation and translation of knowledge, to redirect outside forces into opportunities, 
to serve as catalysts and facilitators between different levels of governance, to bring in 
resources, knowledge and other incentives. They are all supported by midlevel entities 
known as bridging organisations (Olsson et al., 2006). 

Fourth step is to build the resilience of the new system and we assume that we will not 
deal with it here. The dynamic and the processes of change (whatever their intensity, 
adaptation or transformation) are closely linked with individual capacities and to 
collective capacities. 

Is this mechanical approach efficient with each human groups? An historical analysis 
showed that, related to change, the objective has been to modify individual practices 
rather than those of groups or communities (Pretty and Ward, 2001). Within human 
groups, or groups of actors, cognitive, relational and organisational investments 
mentionned above are thinkable under particular conditions. 

Depending on Maturity of the Human Groups 

Shadow networks and bridging organisations constitute social capital between state and 
society (Olsson et al., 2006). Capacity of human groups to drive transformative change 
depends on the maturity of the social capital. 

Social capital is defined as "the structure of relations between actors and among actors 
that encourage productive activities." (Coleman, 1988 quoted by Pretty and Ward, 
2001). This definition contains the notions of social bonds and social norms. Social 
capital develops in local institutions that allow members to "carry on our daily lives with 
a minimum of repetition and costly negotiation." (Bromley, 1993 quoted by Pretty and 
Ward, 2001). 

Pretty and Ward (2001) quotes the components of social capital: relations of trust; 
reciprocity and exchange; common rules, norms and sanctions; connectedness of 
networks and groups. They propose a typology to describe the evolution of social 
capital within human groups through themeslike worldviews and sense-making; internal 
norms and trust; external links and networks technologies and improvements; group life 
span. Related to these components, they product a three stages typology. 

First stage is qualified of "reactive-dependence" because a group is created to reach a 
desired objective in reaction to a crisis or a threat or in response to the invitation of an 
external agency. At this stage, individual in groups tend to look back. The group may 
have its own values but generally, norms and rules are imposed from outside. 
Individuals are looking for solutions outside of the group and are depending on external 
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facilitators. There is a real fear of change and individuals want to go back to previous 
situation. Related to the development of technologies, the environmental aspects 
focuses on eco-efficiency by reducing cost and damage. In farming for instance, this will 
drive to the reduction of doses of pesticides. 

The second stage is qualified of "realization-independence"; the groups carries out 
emergence of new capabilities and realise their growing independence. Individuals and 
groups tend to look inward focusing on their own resources, giving sense to their new 
reality. Members are more willing to give time to the group while trust rises. At this 
stage, groups are initiating the production of their own rules and norms. They start 
looking outside developing horizontal links. They realize that information flows can go 
upward and not only downward. Individuals are more and more willing to experimentand 
share the results due to the capabilities they have to develop new solutions to face 
problems. 

Groups begin to develop their own characteristics, they are stronger and more resilient 
but still sensible to dissolution if theirs members feel initial objectives are reached. In 
agriculture, groups start incorporating regenerative technologies to make best use of 
natural capital. 

The third and ultimate stage is called "awareness-interdependence". The group is able 
to solve problems, individuals have new world views and ways of thinking that are not 
reversible. Groups built their own realities looking forward. Individual critical reflexive 
capabilities (how we came here?) combined with abstract conceptualization (how would 
we like things to be?) means that groups are waiting for change and are dynamics. 
Individuals are more and more conscious of the values of the group. They have abilities 
to promote new technologies to other groups and initiate new groups themselves. They 
want to be well linked to external agencies and are so strong and resilient they can 
resist to fears and external powers. Those groups are willing to join key organisations, 
federations and platforms to reach superior level objectives. In agriculture, systems are 
re-designed on the basis of ecological principles and do not adopt new technologies to 
fit the old system. In some words, we could say it is the end of the on-going artefacts. 

According to the different components the dedicated literature to adaptive governance 
prescribes,each territory, or each community, can be able to solve an environmental 
problem which implies some social aspects. 

Some Limits of Adaptive Management/Governance and Learning Theories 

Through adaptive governance and management, the aim is to access new norms and 
values. So, thelink with the notion of power is strong (Pahl-Wostl, 2009). The 
transformations resulting from these approaches imply a change of paradigm and finally 
a change of underlying norms and values. Structural change will lead to a transition 
during which new networks of actors and new groups of actors will integrate the game, 
boundaries and structures of power will be changed too and new general frames of 
regulations will be introduced. 
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Through this literature review, we noticed that strategic dimensions of actors or groups 
of actors are pervasive but rarely (or exceptionally) dealt. The strategic aspects are 
identified by some authors (Pahl-Wostl, 2009; Armitage et al., 2008) and the strategic 
prescriptions are not very visible in the dedicated literature. 

This invites us to consider the strategic dimension of learning and collaborative 
processes, dimension rarely explicated (Armitage et al., 2008) but that we have started 
to point out in § 1.1. However, learning and knowledge are subject to asymmetry (in the 
way as power) between elites and fringes of the population (sometimes marginalized) 
that should participate (Berkes, 2009). Involved elites and authorities are able to 
influence a collaborative learning or an adaptive governance processes to discredit a 
problem; "it is harder to bring about an opinion shift if credible authorities are 
downplaying the problem or if it has to compete for attention with other problems at the 
same time" (Olsson et al., 2006). 

Finally, in a more general view, adaptive management and governance, that have in 
itself a positive connotation relative to good governance and that reflects an absolute 
ethical tendency, is not necessary ethical by essence (Fennell et al., 2008). Adaptive 
management and collaborative learning processes could be mobilized to serve other 
political agendas (Olsson et al., 2006) ; they could be managed to serve other finalities 
than good governance. 

To sum up adaptive governance and management are based on three pillars; 
enhancing the information flow cross-scales and cross-levels (forum-type prescriptions), 
improving social innovation for transformative processes (network-type prescriptions) 
and promoting learning (social capital approaches). This calls for two remarks. First, 
from this point a view, proximity could be seen as the lethal weapon to implement 
adaptive governance through those pillars. But does proximity ensureconcrete results 
on biodiversity conservation? In other words, if proximity is able to guarantee the 
implementation of a system of management based on the adaptive management 
principles, is it able to ensure a priori concrete results on biodiversity conservation and 
the effectiveness of its adaptive management? Second, and referring to Mermet's 
frame of interrelations (2009), adaptive governance assumes social relations 
characterised by cooperation, collaboration and coordination, and possibly negotiation. 
However, solutions and prescriptions to assume conflicting social relations are rare or 
weakly developed. 

Islands: Some Idyllic Worlds? Downside of Proximity and llleity 

In an island such as Guadeloupe, are we sheltered from conflicts? Does the relational 
and geographical proximities ensure us only of a collaborative social environment? We 
will answer these questions by calling up the theory of proximity. Before going further, 
we can make some assumptions. Indeed, referring to Bierschenk and Olivier de Sardan 
(1997), a village is not a "community united by a tradition, cemented by consensus, 
organized by a widely-shared world view and controlled by a common culture". They 
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understand it as "an arena, permeated by conflicts in which strategic groups confront 
each other" (Bierschenk and Olivier de Sardan, 1997). Others authors go the same way, 
"whatever geographical space inhabited by human society confronted to technical 
production acts (in this case agricultural production processes), some tensions between 
actors occur in rural spaces." (Caron and Torre, 2005). How will it go in a big village of 
1500 km2 inhabited by more than 400 000 inhabitants such as Guadeloupe? 

Empirical Observations from Previous Experience 

This previous experience has been driven in Guadeloupe between 1995 and 2003. We 
used to work as a research analyst then development officer for defining and 
implementating the sustainable development plan of the peripheral area of the 
Guadeloupe National Park. The aim of the mission was to produce knowledge about the 
territory in a collaborative way and to propose some cooperative political arenas to 
move, in a coordinated way, towards a sustainable integrated development of a 
depressed area called the Leeward Coast. 

During this experience, we implemented alternatively or simultaneously the three forum-
type prescriptions. The Guadeloupe National Park (PNG) was a boundary organisation 
with four clear objectives defined in its "Management Guiding Scheme" or SDA (Pare 
National de la Guadeloupe, 1997). There, we have initiated and took part to a Grouped 
Operation for Improvement of Land (OGAF) which was joining in a collaborative 
process, the representatives of the French state, the representatives of the regional 
council, the representatives of the general council, elected representatives and 
technicians from the communes implied, the Chamber of Agriculture, the National 
Center for the Development of Farm Structures, the representatives of the farmers 
through several associations, unions, groups and cooperatives, the Society for 
Improvement of Land and Rural Development (SAFER). All those stakeholders agreed 
on a co-constructed project (Trival-Faulech, 2001) that was implemented by an officer 
specially dedicated to this project. Doing so, the OGAF aims at improving the 
institutional interplay among all those collective stakeholders. 

Within the bridging organisation Guadeloupe National Park, we have run simultaneously 
the definition of the Sustainable Development Plan (PDD) of the Leeward Coast. This 
huge work constituted a co-management arena. Through various issues (agriculture, 
heritage, tourism, landscapes, public utilities, handicraft etc.) the aim was to study, to 
co-produce knowledge by meltingscientific and local ones and to define some 
guidelines for the sustainable development of the Leeward Coast territory at different 
spatial scale levels (from the village called "section" in Guadeloupe, to the whole 
Leeward Coast territory - 4 communes). We started the process from the section level 
to upper levels until the territory one. At section level, we co-constituted, with authorities 
of the concerned town (melting some elected representative of the political majority with 
ones of thepolitical minority), some Section Inquiry Committees (CES). This task at 
section level was co-driven with the members of the CES and PNG officers and 
appoved at the end of a set of three sessions by the CES. When each CES approved 
their respective "Sustainable Development Section Plan" we aggregated all of them at 
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the commune level, melting this aggregation with the projects of the commune we have 
been informed by both some skilled workers and elected representatives. This synthesis 
at the "commune" level was validated by the town council (voting a communal 
deliberation which constitutes in French public law a binding tool) and gave some 
guidelines for its sustainable land improvement and development. At upper level, the 
territory one, we expected to aggregate all the "Sustainable Development Plans" at 
"commune" level, to melt this aggregation with some territory level projects to propose 
an integrated and sustainable development plan of the Leeward Coast. At the territory 
level, the whole project was oriented and validated by an "Orientation and Validation 
Committee" (COV). That way, we melted representatives of governments (national, 
regional and departmental ones), local authorities with local communities with a clear 
objective. 

Considering the objective of proposing a general sustainable development plan for the 
Leeward Coast, we can analyze this previous experience as a social innovation that 
consisted in "ecologizing" (Latour, 1995) some productive and land management 
practices in a specific territory. This social innovation constituted a loud and clear 
agency. To reach this objective, we got together many social networks. We can try to 
quantify them. Through the OGAF and the PDD, there was something like fifty 
(individual as collective) actors involved in a formal way in those projects. Specifically to 
the PDD project, and due to its particular participatory methodology, more than two 
hundred inhabitants were involved constituting an important informal network on a 
territory of 194 km2. Inside those different networks of actors, a lot of institutional 
entrepreneur were present. 

Nevertheless, after about five years working that way, this political game drove to a 
sudden and abrupt deadlock. May it be due to a lack of knowledge before action? 

By implementing some forum-types and social networks types prescriptions, we 
generated important knowledge about the Leeward Coast, we identified lots of local 
resources to value in order to fund an "integrated" development and we created 
numerous ways to organise new kind of governance at different levels of the legislative 
scale (Cash et al., 2006). So, we produced a lot of certainty but without "milling" new 
political life. The SES stayed rigid thanks to dominant technologies and artefacts that 
maintained the governance regime, preventing desirable social innovation (which 
needed to consider in a new way the relations between human and non-human 
elements of the SES, to consider nonhumanelements as means but as ends too). But, 
change of governance regime needed to reach this social innovation is very intense and 
relies on the notion of transformation rather than a simple adaptation (Gunderson et al., 
2006). We can make an hypothesis. If the previous experience ended up in an 
deadlock, being a simple adaptation of the governance regime in place, was it because 
it stumbles across structural constraints that maintained the dominant frame? Using 
Pahl-Wostl (2009) terminology, we stayed in the second loop learning while the 
desirable social innovation was calling for a triple-loop learning, considering non-
humans elements as means and ends as questioning the underlying values and 
believes. 
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As we have described it, but now regarding the theoretical process of change, the 
preparation/training phase had been filled in: the Guadeloupe National Park drove a 
leadership, we had generatedknowledge in a collaborative way, we integrated and built 
adaptive networks as formal networks and those networks were linked each other in 
particular through the CES that contained most townnotables of each section of each 
commune. That process had been proposed to the elected representatives of the 
communes of the Leeward Coast to face a problem that stood out : the global 
functioning endowment (DGF) of the French state to its more than 36.000 "communes" 
was running to stagnation while the intermunicipal DGF was raising in order to favor the 
grouping of "communes". 

That way we were supposed to exploit a problem-driven window. At the end, the whole 
project should be paid by this intermunicipal DGF. So, according to Folke et al. (2005), 
the problem was identified, a solution was available (PNG proposed it, the solution had 
been agreed by the elective representatives of each communes by a formal and legal 
binding deliberation), politically the time had come to change (several political 
entrepreneurs identified the moment as relevant) but the last condition had not been 
fulfilled. We are able to note that there were still constraints to prevent action. Here is 
how we only generated a single temporary adaptation in the margin of the established 
routines; empirical observations that we can prove ten years after. Indeed, those 
established routines remained in their previous stability realm: land management and 
economical development are still implemented upon the same paradigm. 

Referring to Pretty and Ward (2001), we propose to describe the maturity of groups we 
worked with and we were involved in between stage 1 and 2. Given the fact that before 
implementing the PDD we had worked for nine years in the Leeward Coast with some 
peasants, craftsmen, local tourist service providers and so on, helping them to formulate 
and finance projects, given the fact that we have worked with all formal and informal 
networks and all institutional actors for five years within the PDD, how many years to 
reach the third maturity stage of Pretty and Ward (2001)? They suggest that there is an 
important relationship between maturity of social capital and the willingness of the 
groups to implement a transformative change. Finally, they are questioning as we do: 
are groups endowed with social capital more likely to proceed to change and 
transformation, or are they able to become stopped because social capital is a form of 
embedness that prevents change? 

At this stage, we are able to formulate two hypothesizes to explain this previous 
deadlock. Islands are territories defined by strong proximity, so the first one is that the 
links we have developed during this previous experience were not of "good" quality 
and/or of too low intensity. Or, second hypothesis (compatible with the first one), 
Friedberg (1992) should say we were working in a "field of action" and we left out and 
we did not tackle the asymmetry notion. According to this author, the interdependence 
is never nor symmetric nor in balance. The cooperation between actors is underpinned 
by dependence and power relationships. This hypothesis is coherent with some limits of 
the adaptive governance we had found in the dedicated literature and already 
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presented. 

Through the previous experience in Guadeloupe National Park, which objective was to 
define and implement a territorial sustainable development plan (in other words to 
"ecologize" - Latour 1995 -the practices of land management and economic 
development) of the Leeward Coast of Guadeloupe we pointed out that: we had all the 
structural elements of an adaptive governance; we produced important knowledge, 
through collaborative learning within mature groups, needed; the desirable social 
innovation met a window of opportunity. And, at the end, we came into a deadlock. The 
understanding of the causes of this balance is at stake if we have in mind the task we 
have to study now in the same human context: the definition and the implementation of 
the TVBs in the agricultural Field of action: « interdependent actors, individual or 
collective ones, natural or institutional ones, that are in competition the ones with the 
others for the definition of the 'problems' to the solution of whom they have (they may) 
contribute as well as to the elaboration of the 'solutions' to settle those problems» 
(Friedberg, 1992) and rural areas of Guadeloupe. This objective requires to "ecologize" 
(Latour, 1995) the agricultural practices and plot management as the practices of others 
economical agents in those areas. In a more generic way, what is the human context in 
Guadeloupe? 

The French West Indies, a More Generic Perspective - Guadeloupe Case 

Guadeloupe Environmental Stakes 

Guadeloupe is an archipelago from the insular Caribbean hotspot of biodiversity, one of 
the 34 worldwide hotspots (CCEE, 2011). Within the worldwide hotspots, the one of the 
insular Caribbean is one of the 4 most sensible (ONF, 2013). The insular Caribbean 
hotspot is constituted by 3 sets ofislands between North and South Americas: the 
Bahamas, the Greater Antilles and the Lesser Antilles. Within the Lesser Antilles, the 
biggest islands (within which Guadeloupe) are the most precious (ONF, 2013). 

As an archipelago, Guadeloupe is constituted by 6 inhabited islands : Terre de Haut, 
Terre de Bas, La Désirade, Marie Galante ; and the two major ones, Grande Terre and 
Basse Terre. For furtherconvenience, we will speak about the "island" of Guadeloupe. 
There, the rate of endemic species is important in a tropical island of no more than 1700 
km2 . The Guadeloupe national park planning tool takes a census of 29 endemic 
species in different ecosystems (Pare National de la Guadeloupe, 2012). Some of those 
species constitute some relevant indicators of the quality of the environment (AEVA, 
2010; Villard, 1999). Some others of those species are endangered in Guadeloupe and 
all over the world by human activities. For most of the people, this biological wealth is 
unknown and its preservation is seen nor as a priority for the species by themselves nor 
as a way to safeguard the environment services they point out nor at the end as an 
interesting capital to face global changes. 

By the way, the quality of the environment and of the culture of Guadeloupe has been 
recognized since many years. The Guadeloupe national park has been created in 1989 
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and it had been enlarged in 2009 (decree n°2009-614, June 2009, 3rd) behind the new 
law relative to French national parks (law n°2006-436, April 2006, 14th, called law 
Giran). In November 1992, a large part of Guadeloupe has been designed as a 
biosphere reserve by UNESCO, the second in the Lesser Antilles after the American 
Virgin Islands one (Pare National de la Guadeloupe, 2012). Due to those environmental 
institutions and their culture of cooperation and consultation as ways of action, would 
we have been able to point out several relevant results in the management of the 
biodiversity, its conservation and its sustainable use, outside the central zone of the 
national park if these modes of action were really sufficient? 

A Very Deep Naturalism Cosmology 

The way people look at nature and make differences between social aspects and 
natural aspects of the world (their "cosmology") is very deeply naturalist (Descola, 
2011), so only human kind can give a value to the other entities (animals, vegetables, 
minerals). According to that cosmology, all living entities are made of and function on 
the same materials and life universal laws but they have a distinctive interiority (only 
humans have a spirit, a consciousness and a soul). As Descola says (2011), humans 
and others living entities have the same physicality but a different interiority. In other 
words, only humans are able to be moral subjects, not animals, nor vegetables. 
According to this cosmology, humans cannot have social links with other living entities 
(Descola, 2011). It is a dominant fact in our occidental societies but some of them 
develop more integrative approach towards other non-human entities. 

We assume that people in Guadeloupe is deeply naturalist from our own previous 
experience as trainer in a center of vocational training in agriculture. In that center, we 
used to evaluate the initial level of the trainees by some tests on several subjects. The 
specific one for life and earth sciences contained that question "are human people 
animals?" More than 80% of the answers from the farm workers, skill workers and 
foremen were "no" and when we were discussing that point showing human people are 
not nor minerals, nor vegetables and so are inevitably animals, some violent reactions 
(in words and acts) used to occur. In the same way, we were recently talking about TVB 
subject with an executive manager of an agricultural and rural institution. Our 
presentation focused on the way TVB process could help maintaining the population of 
an endemic species of bird. Our speaker was very surprised that in those times of 
financial and general crisis our job was to deal with that kind of question, without making 
some logic links between this species, the quality of the environment serving the 
agricultural production in particular and quality of life in a more general way. 

A cosmology is also characterized by a "mode of relation" which is defined by as a 
"disposition giving a form and a content to the practical link between I and some others" 
(Descola, 2011). The author describes different types of relations and proposes 
dominant relation types and those impossible or marginal within each cosmology. For 
the "naturalism" cosmology, the dominant types of relation are the production, the 
transmission and the protection ones. They are all one-to-one in a unique direction 
between hierarchic terms. Descola (2011) says that production is the determinant 

499 



element of the material conditions of social life, as the main way for humans to 
transform nature, doing so, to transform themselves. Through production, humans 
prove their capacity to behave as agents that force a form and a specific finality to a raw 
material independent of them. In other words, in naturalism cosmology, the production 
of objects influences the relations between subjects (humans). Transmission enables to 
death subjects to get a grip on the living ones. Things pass from one generation to the 
following one in that unique direction. Following Descola (2011), protection implies a 
control on biological functions by the mean of which the living entities distinguish 
themselves, the protected ones losing their independence. The protection link toward 
non-human entities becomes dominant when a set of plants and animals is conceived 
both as dependent to humans for its reproduction, its food supply and its survival and as 
so closely linked to them becoming an authentic and accepted component of the 
collective. Under what we have exposed in the paragraph above, we are able to make 
the assumption that guadeloupean society, as others occidental ones, are naturalist 
with a dominant mode of relation towards production and transmission. Some non-
humans entities are accepted in the margin of the collective as "socialized segment of 
nature" (Descola, 2011). We have in mind pets, animals and plants of farms. But not 
savage species. And mainly, each non-human entity (pets, domesticated farm ones or 
savage ones) does not include the collective. So the second condition to speak about 
protective mode of relation is never (rarely) satisfied, it would call for a kind of 
consideration we could summarize as "non-humans as means and ends". 

In a general perspective, at individual scale, the probability of an integration of 
biodiversity elements (non-human entities) in decision making processes is not obvious 
in Guadeloupe. However, we still know some actors, individuals or collective ones able 
to carry the voice and represent non-human living entities interests be they very 
minority. 

A Strong Family and Relational Proximity 

Guadeloupe, as a French oversea territory that was producing sugar and other 
agricultural goods for his mother country, had known slavery. At this time, some 
important farms (called Habitations) were structuring the spatial planning. Those 
"habitations" used to live in a certain autonomy. People born, lived and died in the 
habitation that owns them. Indeed, in an habitation, most of workers were family. At the 
end of the slavery time (1848), the system collapsed but ancient slaves, when they ran 
out of the habitation, did not go far from it and nowadays geographical structure of rural 
territories is based upon this principle. The subdivisions of rural "communes" we call 
"sections" are more or less the heritage of the habitations. Till today, people living in the 
sections are relatives, more or less in a direct way. It is true in such an extent that we 
are often able to identify where a person (or his father) is from knowing only his last 
name 5. We could say that last names are geo-referenced. 

The section is composed by some representative families and each individual is able to 
draw the web designed by the family links between each others. The politics of the 
"commune" fight over those representative families to get the more vote possible from 
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them and, frequently, politics know that such family historically votes for such candidate. 
To design a well-balanced municipal council, the mayor chooses some councilors from 
each section in a balanced quantity ; and so, relatives from representative families are 
chosen, all the more since they have studied and they graduated. Such people become 
local public figure acting in the governance of the "commune". 

An Exacerbated Political and Administrative System 

To characterise the local political and administrative system in the French West Indies, 
in Guadeloupe in particular, we will describe it in France in general. To achieve this 
goal, we will focus on the description of the « crossed-regulation" from Crozier and 
Friedberg (1992). 

Those authors assume on a territory between bureaucrats and public figures, the 
development of a bond based upon a shared common experience, some 
complementary interests and identical norms. This bond is known to be unfailing and 
they describe the system that enables this crossed-regulation. 

Before action, bureaucrats and public figures need to achieve a compromise which 
constitutes a decision. This compromise is indirectly negotiated between stakeholders. 
This compromise is foundthanks to a coordinator whose activity and legitimacy are of 
another kind than those of the parties he coordinates or integrates. For instance, in a 
"commune", the only coordinator/integrator is the mayor because he defines the general 
interest starting from several categories of interests in the commune. The mayor is a 
center of strong power in the "commune" but when he needs to act effectively, he 
depends on "good" technical forms and "good" budgets that, solely, local civil servant 
from the State administration can produce and deliver. 

Those local civil servant from the State administration defend different sectorial interests 
that are integrated and coordinated by public figures from the General council 
(representing a division of local government called department). The same way, those 
departmental public actors are depending on the Prefect (local representative of the 
state interests) who depends on the political actor at national level (member of 
parliament) who depend on the ministers. In this kind of structure and operation, the 
local politic that is able to have a plurality of offices becomes an important center of 
integration, however depending on the Prefect and on his network in Paris. He will 
become very strong because he will be able to play several roles at the same time and 
will win every time in every game. Indeed, the information he could get in a game would 
be re-invested in another game to serve as a very relevant information to win this new 
game. 

In such a description, Crozier and Friedberg (1992) showed a structure of administration 
and power based on two channels ; an elective one and a bureaucratic one within each 
vertical interplays are very low. Each unit within each channel has no interest in 
communicating with the neighboring ones in a sense that they are rivals or hierarchically 
superior. There is no cooperation and, moreover, avoidance between each unit which 
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acts lonely through the opened channels of action without being concerned with the 
others. All those units are interdependent through a center which is the coordinator. 

This system produces a huge concentration of power and privileges and concentrates 
influence andinitiatives in several hands. "The game is closed and secret. The system 
constantly produces some exclusion. Non-participation is so deeply anchored in the 
leaders' psychologies that it seems to be consubstantial to their game. The system 
operates in shadow. It results from this a low information flow. The information is always 
carried out by third parties. Those who decide only have transformed and impoverished 
information. Those who have the whole information have no access to the universe of 
decision." (Crozier and Friedberg, 1992). 

Analyzing our previous experience, we can make the hypothesis that here is a plausible 
explanation of the permanence of the constraints that prevented the action, the 
desirable change. We have produced a lot of information, generated a lot of novelties 
but decision escaped to us magnificently. Now the question is to know from which 
channel this decision escaped us, the elective one or the bureaucratic one? 

In the crossed-regulation system, the best local interest defender is the one who has the 
best access network near the department or Paris. 

In this scheme, we can assume that a president of the Regional council who is a 
member of parliament and an ancient mayor of one of a rural "commune" concerned by 
the project, by the way, representative of the overseas territories within his political party 
(so having easily access to networks in Paris) is (and was at this period of the project) 
an important center of integration and coordination and has a lots of influence and 
power on the administration and politics in Guadeloupe and over. To such an extent he 
is the today minister of the Overseas French Territories. 

In Guadeloupe, it is usual to observe that politics also have integrative and coordination 
functions. In most of the cases they work as civil servant, and for some, they may 
become some department public figures, and so, they are playing a role within the two 
"channels" (elective and bureaucratic ones). 

Is it not the case on other rural territories in continental France? If yes, we assume that 
the main difference lies in the illeity of Guadeloupe. On continental France, if an actor Β 
does not want to make what an actor A requests to him, Β could go to another 
department or wherever else to find social resources he is depriving by not answering 
the A request. In Guadeloupe, private mean by position is more important because 
there are no possibilities for actors to by-pass those strong local powers. Private means 
by position offer some reduce abilities to compete social resources. It is a kind of 
monopolistic position from the local representatives. 

Something Like a Monopolistic Economy ... 

In the French West Indies, the economy relies on a structure historically monopolistic for 
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many economic sectors that benefit from exclusive rights to import. Since the end of 
2012, it is no longer the case thanks to the Lurel Law (law n°2012-1270 of December 
2012, 27th ) that relates to the economic regulation in the overseas territories and 
identifying some dispositions against exclusive rights to import, corrections of failures of 
wholesale markets, routing markets, storage markets and distribution for goods and 
services. 

From the colonialist period until today, firms developed and constituted important local 
or transislands economic groups that built up strong local economic powers. If they are 
able to integrate environment and sustainable development concerns in their 
management they will do it only reinforcing the very well established management 
practices serving their own strategies (Leroy and Lauriol, 2011). 

We can expect from them low impact on concrete results such as those we are looking 
for by the implementation of the TVB pattern and relatively to extinction of species or 
preservation of the ecological functions of ecosystems. We are more willing to assume 
an hypothesis by the general context of economic turbulences and crisis that could give 
certain efficiency for a strategy based upon unemployment blackmail. 

...In Coalition with Strong Local Powers 

Closeness may facilitate coordination and collaboration but the downside effect is to 
lead to lock-in situations. In our case here, in Guadeloupe, closeness between key 
individuals and between public institutions and private firms or groups makes us 
assume that proximity could be counter-productive to introduce a deep change for an 
effective adaptive biodiversity management in non protected areas as in protected 
areas. 

An archetypal illustration is described by Ibéné et al (2006) and is very enlightening. 
They describe the deforestation of a xeric forest in which a cave housed some endemic 
(at the Lesser Antilles scale) bats. 

"The case of the deforestation of the Daube forest at Courcelles Saint François is 
symptomatic of the danger that presses on the species in Guadeloupe. In 2003, a great 
part of the 18 ha of a littoral forest - within which is the cave of Courcelles - had been 
erased by a developer to build a stud farm. This plot(ownership of the General council) 
was even so recognized as a littoral remarkable site [in bold in the text] under the 
Littoral law (law n°86-2 of 1986, January, the 3rd ) and, as such, known by the Regional 
Land Management Scheme (SAR) of Guadeloupe as a "strong protection natural site". 
Since thisillegal deforestation, but authorized in a first time by the Prefect, no restoration 
measure has been taken and the plot is today colonized by coppices of acacia. " 

This incident is not surprising. As established by Monza (2009), the situation of 
commercial private mean, of crossing and coalitions with local powers and the length of 
this situation since the 2009 crisis are responsible for the lock-in situation in which the 
French West Indian territories are stuck. 
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Those days, a project of cable car to reach the top of the Soufrière volcano is arising, in 
full heart of the Guadeloupe national park what is more a UNESCO biosphere reserve. 
The Guadeloupe national park (as an institution) has the biggest difficulties to block this 
project. Managers within this institution didnot pronounce themselves yet about this 
project, neither they rejected it, neither they accepted it (personal communications). 
Their strategy is to leave some institutions to pronounce themselves such as the 
Guadeloupe national park board, the regional scientist council for natural heritage and 
the national council for the protection of nature (the first one decides while the latter two 
are consultative). 

Those different strokes allow us to ask if it is not necessary to conceive another 
management strategy? If yes, what strategy could we propose? 

Strategic Management Approaches as a Necessity 

The Need to Focus on Balance of Forces and Environmental Targets 

Adaptive governance or management proposes a true voluntary perspective for change. 
So, it keeps in a blind spot the systemic aspect of change, i.e the fact that change is 
contingent to the system of action that elaborates it and to whom it applies (Crozier and 
Friedberg, 1992). An effective change needs to be forerun by, on the one hand, change 
relative to the balance of forces and on the oother hand, learning (Crozier and 
Friedberg, 1992). Learning is one of the two necessary conditions prior to chance. 
Every change requires a break. Every deep change means a crisis for those who live it. 

Initiatives and human leadership are necessary and as such mutual adjustment is not 
operative. But balances of forces can change only when a new capacity to solve 
collective organisation problems exists (Crozier and Friedberg, 1992). A change in the 
balance of forces is not necessarily followed by the development of a new capacity. 
Crozier and Friedberg (1992) conclude « to learn, we should act without knowing yet, so 
it demands to take a risk that a tight cost/benefits calculation should make impossible. » 

Learning is a prior but non-sufficient condition for change. Adaptive governance and 
management assume this first prior condition but we need another approach to meet 
the second condition, change in force balances'The resilience of a system is defined by 
three important characteristics: the capacity of the system to experience a disturbance 
or change and still retain its basic function, structure, and identity; the ability to self-
organize; and the ability to increase its capacity to learn and adapt" (Moore et al, 2011). 

Focusing collective action on a SES does not enable to guarantee environmental results 
a priori. It would always be possible to "press" on the social part of the SES for it to be 
adaptive or resilient to the cost of environmental components. Some economic or social 
artefacts could be implemented for that, all the more since we are in an insular 
environment characterized by economic conditions coming from colonial economy of 
plantations and of cash economy. Pursuing effective environmental results (on 
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biodiversity) commands to focus on environmental aspects and to determine some clear 
targets in that domain; in order to evaluate the governance and management system as 
having been adaptive ex post. 

We assume that being not clear on what we expect in an environmental perspective 
could conduct the definition and the implementation of the TVB in Guadeloupe to an 
extra more wishful thinking, to an environmental management tool with a low ecological 
integration in the exploited areas or with a more important impact but only in the 
biodiversity tanks. At individual level, stakeholders have a deep "naturalism" cosmology, 
so the integration of nonhuman elements within their mind and acts is of another kind of 
philosophy. 

At a collective level, when stakeholders act in an enterprise, agricultural one here, it had 
been established that the ecological criticism is got back and integrated in the concept 
of sustainable development, serving strategies that "reinforces the place of the 
enterprise as central institution in society at the detriment of democratic governance 
systems." (Leroy and Lauriol, 2011). About agricultural enterprises, Houdart et al 
(2009) showed that in Guadeloupe, innovations proposed by public institutions in favor 
of the environment are either re-interpreted to serve other aims or non-mobilized to the 
benefit of spontaneous innovations. 

The enterprise acts in a strategic way that serves its own interests. "It is not from the 
benevolence of the butcher, of the brewer or of the baker we expect our diner, but much 
more from the care they provide to their interests." (Adam Smith, quoted by Latouche, 
1994). What would happen in an SES characterized by tacit agreements between 
stakeholders (tourism operators, wilderness protection associations ...) on the fact that 
it is necessary to manage it in an adaptive way, in such an extent that this case is 
described as exemplary - if an heavy industry such as a coal mine decides to establish 
in-? 

Could we expect from this enterprise to refuse because the SES is not able to adapt or 
sure to lose its resilience through this exploitation and sure to collapse at the end ? Or 
anyway, we could be sure that the enterprise will establish, whatever the environment 
functions could support or not because this establishment will create some work and 
development right now? 

At a societal level, in Guadeloupe, we are able to ask the question of the efficiency of 
only collaborative approaches in a context in which, first, it was necessary to pursue a 
forty-four consecutive days of general strike and a law to decrease the effects of market 
dominance, and, second, european directives and French law can be questioned to 
meet some heavy economic interests at public health cost ; in some other words, to 
deal with some interests of important economic groups linked with local powers (Monza, 
2009) ? 

So, to define and implement the TVB in an effective way (i.e to enable the adaptation 
capacity of the biodiversity to cope with global changes), the need is, on one hand, to 
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change the balance of forces, and, on the other hand, to integrate some ecological 
concerns in production practices (agricultural and rural ones here) and then to focus on 
very environmental objectives. 

A Proposal : Strategic Environmental Management Approach 

The current effective management should not be able to ensure an effectively adaptive 
management of biodiversity. So the need is to implement an intentional management 
that focuses on these questions. 

To reach this aim, we will consider environmental problems as problems of change as a 
whole by the strategic action of one of its constitutive parties (Mermet et al , 2005). We 
will propose to base the management upon strategies able to overcome fears to change 
from the stakeholders of the effective management system in place. 

First of all, is the strategic environmental management analysis relevant to deal with 
some issues of governance? Strategic environmental management analysis has an 
obvious management dimension as a governance one because social and ecological 
aspects of an environmental problem are viewed as a "concrete system of action". 
Crozier and Friedberg defined a concrete system of action as "a structured human set 
that coordinates the actions of its participants by relatively stable mechanisms of 
games, and that maintains its structure, i.e the stability of its games and the links 
between those ones, by mechanisms of regulations that constitute other games" (1992, 
translation by us). This concept encompasses the notions of action and regulation 
between actors that produce action; so it has management as a governance dimension. 
The strategic environmental management analysis is based on four principles (Mermet 
et al., 2005). 

First of all, the analysis of the system of action linked with an environmental problem 
must rely on the definition of the environmental object to take into account and of the 
aims pursued. Mermet et al. (2005) propose a formulation "goals in nature, means in 
society". 

The second principle is to take into account, in the diagnosis of the management of the 
environmental object, the whole human actions (conscious or not, intentionally or not) 
that influence in a relevant way qualities of the environmental object. This is what the 
authors call the "effective management". 

The third principle is to focus on the actors whose main concern is to initiate appropriate 
changes in the effective management of the ecological object; they are the 
"environmental strategic actors" who operate the "intentional management" (Mermet, 
2011). Those actors play an effective role as agent of change in favor of the 
environmental goal took as a reference. And so, this management theory focuses on 
the environmental part of the SES. If this position focuses on environmental 
components to concentrate forces on its improvement, we are already able to foresee 
some limits in the social environment of Guadeloupe. The danger is for them to be 
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perceived and to be denounced as acting boarder line and to be classified as not taking 
part of the common humanity (Boltanski and Thévenot, 1991) giving too much sense to 
non-human entities. 

The fourth and ultimate principle is to replace those analysis in a dynamic perspective of 
a system of management that changes over time through the structuring outcomes of 
conflicts in which the concerns of the environmental strategic actors end being partially 
integrated (Mermet et al., 2005). This theory of action assumes conflicts as creators and 
generators of change. 

Strategic environmental management analysis does not propose all answers a priori , 
"The strategic environmental management analysis theoretical frame (...) organises an 
opened working space inwhich nothing is never preordained" (Mermet et al., 2005 -
translation by us). It can be implemented where it is possible to meet some 
environmental strategic actors. Is it the case in Guadeloupe? We will have to identify 
them among some actors that have an environmental discourse. We assume they exist 
because we were said that some actors speaking of nature and biodiversity are invited 
in collaborative arenas. Some of them are qualified as "extremists" and "when they 
speak nobody listen to them; and then the collaborative process can be blocked" 
(personal communications). Ongoing news give us reason. Some civil associations 
(within which some environmental ones) are pursuing court actions to stop plant 
protection products aerial spraying on banana plantations. They are acting against 
banana producers and against the Prefect that takes some prefectural unilateral 
decisions to by-pass European and national legislations. 

So, we can expect from them to be some environmental strategic actors. Related to the 
exceptional biological wealth and to its worldwide value, some external environmental 
strategic actors could be mobilised too. 

Conclusion 

The answer to our problematic « is an adaptive governance sufficient to accept the TVB 
challenge for the biodiversity in protected and non-protected areas in Guadeloupe?" is 
theoretically no. A State representative was right saying that "we will not attract all 
people with the same meals" meaning that it will not be possible to define and to 
improve TVB in Guadeloupe with only one management theory. 

Adaptive governance and management require an important set of skills and 
technicality and so, a huge personal cognitive investment, generating the feeling of 
coming in a world in which the researcher could be able to see and to understand the 
whole SES as from a "latourian" panoptic (Latour, 2010) or to meet a cybernetic 
temptation of a perfect system (Morin, 2001). We should keep in mind that "the best 
organisation is not the perfect one, purely redundant, it is the imperfect organization, 
that contains shadows, deficiencies, fundamental disorder, but which knows how to live 
with disorder, parasitizing it back, which finally knows organising itself in uncertain 
relation and relativity, far from the absolute." (Morin, 1981). 
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Adaptive governance can work in social contexts characterised by tacit adjustments 
between stakeholders (i.e a peaceful context, by "accuracy" following Boltanski, 2011) 
but tends to be very insufficient in contexts characterised by "justice" (Boltanski, 2011) 
where there is a need to measure each other through a test, i.e in a conflict context. 

In our case, adaptive governance can be mobilized to define and implement TVB. It 
enables to hear all the ways to define each basic equipment of each common world (the 
metaphysics, Latour, 2010) but lead to a unity principle, and then to a truth principle (the 
ontology, Latour 2010), that we are more or less able to predict: giving biodiversity and 
non-human natural entities the role they already have, low value and utility in contrast to 
other non-human entities. The utility of a couple of endemic Ring Kingfisher will be 
much lower than a pound of bananas. 

Moreover proximity, in our context, is more a lock-in factor than a facilitator for deep 
changes in the way to consider biodiversity and non-human natural entities with low 
economic value. Deep familial and relational proximity, coalitions of strong economic 
and political local powers with no means to by-pass them, and a very deep "naturalist" 
cosmology lead us to consider the very necessity to implement a strategic management 
approach. 
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DETERMINATION OF VIABILITY CONSTRAINTS OF FARMING IN THE FRENCH 
ANTILLES: TOWARDS A PROSPECTIVE VIEW ON CARIBBEAN AGRICULTURE 
FACING GLOBAL CHANGE 

DÉTERMINATION DES CONTRAINTES DE VIABILITÉ DES EXPLOITATION 
AGRICOLES AUX ANTILLES FRANÇAISES: VERS UN REGARD PROSPECTIF 
SUR LES AGRICULTURES CARIBÉENES FACE AUX CHANGEMENTS GLOBAUX 

V. Angeon1, S. Bates2, H. Ozier-Lafontaine3, J.L. Diman3*, A. Fanchone4 and P. Saint-
Pierre. 1 Université des Antilles et de la Guyane (UAG) - Centre d'Etude et de 
Recherche en Economie, Gestion, Mathématiques, et Informatique Appliquées 
(CEREGMIA), 2Université de Paris-Dauphine, 3Institut National de Recherche 
Agronomique (INRA) - Centre Antilles-Guyane - Unité de Recherches sur les 
Agrosystèmes Tropicaux (UR-1321), 4Institut National de Recherche Agronomique 
(INRA) - Centre Antilles-Guyane - Unité de Recherches Zootechniques (UR-143), 5 

Laboratoire d'Applications des Systèmes Tychastiques Régulés (LASTRE). 

Farms are a level of organization and decision-making relevant to confront the 
challenges of the global changes that agriculture has to face, including food security. 
We think that their sustainability needs the establishment of an ecological transition, 
particularly in our territories in the Caribbean islands where global changes are 
exacerbated. From this point of view, the French West Indies appear as laboratories of 
analysis of these changes, but also ways to formulate answers in order to staunch or to 
counteract those. We disclaim all four services provided by the ecosystem according to 
the Millennium Ecosystem Assessment (2005) across the farm to determine the viability 
constraints in which all agroecosystem must register to be maintained. For this, we rely 
on the rigor of the mathematical theory of viability that distinguishes (i) state variables 
(system description) and control variables that can act on the evolution of the system 
according to a double set of constraints, (ii) régulons resulting representation of 
individual farmers about the viability of their farms on the one hand, (iii) tychastic 
variables that describe shocks they suffered, that is the uncertainty that the evolution of 
the system is subjected to. On this basis, we produce a reading grid constraints defined 
at farm level, whereas all viable agroecosystem must meet targets agro-ecological, 
economic and socio-cultural, providing goods and services both merchants and not. We 
end up with the expression of a set of viability constraints by the partners involved. This 
will result in concrete indicators of farm viability that will develop on one hand, a farm 
typology according to their initial state (viable, non-viable) and on the other one, to 
characterize their evolutionary paths. 

Keywords: Agrosystem, Mathematical Theory of Viability, Ecosystem Services, 
Ecological Transition, Participatory Approach. 

Les exploitations agricoles, sont un niveau d'organisation et de décision pertinent pour 
répondre aux défis posés à l'agriculture par les changements globaux, notamment ceux 
tenant de la sécurité alimentaire. Leur pérennisation passe selon nous, par la mise en 
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place d'une transition écologique, particulièrement dans nos territoires de la Caraïbe 
insulaire où les changements globaux sont exacerbés. De ce point de vue, les Antilles 
françaises apparaissent comme de véritables laboratoires d'analyse, de ces 
changements, mais aussi des voies de réponses à formuler pour les endiguer ou les 
contrer. Nous déclinons donc les quatre services rendus par l'écosystème selon le 
Millenium Ecosystem Assessment (2005) à l'échelle de l'exploitation agricole pour 
déterminer les contraintes de viabilité dans lesquelles doit s'inscrire tout agrosystème 
pour être maintenu. Pour cela, nous nous appuyons sur la rigueur de la théorie 
mathématique de la viabilité qui distingue (i) les variables d'état (description du 
système) et les variables de contrôle qui permettent d'agir sur l'évolution de ce système 
selon un double jeu de contraintes, (ii) les régulons qui résultent de la représentation 
individuelle des exploitants quant à la viabilité de leur exploitation d'une part, (iii) les 
variables dites tychastiques qui décrivent les chocs subis, c'est-à-dire l'incertitude à 
laquelle l'évolution du système est soumise d'autre part. Sur cette base, nous 
produisons une grille de lecture des contraintes définies à l'échelle de l'exploitation, en 
considérant que tout agrosystème viable doit répondre à des objectifs agroécologiques, 
économiques et socio-culturels, en fournissant des biens et services marchands et non 
marchands. Au final, nous aboutirons à l'expression d'un ensemble de contraintes de 
viabilité par les acteurs parties prenantes. Il en découlera des indicateurs concrets de 
viabilité des exploitations qui permettront d'élaborer d'une part, une typologie des 
exploitations selon leur état initial (viable, non-viable) et d'autre part de caractériser 
leurs trajectoires d'évolution. 

Mots clefs : Agrosystème, Théorie Mathématique de la Viabilité, Services 
Écosystémiques, Transition Écologique, Démarche Participative. 
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PROXIMAL SOIL SENSING USING ELECTROMAGNETIC-INDUCTION FOR 
PRECISION AGRICULTURE IN THE CARIBBEAN 

M. Atwell1, M.N. Wuddivira2* M. Hughes2, and S. Decaires2. 1 Department of 
Geography, 2Department of Food Production, University of the West Indies, Trinidad 
and Tobago 

ABSTRACT: FAO estimates of 2012 revealed that during the past 20 years, hunger has 
reduced significantly more than was predicted, and that, given renewed efforts, it may 
be possible to reach the millennium development goal hunger target at the global level 
by 2015. As a consequence much of this renewed effort has taken the form of 
technological advances to increase agricultural yields. A technological approach in crop 
production that addresses variability of soils within crop fields is important for 
conservation of resources, and efficient use and application of inputs. This is particularly 
pertinent in the resource poor small island developing states of the Caribbean. One 
such technology is proximal soil sensing using electro-magnetic induction (EMI) for 
precision agriculture. Proximal soil sensing provides non-invasive, rapid, cost effective 
and spatially exhaustive measurements of soil properties in the field which maps within-
field variability and allows for the optimum application of site-specific inputs for 
increased crop yield and reduce agro-chemical contamination to the environment. In 
this paper we investigate the relationship between proximal sensing signal using 
DUALEM-1S EC meter and soil properties to determine its application for precision 
agriculture in the Caribbean. 

Keywords: Proximal Soil Sensing, Electromagnetic-Induction, Precision Agriculture, 
Crop Production, Caribbean. 
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SOIL MECHANICAL RESISTANCE TO PENETRATION AS INFLUENCED BY 
COHESIVE AND DISRUPTIVE FORCES 

M.N. Wuddivira1, R.J. Stone1, and E.I. Ekwue2. department of Food Production, 
2Department of Mechanical and Manufacturing Engineering, University of the West 
Indies, Trinidad and Tobago 

ABSTRACT: Soil mechanical resistance to root penetration affects crop productivity. 
Root growth decreases and important shoot processes are adversely affected when the 
mechanical resistance to penetration increases. We hypothesize that clay and organic 
matter concentrations in a soil subjected to varying pre-wetting conditions influence 
aggregate disintegration and hence penetration resistance. We assessed under intense 
simulated rainfall (120 mm h"1) the penetration resistance of six Trinidad soils selected 
based on three levels of clay and two levels of organic matter using a drop-cone 
penetrometer. Samples were either left dry or pre-wetted with mist at slow (7.5 mm h"1) 
and fast (75 mm h ) wetting rates and equilibrated to matric suction of -0.033 MPa and 
-0.066 MPa, prior to exposure to the intense simulated rainfall. Our results show that the 
undrained penetration resistance was significantly (P<0.05) higher on structurally stable 
medium and high clay soils high in organic matter. This indicates high cohesive bonding 
and underlines the important role of both clay and high organic matter concentrations in 
enabling these soils to retain their arrangement of solids and pores when exposed to 
the stresses of wetting and raindrop impact caused by intense rainfall. Conversely, the 
structurally unstable low, medium, and high clay soils low in organic matter produced 
highly significant penetration resistance with drying, indicating surface crusting, low 
porosity, low water movement and a potential difficulty for root penetration. We 
conclude that high organic matter is required to impart cohesive strength to support the 
fragile structural fabric of medium and heavy textured soils of the Caribbean. This 
results in soils that are more friable and thus capable of withstanding the disruptive 
stresses of intense tropical rainfall thereby facilitating root penetration, water and air 
movement. 

Keywords: Soil Mechanical Resistance, Penetration, Cohesive Forces, Disruptive 
Forces, Intense Rainfall, Caribbean. 
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THE MICRONUTRIENT AND HEAVY METAL STATUS OF AGRICULTURAL SOILS 
IN TRINIDAD AND THEIR CONSIDERATION IN DETERMINING OPTIMUM LIMING 
RATES 

N. Gregoire, G. Gouveia, and I. Bekele. Department of Food Production, University of 
the West Indies, Trinidad and Tobago 

ABSTRACT: Understanding the effect of soil pH dynamics on the distribution and 
mobility of micronutrients and heavy metal should be a vital consideration for 
determining the optimum liming rates for acidic soils. This is to ensure that these 
micronutrients and heavy metals do not become significant limiting factors to crop yield 
and quality. Studies on specific effects of liming on micronutrient availability and heavy 
metal mobility have been surprisingly minuscule and thus inadequate for appropriate 
implementation of liming rates by farmers. In Trinidad and Tobago, neither the 
micronutrient and heavy metal status of agricultural soils nor the evaluation of lime 
requirement methods has ever been extensively evaluated. The customary practice of 
applying arbitrary doses of lime to the soil by a large percentage of farmers without first 
conducting a soil test has brought about serious concerns regarding the status of the 
soil's micronutrients. This study therefore evaluated the effects of increasing liming 
rates on changes in the soil's micronutrient and heavy metal levels and mobility in a 
range of important acidic agricultural soils in Trinidad. The paper will provide results to 
determine whether lime recommendations must in fact be both pH and micronutrient 
dependent, and consequently be site-specific. Additionally, the paper will provide 
information on the suitability of lime as a method of reducing the concentration of heavy 
metals in crops. 

Keywords: Acid Soils, Lime Application, Micronutrients, Nutrient Availability, Heavy 
Metal Mobility. 
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THE USE OF AGROECOLOGICAL CONCEPTS TO DESIGN INTEGRATED CROP 
LIVESTOCK FARMING SYSTEMS: THE CASE OF THE FRENCH WEST INDIES 

A. Fanchone1, F. Stark2, G. Alexandre1, J.L. Diman3, J.L. Gourdine1, H. Ozier-
Lafontaine3, J. Sierra3, R. Tournebize3, R. Alexandre4, Y. Bordey4, J.L. Kelemen5, and H. 
Archimède1. 1lnstitut National de Recherche Agronomique, Centre Antilles-Guyane, 
Unité de Recherches sur les Agrosystèmes Tropicaux, 2Supagro Montpellier, UMR 
SELMET, 3lnstitut National de Recherche Agronomique, Centre Antilles, Guyane, Unité 
de Recherches sur les Agrosystèmes Tropicaux, 4Chambre d'Agriculture de la 
Guadeloupe. 5Etablissement Public Local d'Enseignement et de Formations 
Professionnelles Agricoles 

ABSTRACT: Agroecology has been defined among others, as a set of practices that 
contribute to a more eco-friendly or sustainable agriculture (Wezel et al, 2009). Hence, 
the general principles of agroecology (improve energy and nutrient turn over, ensure 
soil quality, increase genetic diversification, and promote biological interactions) have 
been stated in several practices i.e., use of green manure and compost as fertilizers, 
integrated pests management, improvement of the structure and respect of the life of 
the soil, selection of genotypes adapted to the local bioclimatic context, water 
conservation to reduce irrigation requirements (Rahbi 2005). However, although some 
of these practices can be individually used in conventional agriculture, the specificity of 
agroecology came from their articulation and integration. Integrated crop-livestock 
systems (ICLS) which have been defined as farming systems managed by households 
or by firms where both crop cultivation and livestock rearing are integrated components 
of a single system (FAO), appear as a set of systems where all agroecological 
principles can be integrated. All over the tropical world, ICLS is one of the predominant 
forms of farming system (Herrero et al., 2010). In Guadeloupe, where 80% of farms are 
ICLS, the main set of practices developed by farmers has been described (Stark et al., 
2010). A very high diversity characterized the ICLS, however they remain insufficiently 
studied as a whole, due to their high level of complexity. Most of them have a lower 
level of functional integration as might be expected, because their technical assistance, 
public subsidies, conventional inputs and marketing opportunities are provided 
specifically for each production. Thus, the analytic approaches used until now to study 
ICLS have led to the development of disciplinary knowledge, which may constitute the 
first building blocks for the design of more sustainable ICLS. System experiments 
implemented under controlled conditions are ways to evaluate and test the consistency 
of this disciplinary knowledge and to improve step by step a holistic knowledge of mixed 
farming systems mechanisms. The objective of this paper is to illustrate how 
agroecological practices as integrating factors for farming can contribute to design 
functional integrated crop-livestock systems (FICLS). 

Keywords: Agroecological, Integrated Crop Livestop Farming Systems. 
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A STUDY ON THE EFFECTS OF DIFFERENT SOIL AMENDMENTS ON GROWTH 
AND DEVELOPMENT OF PASSION FRUIT (PASSIFLORA EDULIS) DURING EARLY 
VEGETATIVE PHASE IN A POT STUDY, TRINIDAD 

K.R. Campo, G. Gouveia, and J. Jardine. Department of Food Production, University of 
the West Indies, Trinidad and Tobago 

ABSTRACT: The passion fruit industry is largely growing in the Caribbean, like any 
other industry it is faced with the problems of tropical agriculture; the inability of the land 
to sustain annual food crop for more than a few years at a time. The aim of this study 
was to analyse the effects of different treatments (agricultural lime, rice hulls, biochar, 
organic and inorganic fertilizer) to produce and sustain healthy productive plants, in a 
well-structured and fertile soil. A pot study was conducted at the Analytical Service Unit 
(ASU) greenhouse facilities at the University of the West Indies, St. Augustine Campus 
with the objective of finding out the effect of the different treatments on the physiological 
parameters (plant height, stem diameter, number of leaves) in passion fruit (Passifora 
edulis). Composite Soil samples were collected from a foot depth, at an identified site in 
Mayaro, Trinidad. Collected soil samples were brought to the laboratory and analyzed 
for various physical and chemical properties at the beginning of the experiment before it 
was amended. The study was arranged in a completely randomized block design using 
thirty-two treatments. The results obtained from this paper will answer the following 
questions: Did application of the biochar, rice husk, organic and inorganic fertilizer 
influence on plant growth? Was there any significant difference between plant 
performances amongst the treatments? 

Keywords: Biochar, Soil Amendment, Rice Husk, Organic and Inorganic Fertilizer, 
Passion Fruit (Passifora edulis). 
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DECOMPOSITION OF ORGANIC AMENDMENTS AND THEIR EFFECTS ON SOIL 
PROPERTIES 

R. Belfon1, P. Voroney2, G. Eudoxie1, and G. Gouveia1. 1 Department of Food 
Production, University of the West Indies, Trinidad and Tobago, 2School of 
Environmental Sciences, University of Guelph, Ontario, Canada 

ABSTRACT: The objective of this presentation is to highlight the major findings of 
research examining the use of corn stalks, spent mushroom (SMS) compost and 
biochar as soil amendments and their potential to serve as carbon sequestration 
agents. A series of short term incubation studies were conducted to determine the 
effects of these amendments on CO2 emissions, plant available nitrogen, pH and 
electrical conductivity (EC) when applied at different rates to a range of soils maintained 
under different moisture regimes. Negligible quantities of biochar and SMS compost 
carbon were respired while much greater quantities of corn stalk carbon were lost, 
which was influenced by application rate and soil type. Biochar had no influence on the 
aforementioned soil properties, whereas SMS compost increased nitrogen availability 
and the pH of most soils but significantly increased soil EC. Corn stalks increased the 
pH of most soils in the latter stages of incubations and had a lesser effect on EC than 
SMS compost but temporarily reduced nitrogen availability. The results of these studies 
suggest that biochar and corn stalks may be more suitable for carbon sequestration and 
agronomic purposes respectively, while SMS compost may be suitable for both 
purposes if precautionary measures are taken. 

Keywords: Carbon Sequestration, Organic Amendments, Soil Quality, Tropical Soils. 
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ASSESSMENT OF THE GIANT AFRICAN SNAIL (ACHATINA FULICA) 
ERADICATION PROGRAMME IN TRINIDAD AND TOBAGO 2008 - 2012 

A. Balfour, S. Gosine, N. Ali, and J. Surijlal. Ministry of Food Production, Trinidad and 
Tobago 

ABSTRACT: The giant African snail (Achatina fulica Bowdich) was introduced into Trinidad in 
October 2008. Immediately the government embarked upon an eradication programme using 
USDA's "New Pest Guidelines: Giant African Snails" as a guide. By 2012 the pest was well 
distributed throughout the highest populated districts of the Diego Martin Valley. The main 
components of the eradication programme were public awareness, surveillance and chemical 
treatment. These activities by 2012 targeted four (4) core zones and eighteen (18) satellite 
areas. A. fulica continued to be successfully confined to the Diego Martin Valley. The rest of the 
island and Tobago were pest free. The data received from the collection of snails (live and 
dead) between October 2008 and December 2012 showed an annual increase until 2011, 
followed by a marked decrease (50%) in 2012. The decline in snail populations in 2012 
occurred despite high rainfall, flooding and an increase in satellite areas. This decreased 
resulted through increased surveillance and baiting. Throughout the duration of the programme 
the total number of snails collected was 34,747 by the end of 2012. An average of 8.2 times 
more snails were collected in the wet season than in the dry season. The hotline call response 
methodology acted as a detection system for the pest in Trinidad and Tobago. All valid calls 
received were investigated and all positive results were within the Diego Martin Valley. The total 
expenditure from 2009 to 2012 amounted to $6,080,000.00. The total average annual expense 
for that period was $1,520,000.00. Recommendations made included the continuation of night 
surveillance and the incorporation of specialized teams. 

Keywords: eradication, vector, aestivation, infestations. 

Introduction 

The giant African snail, Achatina fulica Bowdich (Mollusca: Achantinidae), is native to 
East Africa but is now widely distributed in the Indo-Pacific region. It is an invasive alien 
species (IAS) which was reported to be one of the worlds worst 100 IAS (AQIS, 2008). 
Since the 1980s the pest has been present in the Caribbean region. It was reported 
from Guadeloupe in 1988 (FAO, 1989). 

In 1989 it was found present in Martinique and in 2000 in St. Lucia, Dominica and 
Barbados (Robinson et al., 2004). Several other islands have since been infested with 
A. fulica. 

The giant African snail (GAS) normally feeds on decaying plant and animal matter, 
however, it has been reported to forage on over 500 different plant species having a 
preference for breadfruit (Artocarpus sp.), cassava (Manihot esculenta), cocoa 
('Theobroma cacao) and most species of legumes and curcubits (Lambert, 1999). 
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The snail is also a vector of the rat lungworm Angiostrongylus cantonensis which 
causes eosinophilic meningitis in mammals including man (USDA-APHIS, 2005). It 
therefore poses a threat to agriculture, the environment and public health. 

As the GAS Eradication Programme begins a fifth year of operation, it continues to play 
a vital role in pest management and crop protection, as the pest remains limited to the 
Diego Martin Valley and excluded from other areas of Trinidad and Tobago. The 
statistical trends indicate that the action on monitoring and baiting significantly reduces 
the population of outbreaks to zero within an average of two (2) weeks. This proved to 
be more frequent in 2012 than with previous years. 

After two visits in 2009 and 2011 by the hired consultant on Dr. Coupland (expert 
malacologist), his recommendations highlighted the success of the eradication 
programme and pointed towards the high potential for eradication of the pest in this 
country. 

Biology of Achtina fulica 

Species within the family Acatinidae need significant amounts of calcium for shell 
formation and successful reproduction. Many sources are found in their habitats such as 
calcium rich soils, cement structures and even other snails within large populations. 

The average life span of A. fulica is 3-5 years with a maximum of nine years. Adults are 
hermaphrodite, but reciprocal copulation is required to produce viable eggs. The snails 
reach sexual maturity in less than 1 year. Fertilized eggs can be laid repeatedly after a 
single mating (Robinson 2002). 

Eggs - Snails can begin laying eggs at 5-6 months. Laying can begin 8-20 days after 
copulation. Eggs are laid in batches of 10 - 400 and hatch by 11 days. The juveniles 
feed on their own shell and then search for other food sources. They then burrow and 
remain underground for a 5-15 days. 

Juveniles remain close to the nesting area for a few weeks. They feed on plant primarily 
and tend to explore feeding on decaying material as they mature. 

Aestivation can occur in condition deficient of moisture. However it is believed that 
aestivation can also be cyclical. During harsh conditions snails burrow 10-15 cm deep in 
soil; and can become inactive for 1 year. During this period it can lose up to 60% of 
body weight (USDA 2007). High infestations are known to develop due to condition with 
high moisture. The snail is active mostly at night, GAS can disperse at an estimated rate 
of 125 meters per month (Tomiyama and Nakane 1993). 

Methodology 

The GAS Eradication Programme adopted an integrated approach based on the 
location of the biology of the snail, environmental and ecological factors, locations of 
infestations and demographic. The components included baiting, monitoring and 
removal of snails which directly impacted on population levels are employed with public 
awareness, surveillance, field sanitation and legislation. 
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Baiting, Monitoring and Removal 

Team leaders were assigned to each of the core zones to execute and report on the 
eradication activities in each pocket. Within the core zones of Alyce Glen, Goodwood 
Gardens, Blue Range and Westmoorings every plot of land (including households, 
empty lots, abandon lots, parks, road edges, drains and rivers) within a 200 m radius 
(core zone) was surveyed. Beyond the core zone (200 m radius protection zone) 
random checks were made 50 m apart. Pockets of infestation which occurred via 
passive distribution ('hotspots' or satellite areas) were also baited and monitored. 

At each location, snails were sought under leaf litter, discarded boxes, on walls and 
shrubs, in drains, brick holes and crevices. All A. fulica found (dead and alive) were 
counted, bagged, labeled and sent to the laboratory. Snail bait containing 3.0% 
metaldehyde were applied to all areas within each core zone every two weeks. 

Collected snails were enumerated and transported to the Central Experimental Station, 
Centeno where they were frozen and later destroyed via incineration. Live samples of 
snails were periodically delivered to the Animal Production and Health Division for 
testing for the Rat Lungworm (Angiostrongylus cantonensis). 

To facilitate Baiting and Monitoring exercises an average annual cost of $ 350,000.00 
was spent. 

Table 1. Areas of Core Zones and Satellites treated for GAS 

List of Core Zones List of Satellite areas 

Blue Range Persad Street, Tru Valu Supermarket, Jasper Ave 

Alyce Glen President Wiseman Ave., Chuma Monka Ave 

Goodwood Gardens Crystal Stream-WASA Pumping Station, St. Anthony's 
College, Victoria Ave., The Y - Four Roads, Union Roads 

Westmoorings River 

Other 
Satellites/Hotspots 

Charles Ave, Ann Ave., Vander Pool Lane, Nagib Elias Drive, 
Rich Plain 

Key Sites Victoria Ave. Dump Site (Min of Works) 
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Figure 1. Distribution of giant African snail in Trinidad, 2012 
Field Sanitation 

This exercise enhanced the effectiveness of the baiting operation. Over grown lots 
inhibited the contact of the bait to the snails and ability to be located. As a member of 
the Task Force Committee and a stakeholder in the programme, CEPEP assisted by 
clearing lots during 2012. Due to the lack of a dedicated labour force their assistance 
was curtailed. The URP was then engaged to assist with clearing of these lots and was 
carded to begin in January 2013. The following areas hosted lots which were scheduled 
for cutting of over grown grass and herbicide application. 

- Vanderpool Lane 
- Along River Bank 
- Nagib Elias Dr. 
- Benjamin Dr. 
- Tru Vale Supermarket 

Public Awareness 

This remained a key component in the eradication of A. fulica, and acts as a form of 
passive surveillance. Public participation served to inform the team of new outbreaks 
as well as assist with the proper sanitation methods to control the snail populations. 
Public awareness efforts encompassed advertisements/ notices/ supplements in the 
mass media (television, radio and newspapers), posters, factsheets, digital boards, 
billboards, community, town meetings, training, meetings with official stakeholders and 
sensitization of schools in affected areas. All public awareness media contained the 
ministry's hotline (646-6284) and email (snailreport@gmail.com), to facilitate reporting 
of snail sightings. An average annual cost of $ 850,000.00 was spent on Public 
Awareness. 
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Television and Radio 

The Research Division in collaboration with the Corporate Communication Division 
produced a 30-second video and radio advertisements. These were aired on three (3) 
television stations (TV6, CNMG, CNC3), and two (2) radio stations (Sweet 100, 97.1). 

Newspapers and Fliers/Posters/Factsheets 

Full-page flier advertisements for A. fulica were placed in the Express and Guardian 
Newspapers several times to promote the programme and advise the public on the 
notifiable status of the pest. Approximately 15,000 fliers/posters/factsheets were 
distributed in the Protection and Public Outreach Zones (areas outside of known 
infested zones), county agricultural offices, schools, health centers, pesticide shops and 
markets. Factsheets were also distributed during advertising exercises at three 
locations within the core zone by Pearl and Dean Mobile Advertising (Table 2). 

Digital Boards and Movie Towne 

Two PowerPoint® presentations of five and ten slides were displayed on digital boards 
located at: 

- Cocorite on the Western Main Road, before entering Diego Martin 
- West Mall Car Park, Hi Lo compound 
- Movie Towne car park and located in Westmoorings. 

The 30-second television advertisement was also displayed at ten cinema screens at 
pre-feature times in November and December, 2011. 

Seminars 

Eight exhibitions were conducted in seminars hosted by NIHERST (National Institute of 
Higher Education, Research, Science and Technology) the Ministry of Labour and 
Guiaco Secondary School, Agri-Society and the Ministry of Food Production. 

Training exercises 

The following members of agencies were trained in GAS identification and handling:-
County Caroni, St George West, St George East, St Patrick East, Victoria, Diego Martin 
Regional Corporation and their respective Public Health Inspectors. 
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Table 2. Advertising Media used f o r » , fulica Public Awareness Campaign 

Advertisement 
Advertising Company mode Description 

Pearl & Dean Mobile Truck Digital screen for 6 hours on 
mobile truck at Starlite shopping 
plaza 

Sign Tech Digital Billboard 10 & 30 sec digital board ad at 
Cocorite 

Creative Advertising Digital billboard 10 sec digital billboard advertising 
at Hi-Lo compound Westmoorings 

Movie Towne (POS) Pre-feature ads 
in cinemas 

30-sec ad in cinemas 1-10 

CNMG- C TV Television 36 40-sec spots at news, pre-news, 
first-up, prime time, weekend news 

CNC3 Television 45 30-seconds television ad spots 
CCN TV 6 Television 32 spots at crime watch live & 

repeat, 8-9pm 
Gayelle Television 4 30-sec spots per day at 6-7pm, 7-

8pm 8-9pm and 7pm every Monday 
CNMG - Sweet 100.1 fm Radio 52 30-sec Spots between 6-8 am & 

4-6 pm 
CNMG -91.1 Talk City Radio 52 30-sec spots between 6-8am & 

5-7pm 

Other Modes of Advertising f o r » , fulica Public Awareness Campaign 2008-
2012 

Activity Details 
Poster and Flyer 
production 

Trinprint 

Flyer Distribution 15000 flyers during surveillance in all core zones 
10,000 via Newspapers as inserts 

Magnetic Strips 10,000 produced distributed to stakeholders and residents 

MFPLMA Website 

Technical and promotional information on A. fulica has been submitted for presentation 
on the website of Ministry of Food Production. This entailed fliers/posters/factsheets and 
summary/updates of the giant African snail programme. None of this information had 
been uploaded. 

Surveillance 

Surveillance was conducted in two forms. Active surveillance involved rapid 
reconnaissance surveys of areas within the infested zones on a periodic basis or after 
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acute events such as floods. Areas were zoned and assigned to teams for action. 
Survey personnel checked the premises of every five houses within a street and 
completed questionnaires with the occupants. Sampled houses were tagged positive or 
negative for the presence of GAS. 

The second method involved passive surveillance, where the hotline phone number 
(646 6284) was used to receive calls from the public on any sighting of the snail. Calls 
were serviced within three days and the site marked positive or negative for the pest. 
Preliminary photographic identification of A. fulica had been facilitated by email 
response (snailreport@gmail.com). 

Legislation 

Regulations Regarding A. fulica 

A. fulica has been made a Notifiable Pest under the Agricultural Act of 1975; the public 
is therefore required by law to report any sighting of the pest. To the MFPLMA, this 
component is the forerunner for Regulations for A. fulica and declaration of pest free 
areas under IPPC - ISPM 4 (International Plant Protection Convention - International 
Standards for Phytosanitary Measures 4: Requirements for establishment of Pest Free 
Areas). Three other components are necessary for the IPPC to declare the rest of 
Trinidad and Tobago pest free: 

1 ) The pest has restriction with respect to movement of the pest/commodities in and 
out of the infested area 

2) Surveillance activities are conducted to ensure pest free status 
3) Data is readily available upon request from importing countries 

Items 1) and 2) cannot be effectively implemented without regulations being declared 
for A. fulica. 

Results 

Baiting, Monitoring and Removal 

The data on snails collected in table 3, showed that throughout the collection regime 
between 2008 and 2012 there was a total of thirty four thousand seven hundred and 
forty seven (34,747) snails collected. However, the total number of snails collected in 
2012 was less than 50% of that collected in 2011, and 66% of that in 2010 (Table 3, 
Figure 2). 

As displayed in Figure 2, while there was a progressive annual increase in snail 
populations from 2008 up to 2011, the trend was interrupted, by a decrease in snails 
collected in 2012. This decrease was observed in spite of the increase of the number of 
satellites where snails were collected, from 4 in 2009 to 18 in 2012. The reduction in 
snails can be attributed to the increase in nocturnal surveillance, which increased the 
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access to some properties and also allowed the team to gain direct contact with snails 
which were more active at night. 

Any trend displaying a decrease in the number of snails collected in the next two years, 
can point towards a sound and defined forecast of true eradication. 

Table 3. Total number of GAS collected during Baiting and Monitoring Exercises 
- October 2008 - December 2012 

Year No of Snails Collected 
2008 (Oct - Dec) 1,349 
2009 4,644 
2010 9,744 
2011 12,754 
2012 6,256 
TOTAL 34,747 

, N u m b e r of giant African snail collected 2008 to 2012 14000 η e — 
12,754 

12000 

lOOOO 
• giant African snail 

8000 ' 

4000 

2000 1340 

6,256 

6000 

Nov-Dec_2008 Jan_Dec_2009 Jan_Dec_2010 Jan_Dec_2011 Jan_Dec_2012 
Year 

Figure 2. Total number of giant African snails collected in the Diego Martin Valley, 
2008 to 2012 
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Table 4. Total Number of Snails Collected by Dry & Wet Season from 2009 to 2012 

Dry Season 
Year No. of 

Snails 
2009 500 
2010 279 
2011 1916 
2012 1280 

Wet Season 
Year No. of 

Snails 
2009 4154 
2010 9465 
2011 9409 
2012 4976 

Snails collected for dry season 
(Jan-May) 2009-2012 
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Figure 3. Wet season snails collected 
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Figure 4. Dry season snails collected 
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By comparison, wet season and dry season data on the total number of snails collected 
showed that for most of the years (2009 to 2011), there was an average of 8.2 times 
more snails collected in the wet season than in the dry season (Table 4). However, in 
2012 the same comparison was only 3.8 times. Table 5 shows that the difference of 
snails collected between dry and wet seasons was highest in 2010 and lowest in 2009. 
The year 2012 had unusually high rain fall with two severe flooding episodes within the 
Diego Martin Valley. This can account for 2012 generating the second lowest differential 
between the seasons. Members of The giant African snail Eradication Team. Research 
Division 

• The giant African snail Task Force Committee 
• The Director and Deputy Director of the Research Divisions 
• The Diego Martin Regional Corporation 
• Animal Production and Health, Ministry of Food Production 

The increased numbers of snails in the wet season was expected as the population of 
A. fulica increases with increased rainfall and this is reflected in the data when 
comparing the seasons. However, the dry seasons of 2011 and 2012 manifested 
unusually high rainfall and hence the figures were significantly higher than proceeding 
years. 

It should be noted that more night surveillance was conducted in the rainy season due 
to the increase in snail populations and available resources. 

Table 5. Difference of snails between dry and wet seasons 

Year 2009 2010 2011 2012 
Difference in 
snail 
populations 

3654 9286 7489 3696 

Field Sanitation 

This exercise enhanced the effectiveness of the baiting operation. In 2011 and 2012 
areas where field sanitation exercises were conducted there were longer periods 
between re-infestations and lower populations if occurred 

Public Awareness 

The following table reveals the cost of advertising for 2012. This was considerably lower 
than 2011, which generated approximately $1,000,000.00. The heightened public 
awareness in 2011 was followed by increase in hotline calls. This lead to quicker action 
taken against infestations and lower populations in 2012. 
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Table 6. Composite Advertising (Jan - Dec 2012) 

Period Mode of Advertisement Cost ($) Total ($) 
Jan - Mar 2012 Television 179,173.04 226,645.04 Jan - Mar 2012 

Radio 25,047.00 
226,645.04 Jan - Mar 2012 

Electronic Board 22,425.00 

226,645.04 

A p r - J u n 2012 Television 185,437.50 209,817.50 A p r - J u n 2012 
Radio 18,630.00 

209,817.50 A p r - J u n 2012 

Electronic Board 5750.00 

209,817.50 

J u l - S e p 2012 Television 185,437.50 204,021.50 J u l - S e p 2012 
Radio 12,834.00 

204,021.50 J u l - S e p 2012 

Electronic Board 5750.00 
Oct - Dec 2012 Television 162437.50 175271.50 Oct - Dec 2012 

Radio 12834.00 
175271.50 Oct - Dec 2012 

Electronic Board -

175271.50 

J a n - S e p t 2012 Other 

Grand Total on Advertising (Jan - Dec 2012) 815,755.54 

Surveillance 

Active Surveillance was conducted in August 2012 as a response to the severe floods 
which occurred in the Diego Martin Valley. The surveillance was interrupted due to a 
lack of human resources. 

Rapid responses to the hotline calls encouraged quick eradication action in areas not 
scheduled to be monitored. The hotline calls also facilitated the detection and 
monitoring of the spread of A. fulica. The extension county offices of RAN and RAS 
have agreed to assist with conducting visits responding to calls outside of the infested 
area. However this system had not been consistent in its operation. Hence the officers 
at the Crop Protection Sub-Division completed these outstanding visits. 

The introduction of aggressive advertising was generally followed by an increase in 
hotline calls and email responses. By the end of 2012 there were no outstanding snail 
calls to be serviced. 

Total Hotline Calls from 2008 to 2012:-

• 4238 calls were received 
• 4238 calls investigated 
• 157 calls positive (all within Diego Martin Valley) 
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GAS Hotline calls received from index to December 31st 2012 

2008 2009 2010 2011 2012 
Calls 16 852 1587 1070 713 
received 
Calls 16 852 1587 1070 713 
investigated 
Positive 0 23 20 43 71 

Legislation 

Due to the lack of staffing in the Legal Department attached to MFPLMA, efforts to 
complete the appropriate legislation were delayed. Liaison with the Legal Advisor was 
re-established and a cabinet note was drafted and submitted to the Legal Department 
for appropriate action. The outstanding proclamation remained crucial to establishing 
pest free status according to ISPM #4 and to support the eradicating the A. fulica. 

National Task Force 

A National Task Force for giant African snail was established and mandated to expedite 
matters relating to the eradication of this pest. Eight meetings were conducted to date. 
The Task Force comprised of representatives of the Ministry of Food Production 
(Research, Regional Administration North, Regional Administration South, Planning, 
Extension Training and Information Services, Animal Health and Cooperate 
Communications) External members included Forestry Division (Ministry of 
Environment), the Diego Martin Regional Corporation (DMRC) and CEPEP. 

Through the Task Force Committee collaborations were established with DMRC which 
facilitated the clean up programmes after flooding and field sanitation exercises. 

SUMMARY OF EXPENSES FOR GAS ERADICATION PROGRAMME 2009 - 2012 
(TT) 

Average Annual Cost of Bait $ 350,000.00 
Average Cost of Material (Field Materials; PPE, Pesticide 
Applicators, Stationery) $ 200,000.00 
Average Annual Cost of Labour (Hiring of 2 contract 
workers) $ 120,000.00 
Average Annual Cost of Public Awareness $ 850,000.00 
Total Ave. Annual Expenses for period 2009 - 2012 $ 1,520,000.00 
Total Expenditure 2009 - 2012 $ 6,080,000.00 
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Immediate to Short-Term Recommendations 

Maintain Night Surveillance 

This activity is vital to eradication as the snail is a nocturnal creature, hence more 
specimens would be collected during this time. Additionally, some residents would be 
available after working hours and the eradication team can gain access to more 
properties. 

Maintenance Teams 

The partnering with URP to provide teams to assist with the cutting and pesticide 
application on overgrown lots is crucial to treat with existing and latent snail populations. 
Due to its prolific nature it is important to swiftly implement eradication applications on 
all potential sites. Often overgrown lots which protect the snails from baiting and 
collection serve as sources for future outbreaks and spread of the pest. This can nullify 
the effectiveness of the previous eradication activities. 

Increase in Staff 

Human resource shortages has affected the implementation of the programme. Four 
staff members (2 Agricultural Officers I, 1 Agricultural Assistant 1, 1 Agricultural 
Assistant II) have been promoted or reassigned out of the GAS programme. In effect, 
the GAS Eradication Team is severely short staffed. The hiring of contract workers has 
been included in the budget for this programme and employment of contract workers or 
OJTs is greatly needed to augment the activities of the programme. 

Enhanced Public Awareness 

It has been advised by the previous Corporate Communication Director, the GAS 
Eradication Team and several communications specialists that new television and radio 
advertisement need to be produced. The current advertisement had been airing for 
three (3) years and a new one should include updated information as well as a human 
element which can impact on the viewing audience. 

Comprehensive Survey 

Since the floods of August 2012 and the potential movement of snails to uninfected 
areas, the GAS Eradication Team embarked upon a comprehensive survey of the Diego 
Martin Valley in September 2012. The surveillance operation was halted as it was 
difficult to conduct the survey and the eradication programme simultaneously. It is 
advised that the survey be completed with the hiring of temporary teams. 
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Economic Analysis 

An economic impact analysis of the GAS Eradication Progtramme is required to assess 
the feasibility of the programme and its potential to continue, in the light of the heavy 
recourses administered. 

Conclusion 

The giant Africans snail is still confined to the Diego Martin Valley, 4 years and 3 
months after being discovered in Trinidad, October 2008. Dr. Coupland in his report of 
2011 referred to this accomplishment as significant and presents a positive outlook for 
eradication. The reduction of snails collected in 2012 by 50% of 2011 is encouraging, 
especially following a trend which displayed an annual increase. 

In concurrence with the recommendations of Dr. Coupalnd's report, The Task Force 
Committee agreed that the components of the GAS progemme should be intensified "in 
a push towards eradication" (Coupland 2011). In 2013 an economic analysis is to be 
conducted on the GAS Eradication Programme. This will not only access the feasibility 
of the project but inform on future work and the continuance of the programme. Further 
annual decreases in snails collected points towards greater potential for zero 
populations. According to USDA recommendations to declare eradication of the giant 
African snail there needs to be an absent of snails for two years, during continued 
monitoring. 
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BUILDING A BIOLOGICAL CONTROL PROGRAM FOR HARRISIA CACTUS 
MEALYBUG, A MULTI-NATIONAL APPROACH 

M. Ciomperlik1, J. Rodrigues2, A. Ramirez3, I. Gibbs4, J. Briano5, and G. Logarzo5. 
1 USDA APHIS PPQ CPHST Mission Laboratory, Texas, 2University of Puerto Rico, 
Puerto Rico, 3Oficina Estatal de Muestreos, Puerto Rico, 4Ministry of Agriculture, 
Barbados, 5Fundaciôn para el Estudio de Especies Invasives, Argentina 

ABSTRACT: Harrisia Cactus Mealybug - HCM (Hypogeococcus pungens Hemiptera: 
Pseudococcidae) is a severe pest of columnar cacti worldwide and is a major threat to 
endangered endemic cacti in Puerto Rico and possibly the ornamental industry in the 
mainland US. Large natural cacti habitats in Puerto Rico have been severely affected 
by what appears to be a unique genotype of the pest, which is apparently genetically 
distinct to species haplotypes occurring elsewhere, including Florida. Studies are 
currently underway to collect populations of HCM from Puerto Rico and to compare 
them both morphologically and genetically to a diverse collection of populations made 
throughout Argentina, Barbados, Florida, and Hawaii. To date, field studies in Puerto 
Rico, Barbados, and Florida have shown that one primary parasitoid has been found 
attacking HCM. The most numerous parasitoid identified is Leptomastidea sp. 
(Hymenoptera: Encyrtidae). Comparisons of these populations using ITS and COI 
genetic regions showed eight distinct and seven distinct haplotypes respectively, 
however, haplotype frequencies were similar suggesting no reproductive isolation and 
low genetic differentiation between the populations. Classical taxonomic studies are still 
pending that will compare the Caribbean populations to Leptomastidea antillicola 
(Dozier, 1937), a single male type specimen held in the US National Museum (Cat No. 
51762), originally reared from Pseudococcus virgatus on guava. The program to build a 
biological control program for HCM involves scientists in Puerto Rico, the mainland US, 
Barbados, and Argentina. By teaming scientists with experience in biological control, 
molecular diagnostic methods, classical taxonomy, and experts in HCM distribution, 
host range, and biology the program becomes more robust, and accomplishes tasks 
that would otherwise be nearly insurmountable. 

Keywords: Biological Control, Mealybug, Cactus, National. 

536 



Proceedings of the Caribbean Food Crops Society. 49:435-440. 2013 

LABORATORY PRODUCTION OF RED PALM MITE RAOIELLA INDICA HIRST 
(ACARLTENUIPALPIDAE) AND THE PARASITOID AMBLYSEIUS LARGOENSIS 
(ACARI: PHYTOSEIIDAE) IN TRINIDAD 

P. Ram1, C. Lakhan1, A. Sujatha2, J. Lawrence3, and B. Lauckner3. 1 Research Division, 
Ministry of Food Production, 21 TEC Programme, 3 Ca rib bean Agricultural Research 
Development Institute, Trinidad and Tobago 

ABSTRACT: The Red Palm Mite Hirst (Acari: Tenuipalpidae) a pest of Asian origin was 
reported in Trinidad in 2006. Through the Indian Technical and Economic Cooperation 
Programme laboratory protocols were developed for rearing Amblyseius largoensis 
(Acari: Phytoseiidae) a predatory mite of the Red Palm Mite Raoiella indica Hirst (Acari: 
Tenuipalpidae) (RPM) in Trinidad . This paper focuses on two methods developed and 
adapted to facilitate production under local conditions for augmentative field releases. 
These methods include rearing the natural enemy on RPM infested coconut seedlings 
and on coconut pinnae in containers. 

Keywords: Red Palm Mite, Raoiella indica, Natural Enemy, Predatory Mite, Laboratory 
Production, Amblyseius largoensis, Trinidad. 
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THE OCCURRENCE OF PESTS AND DISEASES ON COCONUT (COCOS 
NUCIFERA) AND OTHER PALMS SPECIES (ARECACEAE) IN TRINIDAD AND 
TOBAGO 

F. Hosein and M. Fortuné. Research Division, Ministry of Food Production, Trinidad and 
Tobago 

ABSTRACT: During field investigations of estates and farmers holdings a number of 
economically important pests affecting health of coconut and other palms were 
recorded. Red Ring Disease (complex of Rhynchophorus palmarum (Coleoptera) and 
the nematode Bursaphalenchus cocophilus: Aphelenchida) was most significant with 
plant loses ranging from 2.0 - 75%. Red Palm Mite, Raoiella indica (Tenuipalpidae) was 
associated with approximately 50% reduction in yield and premature yellowing and leaf 
necrosis, Coconut mite (Aceria guerreronis (Eriophyidae) reduced copra yield, the 
number, size and marketability of water nuts. Spider mite, Tetranychus urticae, 
(Tetranychidae), Coconut scale, Aspidiotus destructor, and snow scale, Unapsis citri, 
thread scale; Ischnaspis longirostris (Diaspididae) were also common foliage pests. 
Other foliage pests included: Palm aphids (Cerataphis sp., Aphididae), White flies, 
Aleurodicus sp., (Aleyrodidae), Mealybugs (Pseudococcidae), plant hoppers - Myndus 
crudus (Fulgoroidae: Cixiidae), sesile brown scale, Eucalymnatus tesselatus 
(Coccidae), wax scale, Ceroplastes sp., (Coccidae), and soft scale, Vinsonia stellifera, 
(Coccidae). Defoliating pests included the caterpillars of Brassolis sophorae 
(Lepidoptera: Nymphalidae), Automeris sp., (Lepidoptera: Saturniidae) and the Moruga 
grass hopper, Tropidacris cristata, (Orthoptera). Larvae of Bactrachedra nucifera 
(Lepidoptera) were associated with damage on floral parts of coconut inflorescences. A 
number of indigenous and exotic palms were also affected with scales and palm aphids. 
Chrysomphalus sp., (Diaspididae) was a major foliage pest on young plants of Dypsis 
lutescens and Moriche palm (Mauritia flexuosa). Pachymerus cardo (Bruchidae) 
predated on seeds of crocoite (Attalea maripa) and up to 50% seed infestation occurred 
on Clmbing Pic-moc (Desmoncus orthacanthos). An eriophyoid mite infestation resulted 
in severe yellowing and necrosis of leaves on Climbing picmoc (Desmoncus 
polyacanthos) and Cocorite. In the Nariva swamp, the plant parasitic nematodes 
Longidoridae, Tylechorrhynchus annulatus, Heliciotylenchus sp., and Hemicylophora 
sp., were found associated with indigenous palm species. Additionally, the fungal 
pathogen, Bipolaris sp., also caused seedling blight of Royal Palm (Roystonea 
olerecea). The natural enemies, Chilocorus sp., Cycloneda sanguinea, Cryptognatha 
nodicep (Coleoptera), predatory thrips, Aleurodothrips fasciapennis (Thysanoptera), 
predatory mites, Amblyseius largoensis (Phytoseiidae), lacewing, Cereaochrysa sp. 
(Chrysopidae) and snout feeding mites, Bdella sp. (Bdellidae) were found associated 
with pests of palms. 

Keywords: Arecaceae, Palm Pests, Coconut Mites, Red Palm Mites, Mites, Cocos 
Nucifera, Coconut, Palm Species, Nematodes, Diseases, Natural Enemies. 
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FAO RESPONSE TO THE BLACK SIGATOKA DISEASE PROBLEM IN THE 
CARIBBEAN 

V.F. Lopez1 and L. Perez-Vicente2. 1 Plant Production and Protection Officer, Food and 
Agriculture Organization of the United Nations (FAO), Sub-Regional Office for the 
Caribbean, Barbados; 2Senior Plant Pathologist, Instituto de Investigaciones de 
Sanidad Vegetal (INI SAV), Ministry of Agriculture, Cuba 

ABSTRACT: Black Sigatoka disease (BSD), caused by Mycosphaerella fijiensis, is 
considered to be the most widespread and destructive disease of banana. The first 
outbreak in the Caribbean occurred in Cuba in 1991, and subsequently spread 
throughout the region. In all affected countries, BSD has had serious economic, social 
and environmental impact, causing yields losses of 30-50 % and significant (nearly 
25%) rise in production costs. Five recently-affected countries (Dominica, Grenada, 
Guyana, St. Lucia and St. Vincent and Grenadines) requested technical assistance from 
the Food and Agriculture Organization (FAO) to carry out an assessment of ongoing 
national management programmes. A Regional Project was formulated accordingly 
under the Technical Cooperation Programme (TCP). Titled Development of Integrated 
Programmes and Action Plan for Black Sigatoka Management in five countries of the 
Caribbean, the project had four outputs, key among them being the formulation and 
endorsement, in each country, of a comprehensive National Management plan. The 
project had the endorsement and support of all Regional partners. The activities were 
undertaken by an Expert Consultant from Cuba between June and December 2012. In 
each country, the Consultant conducted an assessment of the existing management 
practices, benchmarked against well-studied and scientifically-sound practices. 
Recommendations made to fill the gaps formed the basis of the National Actions Plans 
for each of the five countries. Activities that could be undertaken at the Regional level 
were extracted from the National Plans and were included in the Regional Action Plan. 
Six draft proposals were also prepared (five National and one Regional). It is anticipated 
that the proposals will assist the countries and the Regional partners in mobilizing 
resources (both existing and potential) towards the long-term, sustainable management 
of BSD in the Caribbean. 

Introduction 

Globally, banana and plantains (Musa spp., AAA, AAB and ABB) are cultivated in more 
than one hundred countries. Approximately 107 million tonnes of bananas are produced 
on 5.3 million ha of land and 37.7 million tonnes of plantains on 5.1 million ha (FAOStat, 
2011). Both crops are economically important for their contribution to the gross 
domestic product (GDP), exporting 18.7 million tonnes worth nearly USD 9 billion 
(FAOStat 2011) and as cash crops; 41-69% of total production is locally consumed. 
Thus, both bananas and plantains are principal staple foods for more than a hundred 
million persons in Asia, Africa and Latin America (Frison and Sharrock, 1998) and play 
an important social, cultural and political role in many rural communities. The imports to 
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the European Community and United States of America reached 7.8 million tonnes in 
2007 (Loeillet, 2008). The current banana and plantain cultivars domesticated and 
planted in large acreages are hybrid polyploids from two wild diploid Musa species, 
Musa acuminata (AA) and Musa balbisiana (BB) (Stover and Simmonds, 1978). 

Two leaf spots affect banana and plantain production tropical and subtropical America: 
yellow Sigatoka (YSD) caused by Mycosphaerella musicola and black Sigatoka (BSD) 
caused by M. fijiensis. Both diseases infect the leaves, reducing the plant's 
photosynthetic capacity and negatively affecting the size and weight of bunches. 
Premature ripening of fruit occurs as result of infected leaves, leading to rejection of 
exported fruit. The economic impact of the diseases is due to increased protection costs 
and production losses. Mycosphaerella spp. produce two types of spores: conidia 
(asexual) and ascospores (sexual) that under favourable humidity conditions, can infect 
the youngest leaf on the plant. These spores are the main source of dissemination 
between plants and fields. However, the introduction of infected leaves and planting 
material are the primary mode of dissemination among distant regions and countries 
across the world. 

YSD was introduced and spread in the Americas during the late 1930s (Wardlaw, 
1972). It seriously affects Cavendish cultivars (AAA) which require fungicide treatments 
for control, but cultivars with the M. balbisiana genome (AAB and ABB) are in general 
resistant and can be cultivated without fungicides (Vakili, 1968; Pérez et al., 1981). The 
need for fungicide treatments for M. musicola control results in significant economic 
losses to the banana export industry. BSD is considered among the top ten most 
dangerous diseases to food security (Pennisis, 2010) and is by far the most widely-
distributed, destructive and important diseases of banana. Mycosphaerella fijiensis is 
much more aggressive, has a shorter cycle than M. musicola (shorter incubation and 
transition period), produces 3-4 times more inoculum than M. musicola under the same 
conditions and very severely infects not only Cavendish banana but also plantains 
(AAB). In most cases, BSD displaces YSD in a period of three years (Pérez et al., 
2002). In all affected countries, BSD has had a serious economic, social and 
environmental impact, causing yields losses of 30-50 % and significant rise in protection 
costs (up to 25 % of total production costs; Pérez et al., 2002; Guzman et al., 2013). As 
a result, banana and plantain farms are frequently abandoned. Since the fungus 
produces large amounts of spores that are readily spread by wind, the abandoned fields 
and unprotected backyards are important inoculum sources to neighbouring commercial 
banana and plantain fields. Mycosphaerella fijiensis has a great capacity of adaptation 
to the external environmental pressures, including fungicide applications. BSD 
management is 3-4 times more expensive than for YSD, since more fungicide 
interventions are required. 

BSD was introduced in Honduras in the late 1960s and the first epidemic was reported 
by 1972 (Stover and Dickson, 1976). Within ten years, the disease spread from Mexico 
to Ecuador due to the movement of infected leaves used for different purposes. The first 
outbreak in the Caribbean was in Cuba in 1991 (Vidal, 1992) and thereafter in Jamaica 
(1995), Dominican Republic (1996), Haiti (1999), Trinidad and Tobago (2003), Bahamas 
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and Puerto Rico (2004), Grenada (2005), Guyana (2008), St. Vincent and Grenadines 
(2009), St. Lucia (2010), Martinique (2011) and Guadeloupe and Dominica (2012). 

In the Caribbean, the banana industry has traditionally been the economic backbone of 
four countries of the Organization of Eastern Caribbean States (OECS) - Dominica, 
Grenada, Saint Lucia and Saint Vincent and the Grenadines, while plantain production 
in Guyana accounts for a major share of the local food basket and intra-regional trade. 
The banana and plantain industry is thus a key source of rural employment and a 
contributor to the overall national development in these five countries. The banana 
industry has, however, been severely challenged over the past few years, already 
grappling with natural disasters (hurricanes, floods, drought) and YSD. It has been 
unable to compete with the low cost of production in other regions (e.g. Central 
America, Africa) for its exports to the United Kingdom (UK) and the European Union 
(EU). A number of interventions have been initiated by the EU in an effort to mitigate 
some of the resulting negative impacts on the livelihoods of small farmers. These 
include the Special Framework for Assistance (SFA) (1999-2008) and the Banana 
Accompanying Measures (BAM) (2010-2013), as well as the participation of banana 
grower associations (Dominica, Saint Lucia, Saint Vincent and the Grenadines) in Fair 
Trade Agreements. The banana producers already burdened with requirements for 
compliance with the export certification standards viewed BSD management as yet 
another, additional challenge. 

Within 3-4 years of the introduction of BSD, there was a 90-100% reduction in banana 
and plantain exports from the five countries. The Governments requested support from 
FAO (and other regional organizations) for technical assistance to develop integrated 
programmes and action plans, resulting in a holistic and cost effective BSD 
management strategy. In order to effectively manage the delivery of assistance 
requests from the affected countries and avoid duplication, the regional/international 
institutions comprising FAO, the Inter-American Institute for Cooperation on Agriculture 
(IICA), the Secretariat of the Caribbean Community (CARICOM) and the Caribbean 
Agricultural Research and Development Institute (CARDI), worked together to develop a 
coordinated response. Accordingly, FAO sought funds for a project under the Technical 
Cooperation Programme (TCP), with the Ministries of Agriculture, IICA and CARDI as 
the main supporting partners and small producers in the region as beneficiaries. The 
assistance was approved in May 2012 as TCP-SLC-3402, Development of Integrated 
Programmes and Action Plans for Black Sigatoka Management in five countries of the 
Caribbean. The project activities began in June 2012 and ended in July 2013. The 
Ministry of Agriculture in each of the five countries was designated the counterpart 
agency for project implementation. 

The overall objective was assist with the development of a programme for the effective 
management of Black Sigatoka Disease at the national level in the five participating 
countries and for coordination at the regional level. This objective was to be achieved 
through three main outputs: 
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- For each country, the formulation and endorsement of a comprehensive 
integrated BSD management programme and an action plan for its 
implementation 

- Formulation and endorsement of a comprehensive regional integrated 
management programme for BSD and an action plan for its implementation 

- Development of draft funding proposals for presentation to external donors 

The planned activities were completed and the above outputs were achieved by 
December 2012. Savings made during project implementation were used for regional 
capacity building in keeping with the overall project objectives. This output, a regional 
training course: Biological methods for monitoring fungicide resistance on 
Mycosphaerella fijiensis populations, was hosted by the Government of Dominica from 
17-22 June 2013. 

Results 

Activities Carried out Under the Project are Presented Below 

An expert consultant from Cuba carried out the necessary activities during three 
missions: July 2012, August-September 2012 and June 2013, respectively. Prior to the 
first mission, the consultant drafted a technical manual: A holistic integrated 
management approach to control Black Sigatoka Disease of banana caused by 
Mycosphaerella fijiensis (Pérez, 2012). The manual was fine-tuned during the in-country 
missions and finalized and distributed in September 2012. Prior to the third mission, the 
consultant prepared a manual on fungicides and fungicide resistance monitoring in 
banana (Pérez, 2013), which was used extensively during training in June 2013. 

Development of a National Integrated Management Programme and Action Plan 

During the first two missions, the consultant spent one week in each country and 
conducted an assessment of the current status and control measures for BSD, which 
were benchmarked against the following recommended, science-based practices and 
used for BSD management in many countries in the region (e.g. Cuba, Belize and 
Costa Rica): 

- area-wide implementation of management practices, aimed at elimination of 
inoculum; 

- cultural practices (nutrition, water management); 
- use of organic amendments; 
- field sanitation; 
- monitoring and bioclimatic warning systems for decision-making; 
- chemical control: fungicides use and fungicide resistance monitoring; 
- spraying technology and operation; 
- use of resistant cultivars. 
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In each country, the consultant held discussions with key people from the public and 
private sectors. On field visits, he met with farmers and farm workers to obtain 
information on banana and plantain production, the impact of BSD, national BSD 
management programmes, cropping and disease management practices and technical 
and socio-economic constraints to BSD management. The consultant developed a draft 
action plan to fill gaps identified during the analyses of the information obtained. The 
results of the assessment and the draft action plan were shared at a national 
stakeholder workshop and at debriefing sessions with Ministry of Agriculture authorities 
(Permanent Secretary, Director of Agriculture, technical officers). A total of 191 
participants attended the national stakeholder workshops in the five countries 
(Dominica: 54; Grenada: 34; Guyana: 33; Saint Lucia: 42; Saint Vincent and the 
Grenadines: 28). Feedback from the stakeholder workshop and the debriefing session 
was used to finalize the national action plans, which were formally submitted to the 
respective governments in October 2012. 

Development of Regional Integrated Management Programme and Action Plan 

During the last week of his second mission (15-22 September 2012), the consultant 
formulated a regional action plan based on activities from the national action plans that 
would be better addressed at the regional level. The consultant prepared for the 
Regional Stakeholder Consultation held in Barbados on 20 and 21 September 2012. 
Participants at the Consultation comprised two delegates from each of the five 
beneficiary countries and representatives from the Secretariats of CARICOM and 
OECS, IICA, CARDI (Dominica and Trinidad and Tobago), CIRAD-Martinique, Banana 
Board Jamaica, and Ministry of Agriculture, Trinidad and Tobago. On Day 1, the country 
delegates presented their respective action plans for feedback from other participants 
and reviewed the activities. They identified the resources required to implement the 
plan. On Day 2, participants reviewed the regional action plan (prepared by the 
consultant), and identified the activities and resources. Based on the feedback received, 
the consultant finalized the plan, which was formally submitted in December 2012 to the 
national governments and to all the partner agencies that had participated in the 
regional consultation. 

Summary of Assessments and Proposed Action Plan at National and Regional 
Levels 

The following is a summary of the assessments and the proposed action plans at the 
national and regional levels. 

At the national level, key constraints to Musa spp. production in all five countries 
included: 

• Natural disasters - hurricanes, floods and drought 
• Low productivity / low bunch yield 
• Insufficient inputs 
• Lack of alternatives to fertilizers and pesticides 
• Delays in weed control 
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• Lack of production and certification of planting materials 
• Phytotoxicity due to high rates of oil 
• Insufficient or lack of applied research and innovation 

Most farms comprised of small properties (1.5-2.0 ha), close to communities. Planting 
material used was often of poor quality. Many farms suffered from severe Cucumber 
Mosaic Virus (CMV) infections due to intercropping with solanaceous and cucurbit crops 
and delay in removal of weeds (Commelina spp.). Together with insufficient fertilizer use 
as well as lack of organic amendments, this resulted in poor plant growth and nutritional 
deficiencies. Cost of management increased significantly due to increased level of 
fungicide application. In several islands, irregular topography made it difficult to apply 
the regular treatments necessary to keep BSD in check. High rainfall, particularly during 
the rainy months, resulted in high levels of infection (on the leaves) in the field and 
severe crop losses due to significant reduction in the level of fruit production (from 
reduced leaf production). Severe BSD infections led to early ripening of fruit, which were 
rejected for export. Many fields are either abandoned or not taken care of (except to 
reap available bunches for the local market). These fields became a source of infection 
to neighboring farms for BSD and other pests. 

Use of mineral oil, by itself or as an adjuvant, had some advantages, including 
fungistatic effects, better penetration into the leaf and less evaporation, and improved 
extension of the newly-emerging leaf. However, if used frequently at high rates, it is 
phytotoxic and affects photosynthesis, delaying fruit development. 

Key elements included in the national plan were: 

• Allocation of emergency funds for immediate use: fungicide, oils, herbicides, 
labor etc. 

• Capacity building and institutional strengthening of support agencies, 
governmental and non-governmental, in order to better assist the farmers 

• Review and enhancement of legal frameworks (prevention, dissemination and 
management) 

• Projects to introduce varieties, technologies, cropping practices and pest 
management in Musa and associated crops 

For improved crop production, the following recommendations were included in the 
action plan: 

• Improved cropping practices 
• Compost production to improve soil pH and fertility to fulfill nutritional needs of 

plants 
• Rigorous implementation of field sanitation practices 
• Use of bio-climatic warnings to facilitate timely area-wide BSD management 

- Improved network of climatic recorders at local level 

5** = some or all of these activities could be carried out at the regional level 
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- Acquire equipment (pluviometers, evaporimeters, GPS, shelters and 
computers) for climatic network 

• Production and use of entomopathogens (Beauvaria bassiana and Metarhizium 
anisopliae) for other pests 

- Recruitment of a consultant for capacity building in production 
technologies 

- Acquisition and introduction of isolates of B. bassiana and M. anisopliae 
- Infrastructure: Laboratory for production, as well as materials and 

equipment 
• Spraying needs (materials and equipment) 
• Fungicide and fungicide resistance assessment protocols and data interpretation 

(see section - Regional capacity-building activity) ** 
- Training of two technicians from each country (see section- Regional 

capacity-building activity) 
- Acquisition of supplies and equipment 

• Resistant hybrids cultural production packages2** 
• Participatory breeding for improved yields2** 
• Programs for production of high quality planting material**2 

- Improve disease diagnostic indexing and quarantine facilities for exchange 
of clean, disease-free germplasm 

- Two approaches: 
• Develop/improve diagnostic and quarantine facilities at country 

level 
• Develop a quarantine/ facility at regional level 

- Development of protocols for safe exchange of tissue culture materials 

Preparation of Draft Proposals for Resource Mobilization 

After completion of the second mission, the consultant drafted proposals using 
information from the country missions and the national action plans. A framework was 
developed under an integrated pest management (IPM) programme for the 
implementation of activities at the national and regional levels and their specific 
requirements (human, technical, material). Based on a request from the beneficiary 
countries, the consultant included a table in each national proposal, outlining the budget 
required for the annual crop protection costs for effective management of BSD. The 
draft national proposals were formally submitted to the governments in December 2012. 

Along the same lines as the national proposals, the consultant drafted a regional 
proposal, which was shared with the national and regional partners in December 2012 
for use in their resource mobilization efforts. 

Regional Capacity-Building Activity 

As indicated earlier in this paper, among the several recommendations in the regional 
action plan, one activity was considered key: Systematic assessment of fungicide 
sensitivity of M. fijiensis populations in a network of sites, with hands-on training for 
plant pathologists in theoretical and practical aspects of fungicide resistance tests 
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(benzimidazole, DMIs, amines strobilurine). The science-based rationale for this 
recommendation was: 

- M. fijiensis is a heterothallic fungus with a high capacity for recombination and 
adaptation to environmental changes; 

- the Musa - M. fijiensis pathosystem is continuous in space and time, which 
poses the risk of rapid adaptation of the fungus to change under high selection 
pressure; 

- acquisition of resistance to key fungicides in use has been a common feature in 
all countries managing BSD and has an important socio economic impact; and 

- systematic monitoring of M. fijiensis population sensitivity to fungicides is a 
principal component of integrated BSD management. 

Accordingly, regional capacity building was planned and held in Dominica from 17-
22 June 2013, facilitated by the expert consultant from Cuba. All outputs of the 
workshop were accomplished in accordance with the consultant's terms of reference 
and the work plan. 

Conclusions 

The project achieved its key objective of assisting the beneficiary countries with the 
development of national and regional programmes for the effective management of 
Black Sigatoka Disease, and action plans for their implementation. In addition, the 
beneficiary countries and regional partners were provided with draft proposals for 
resource mobilization. Additional capacity building was accomplished using savings 
accrued during implementation of the project activities. 

The regional consultation brought together experts and partners from the region, 
resulting in viable working relationships being built at several levels. It is anticipated that 
these will continue well beyond the end of the project. 

Recommendations 

The national assessment provides a baseline of current BSD management against 
which the countries need to measure progress made under each component of the 
integrated management programme. The action plan provides a road map for the way 
forward, with a list of activities that should be carried out to achieve the specific, desired 
outputs. Several recommendations such as the area-wide implementation of 
management practices, field sanitation, cultural practices (water, nutrition) and 
improvements to spraying technology and operations can be carried out forthwith with 
existing resources. 

In this regard, it is critical that, utilizing the training provided in June 2013, countries 
urgently establish a baseline of the sensitivity of the fungus to currently used chemical 
pesticides. This will assist the decision-making process resulting in the judicious and 
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informed rotation of pesticides, will reduce the risk of build-up of resistant populations 
and lengthen the effective life of the chemicals. 

Other practices such as the use of organic amendments and alternate cropping 
practices (to reduce dependence on agro-chemical inputs and improve soil biology for 
the sustainability of the agro-ecosystem) and bioclimatic warning systems may require 
additional capacity building and procurement of equipment and materials. Resource 
mobilization efforts in the short to medium term, i.e. over the next few weeks and 
months, should, therefore, focus on these components. 

Finally, over the long term, the procurement, testing for productivity and adaptation, and 
planting of BSD-resistant and or tolerant cultivars should be carried out to ensure the 
production of bananas and plantains for food security and nutrition. It has been noted 
that in most countries, farmer and consumer acceptance of new varieties of plantains 
and bananas has proved challenging. This is because of the sometimes striking 
differences in the size and shape of bunches and fingers, ripening, marketability, colour 
of skin and pulp, cooking time, appearance and colour of cooked products, taste and 
texture as compared to traditional varieties. Most popular BSD-resistant and tolerant 
varieties currently in use in Jamaica and Cuba are high-yielding and amenable to 
cooking and processing into chips and flour for baby-food, cakes, confectionery and 
cereals. It is, therefore, essential that necessary sensitization and awareness-raising be 
undertaken with all relevant stakeholders with regard to the importance of these 
varieties in the context of food and nutrition security both within the country and the 
Caribbean region. 

FAO will continue to work closely with all its partners towards fostering a region-wide, 
collaborative approach in the fight against BSD in the Caribbean. 
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WEEVIL PESTS OF ECONOMICALLY IMPORTANT CROPS IN THE CARIBBEAN 
PATHWAYS 

M. Haseeb, 0. Dosunmu, and L.H.B. Kanga. Center for Biological Control, College of 
Agriculture and Food Sciences, Florida, United States of America 

ABSTRACT: Numerous weevil species are serious pests on agricultural crops in the 
Caribbean Countries. These pests include native and exotic weevil (Coleoptera: 
Curculionoidea) species. Among them, some weevil species are easy to identify and 
others need training and expertise in taxonomy in order to properly identify these pests. 
Commodity based identification and training tools are extremely important and critical. 
Some of these species such as Citrus Root Weevil, Diaprepes abbreviatus were 
established in the United States several years ago and cost millions of dollars annually 
towards their control in Florida alone. Others species such as the Red Palm Weevil, 
Rhynchophorus ferrugineus, South American Palm Weevil, R. palmarum, Jamaican 
Weevil, and Exophthalmus similis are potential threat to fruits, vegetables, and 
ornamental crops. Adult of these weevils display various coloration and patterns of red, 
blue, black, green, yellow, orange, and white. Some species have more than two color 
forms; male and female weevil show drastic variations in their morphological characters. 
Regulatory agencies at the local, regional, and international levels are strengthening 
collaboration on offshore mitigation of these pests. In addition, strict enforcement of 
regulatory guidelines and procedures are being adopted at the ports of entry into the 
United States. Therefore, identification and screening of these species and other 
potential crop pests is critically important for food security in the region. Collaboration 
and linkages to train students and professionals at the regional and global level are on-
going. In addition, efforts are underway to evaluate these species based on their 
morphological characters and molecular based fingerprinting. Because several 
Caribbean Countries are important trade partners and also play very significant role in 
tourism, monitoring the movements of these species in several conventional and non-
conventional pathways is critical to successful mitigation of these species in the 
Caribbean Countries and the United States. 

Keywords: Weevil, Pest, Agriculture. 
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BIOLOGICAL CONTROL OF ROOT-KNOT NEMATODE (MELOIDOGYNE 
INCOGNITA) IN SWEET PEPPER USING NEMAX AND BIO NEEM 

E.S. Bartholomew1, R. Baah2, R.A.I. Brathwaite1, and W.A. Isaac1. 1 Department of Food 
Production, The University of the West Indies, St. Augustine, Trinidad and Tobago. 
2Caribbean Chemicals and Agencies Limited, El Socorro, Trinidad and Tobago 

ABSTRACT: The root-knot nematode (RKN) Meloidogyne incognita, is a devastating 
parasite to sweet pepper and is responsible for yield losses up to 15%. RKN is usually 
controlled by applying synthetic nematicides which have severe negative effects on 
human health and the environment. These nematicides have been banned from use 
and producers now seek alternative eco-friendly nematode management strategies. A 
greenhouse study was conducted to determine the optimum effective doses of NeMax 
(sesame extract) and Bio Neem (neem extract), and to compare them with Vydate L to 
evaluate their efficacy at controlling RNI in sweet pepper. From the results, all 
nematicides caused a reduction in R. similis population density. NeMax at high rates (80 
ml/L) was comparable to Vydate L at reducing RKN by over 80% in the roots (P < 0.05). 
Bio Neem at recommended rates (15 ml/L) was effective at reducing RKN by 52% in the 
roots and its efficiency in the soil was comparable to NeMax. Vydate L had the fastest 
knockdown rate of all nematicides but the continuous nematoxic and nematostatic 
effects of NeMax and Bio Neem prolonged the reoccurrence rate of RKN. The 
advantages of using these bio-nematicides and their effects on sweet pepper production 
are discussed. 

Keywords: Bio-nematicide, Meloidogyne incognita, neem, sesame, sweet pepper. 

Introduction 

In Trinidad, sweet pepper (Capsicum annuum L.) is an important crop that is produced 
for local markets and regional export (Ramdial and Rampersad 2010). This crop is 
adversely affected by a complex of fungi, viruses, insects and nematodes, the latter 
being an important limiting factor in greenhouse production (Calipas 2002). Several 
nematode species adversely affects sweet pepper but the root-knot nematode (RKN) 
Meloidogyne incognita, is considered the most devastating and is responsible for yield 
losses up to 15% (Ploeg 2009; Noling 1999). Second-stage juvenile (J2) RKN feeds on 
the roots causing large galls or "knots" to form throughout the root system. Severe 
infections result in reduced yields and can also affect consumer acceptance of the crop 
(Mitkowski and Abawi 2003). Infected plants are usually stunted, chlorotic, easily wilted, 
and unproductive (Olsen 2000). Effective RKN control is therefore essential for the 
survival of the sweet pepper industry in Trinidad. 

Root-knot nematode control in Trinidad has been based mainly on the use of non-
fumigant synthetic nematicides (Rosenstock et al. 1991). These products are now 
prohibited due to health concerns to production workers and their negative impacts on 
the environment (Nagaraju et al. 2010). This has intensified the search for alternative 
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forms of nematode control that is effective with low mammalian toxicity (Nagaraju et al 
2010; Mc Sorley 1996).One alternative is the utilization of plant extracts with nematicidal 
activity (Mc Sorley 1996). Studies have shown that extracts from sesame and neem 
plants have nematoxic and nemastatic effects and can disrupt nematode movements to 
the roots (Hussain et al 1984; Siddiqui and Allam 1989). However, the adoption of such 
management strategy has been met with scepticism by sweet peppers producers, 
because the efficacy of these plant extracts is still inconsistent (Villanueva 2005).The 
objectives of this greenhouse study were to determine the optimum effective dose of 
NeMax (sesame extract) and to compare it with Bio Neem (Azadirachtin) and Vydate L 
(Oxamyl) to evaluate their efficacy at controlling RNI in sweet pepper. 

Materials and Method 

A greenhouse study was conducted from January to March 2012 at a commercial 
greenhouse (10 m X 25 m) in Cumoto, Trinidad (10.6017°N, 61.2117°W). The average 
monthly temperature and precipitation at Cumoto were 26.7°C and 93.98 mm, 
respectively for the length of the study. 

Experimental Design 

The study consisted of 120 sweet pepper plants spaced 45 cm apart in six beds (20 
plants per bed). The experiment was arranged in a completely randomized block design 
with six treatments and twenty replicates, each plant being a replicate. Sweet pepper 
plants (cv. Aristotle) were utilized and no nematode pre-planting treatments was 
applied. The growing medium comprised of unsterilized Aquoxic Tropudults (55 Piarco 
loamy sand series) soil, with a CEC of 4.30 cmol/kg and a pH of 4.1. Treatments 
included three commercial nematicides: NeMax at rates of 40 ml/L, 60 ml/L and 80 ml/L, 
Bio Neem at 15 ml/L, and Vydate L at 25 ml/L, along with one controls (Table 1). 

Plants were grown in unsterilized topsoil with a moderately high nematode presence 
(estimated 400 J2 RKN per 100cc soil). Approximately 80 days after planting the 
treatments were applied at the base of each plant using a knapsack sprayer. The 
application rates and frequencies of each treatment are given in Table 1. Agronomical 
management was done according to the protocols recommended for greenhouse sweet 
pepper production, which included fertilization, irrigation, pruning and training, 
pollination, and pest and disease management (Jovicich et al. 2004). 

The number of R. similis in the roots and soil were estimated one week after treatment 
application using the extraction methodologies described by Southey (1986) for the 
roots, and Whitehead and Hemming (1965) for the soil. The R. similis density was 
estimated fortnightly for the roots and weekly for the soil. 
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Table 1: Active Ingredients, sources, application rates and frequencies of 
treatments used. 
Treatments Active Source Application Application 

Ingredients rate(s) Frequency 
Control No treatment - - -

NeMax Sesame Oil Brandt 40m l/L 3 applications @ 
Consolidated, Inc 60m l/L 7 days intervals. 

80m l/L 
Bio Neem Azadirachtin Marketing Arm 15m l/L 3 applications @ 7 

3000 ppm International days intervals. 
Vydate L Oxamyl E.I. Du Pont de 25m l/L 3 applications 

Nemours and @14 days 
Company intervals. 

Data Collection: Radopholus similis Population Density 

Procedure 

The roots were carefully washed, chopped into 1-2 cm pieces and macerated in a 
kitchen blender for 15 seconds. The soil was crushed and mixed thoroughly. The 
blender nematode filter extraction method was used to extract nematodes from 15 g of 
roots and the modified Whitehead tray method was used to extract nematodes from 200 
ml of soil (Southey 1986; Whitehead and Hemming 1965). The extracted solutions 
were then decanted and passed through a 25-μηΊ sieve. The collected nematode 
sample was identified and counted in three 1-ml aliquots out of a 20 ml aqueous 
suspension with a stereoscopic microscope using 1 ml counting dishes. All vermiform 
developmental stages (juveniles and adults) were counted. Nematode population 
densities were log (x+1) transformed prior to analysis. 

Data Analysis 

Differences in the nematode density were analyzed with the use of analysis of variance 
(ANOVA). Prior to analyses, variables were tested for homogeneity of variances and 
normality, and data found to be non-homogenous were either Log10 (X + 1) or square 
root transformed before statistical analysis. Non-transformed means were reported in 
Figures and only significant differences (P < 0.05) will be discussed unless stated 
otherwise. All statistical analysis was performed using the statistical software Minitab® 
16.1.1 (Minitab Inc). 

Results and Discussion 

Throughout this study all nematicidal treatments caused a reduction in RKN density in 
sweet pepper roots and soil. This reduction varied significantly (P < 0.05) in response to 
different treatments. In Trinidad, synthetic nematicide such as Vydate L (Oxamyl) has 
set the benchmark for RKN control in sweet pepper production and was used in this 
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study as a standard for comparing the bio-nematicides. From the results, reductions in 
RKN in the soil were greater in plants treated with Vydate L than the bio-nematicides 
(NeMax and Bio Neem) (Figure 1). This was due to the high toxicity of Vydate L which 
was very effective at reducing RKN populations. Vydate L was also effective at reducing 
RKN in the roots and was comparable to NeMax (Figure 2). McGarvey et al. (1984) 
reported that Oxamyl if used in low concentration appears to act as a nematostat, 
protecting the roots by inhibiting the orientation or feeding ability of nematodes. 
However, the recommended concentration for Vydate L use in most crops is high 
enough to be extremely dangerous to human health and can cause phyto-toxicity in 
many crops. 

The bio-nematicides were also effective at reducing soil borne J2 RKN (Figure 1). This 
reduction may be due to the nematostatic effects of sesame extracts and Azadirachtin 
on nematodes reported by Thomson (1992). If this nematostatic effect lasts long 
enough, the nematodes may eventually starve and the mortality rate will increase. 
Therefore, the effectiveness of these nematistats depend on the length of time the 
nematodes remain immobilized and disoriented (Schomaker and Been 2006). However, 
if the concentration is suitable for RKN survivorship, the nematode can recover rapidly 
and become parasitic once again. At high concentration (80 ml/L), NeMax was effective 
at maintaining a long lasting nematostatic effect which caused an increased RKN 
mortality rate in the soil. A similar but less potent nematostatic effect was also observed 
in the beds treated with Bio Neem (Figure 1). This may be due to the low Bio-Neem 
concentration (15 ml/L), which may be effective for use as a preventative treatment but 
should be increased when used as a curative measure. 
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Figure 1 : Effect of nematicide treatments on RKN density in the soil of sweet 
pepper plants 

NeMax was the most effective at preventing RKN penetration into the roots of sweet 
pepper plants, with its efficacy being increased with higher concentration (Figure 2). 
This was due to the anti-feedant effects of sesame extracts and Azadirachtin on 
nematodes (Thomson 1992). Rehma et al. (2009) also suggested that sesame extracts 
was able to induce a defense mechanism in roots of plants causing an inhibition of 
nematodes to invade plants without directly killing the nematodes. Therefore, 
nematodes continue to exist within the soil but are unable to enter the roots. Proper bio-
nematicide application rates and frequencies are therefore needed to maintain its anti-
feedant effect as the surviving nematodes in the soil can become parasitic once again. 
Bio Neem also contains a similar anti-feedant effect but its efficacy at reducing RKN in 
the roots of sweet peppers was subpar compared to that of NeMax (Figure 2). From the 
results, a steep raise in RKN density was observed from sample 1 to 2 in plants treated 
with Bio Neem. This indicates that Bio Neem was ineffective at prolonging the 
reoccurrence rate of RKN which may be due to the low concentration used. The 
specificity of nematode control observed in bio-nematicides must also be considered, as 
certain plant extracts may have a higher potency or stronger anti-feedant, nematostatic 
and nematoxic effect on RKN that others. 
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Figure 2: Effect of nematicide treatments on RKN density in the roots of sweet 
pepper plants 

Conclusion 

This study indicates that the efficacy of certain plant extracts were comparable to that of 
Vydate L at reducing RKN in sweet peppers. Vydate L had the fastest knockdown rate 
of all nematicides but the continuous anti-feedant and nematostatic effects of NeMax 
and Bio Neem prolonged the reoccurrence rate of RKN. NeMax, at a high rate (80 ml/L), 
was effective at controlling RKN in both the roots and soil. However, the high cost per 
application of NeMax (80 ml/L) may render the treatment impractical for use by small-
scale farmers. Therefore, NeMax at high concentrations should be utilized as a curative 
measure or to supplement other cost effective nematode control strategies. Further 
research is needed to identify effective application rates of Bio Neem for use in 
greenhouse sweet pepper production. 
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EXOTIC COOL TOLERANT BACTERIAL WILT STRAINS ENTERING NORTH 
AMERICA 

D.J. Norman, A. M. Bocsanczy, A.A. Khan, and J.M.F. Yuen. Department of Plant 
Pathology, University of Florida, IFAS, Mid-Florida Research and Education Center, 
Apopka, Florida, USA 

ABSTRACT: Bacterial wilt pathogen Ralstonia solanacearum is known to infect 
hundreds of plant species including economically important crops such as tomato, 
potato, pepper and banana. The disease is widespread in tropical and subtropical areas 
of the world and with the globalization of agriculture, plant pathogens are frequently 
moved into new environments. Bacterial wilt can be disseminated via a variety of hosts 
including high dollar value ornamentals such as geranium, anthurium, and pothos. Most 
bacterial wilt strains are limited in their range by temperature; however, a concern has 
always been that cool tolerant strains of R. solanacearum might be introduced and 
spread into potato and tomato production areas in North America. Due to their potential 
to cause major economic damage, cool tolerant Race 3 Biovar 2 (R3B2) R. 
solanacearum wilt strain has been designated as a Select Agent under the U.S. 
Agriculture Bioterrorism Protection Act of 2002. Using molecular techniques and 
environmental chamber studies, we have been able to identify additional Race and 
Biovar populations of R. solanacearum that are cool tolerant and have the ability infect 
tomato under cool temperature conditions. By comparing the proteomics profile of 
different strains of R. solanacearum, including R3B2 and other strains able infect plants 
at 18°C, we have identified a number of candidate proteins with functions related to 
pathogenicity at low temperatures. We are currently comparing total genome sequences 
of cool tolerant strains to identify regions that might contribute to virulence at low 
temperatures. 

Keywords: bacterial wilt, proteomics, Ralstonia solanacearum. 

Introduction 

Agricultural globalization moves plant pathogens into new environments. Many of these 
plant pathogens are endemic to the tropical, subtropical, or temperate regions of the 
world; therefore their relocation poses limited risk to agriculture or the environment. One 
significant exception, however, is Bacterial Wilt caused by Ralstonia solanacearum 
(Smith 1896) Yabuuchi et al. 1996 (synonym Pseudomonas solanacearum). 

Bacterial wilt is a common bacterial disease in tropical and subtropical areas of the 
world. This pathogen is known to infect hundreds of plant species encompassing 44 
families (Hayward, 1991). Extensive damage to high value crops of banana, potato, 
tomato, and pepper production in warm climate regions are well documented. Most of 
the research conducted on bacterial wilt to date has been in relation to large acreage 
agronomic crops (Swanson et al., 2005; Williamson et al., 2002). Bacterial wilt strains 
are generally limited in their range by temperature; however, a concern has always 
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been that additional cool tolerant strains of R. solanacearum might be introduced and 
spread into potato and tomato production areas. 

Because of historical evidence of its ability to survive under cool climate conditions and 
its ability to devastate economically vital solanaceous crops such as tomato and potato, 
the Race 3, Biovar 2 strain (R3B2) of R. solanacearum has been designated as a 
"Select Agent" under the Agricultural Bioterrorism Protection Act of 2002. 

Strict regulations have been implemented by APHIS/USDA to prohibit disease 
establishment. Historically bacterial wilt has been disseminated via banana and potato 
propagative material (Buddenhagen, 1961; Harrison, 1961; Thurston, 1963), however; 
bacterial wilt R3B2 strains occasionally enter the United States via imported ornamental 
propagative stock. 

Pathosystems studies previously conducted on other bacterial and fungal populations 
indicated that pathogens and hosts often reach a stasis. Crops in confined areas such 
asa greenhouse or a farm may develop a tolerance or resistance to a local specific 
pathogen. A change in cultural or environmental conditions at this local level may cause 
disease to erupt, however; the primary concern is that infected propagative materials 
may appear asymptomatic. When these materials are transported across borders, 
disease outbreak may occur on a new susceptible host population. 

Among potential ornamental hosts R.solanacearum has been described infecting 
anthurium, pothos, ornamental ginger, gerbera, zinnia, salvia, verbena, heliconia, 
sunflower, and geranium (Jones, 1993; Norman & Yuen, 1998; Norman & Yuen, 1999; 
Strider et al., 1981; Williamson et al., 2002).Over the past ten years there have been a 
number of accidental introductions of R3B2 strains into the US and Canada (Norman et 
al. 2009). In all cases, crop eradication has been effective and there has been no 
confirmed spread to date in the US and Canada. 

Material and Methods 

Beginning in 2001, our research team at Mid-Florida Research and Education Center 
began a detailed study of Bacterial Wilt disease incited by R. solanacearum. The project 
objectives included developing disease control guidelines, defining population 
taxonomy, understanding virulence in cool weather conditions and examining host 
sensitivity and resistance. 

A BSL-2 Quarantine Facility was established to satisfy requirements of the USA 
PATRIOT Act of 2001 and the Public Health Security and Bioterrorism Preparedness 
and Response Act of 2002, which were enacted in the wake of the September 11, 2001 
attacks and the subsequent 2001 anthrax attacks. The facility is funded through 
ornamental plant industry donations. 

A total of 107 R. solanacearum strains belonging to diverse biovars and races have 
been collected over a 10-year period from imported propagative stock and compared 
with 32 previously characterized R. solanacearum strains. We compared populations of 
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R. solanacearum entering North America on ornamental crop material using repetitive 
PCR (rep-PCR). Using rep-PCR primers, R. solanacearum populations can be 
distinguished by biovar and, to a limited extent, country of origin and original host. We 
also used AFLP and sequence data (Cytocrome b561, Endoglucanase) to support our 
results. We started work on strains transported on nursery stock in cooperation with the 
University of Puerto Rico with funding by the USDA T-STAR program. 

Host range and pathogenicity studies were done at different temperatures with new cool 
tolerant Biovar 1 strains of R. solanacearum introduced and established in the United 
States. In order to identify factors at molecular level that allow certain strains to infect 
under cool weather conditions, a comparative proteomics study of cool virulent and non-
virulent strains was performed at two temperatures. Proteins were extracted, 
sequenced, and expression levels were compared between cool virulent and cool non-
virulent strains (Bocsanczy et al., 2010). Both secreted and cell-associated proteins 
were extracted from R. solanacearum strains growing in the rhizosphere of tomato 
seedling at both 18° and 30° C. Two-dimensional protein gels were run with strains from 
each population. DIGE2 gels were used in the protein analysis to define up regulated or 
down regulated proteins under different weather conditions (cool 18°C or warm 30°C) 
during the infection process. Over 400 proteins were sequenced and identified. 

Currently, sequencing of a cool virulent and a non-virulent at low temperature strains is 
in progress. Comparative genomics studies are expected to identify genes that may 
contribute to virulence at low temperature of the cool virulent strain. 

Research has recently been initiated in order to identify resistance genes and 
understand resistance mechanisms present in some solanaceous hosts. This research 
may provide insight into the host disease resistance process and identify pathways for 
development of disease resistant ornamental and vegetable varieties. 

Results and Discussion 

The potential movement of a systemic pathogen, such as R. solanacearum, in 
propagative material between countries has likely been underestimated. Our research 
has shown that bacterial wilt strains are frequently moved from country to country in 
propagative material. Whether strains become an established outbreak is dependent on 
enviromental factors and on host availability. In many locations throughout the world 
sanitary cropping is difficult and agrochemicals are costly. Resistant cultivars may not 
be available. If propagative crops are not examined for pathogens or are not considered 
susceptible, potential forspread is even greater. When new undescribed pathotypes of 
R. solanacearum are introduced from propagative material into new environments, the 
impact to local crops is unpredictable. 

Our rep-PCR evaluation showed that similarity coefficients among rep-PCR clusters 
within biovars are relatively low in many cases, indicating that disease outbreaks over 
time may have been caused by different clonal populations. The AFLP and sequence 
data (Cytocrome b561, Endoglucanase) confirmed these conclusions (Norman et al., 
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2009). Similarly, all introductions of R3B2 strains into North America in the last few 
years have been linked to ornamental geranium production and appeared to be clonal. 

We found evidence that new cool tolerant Biovar 1 strains of R. solanacearum entering 
the United States were genetically distinct from Biovar 1 strains currently identified 
infecting vegetable production. These introduced Biovar 1 strains targeted a broader 
host range and could infect not only tomato, tobacco, and potato but also cause 
symptoms on banana and the ornamental crops anthurium and pothos. 

We identified additional populations beyond R3B2 strains of Ralstonia that are also 
capable of infecting plants under cool weather conditions (Bocsanczy et al., 2012). Our 
proteomics study revealed approximately 100 genes whose expression was 
temperature dependent and approx. 20 proteins with differential expression in cool 
virulent strains and non-virulent ones. The comparative protein analysis provided 
evidence that regulation at low temperature of the identified proteins provides a 
competive advantage for inciting infection under cool weather condtions to cool virulent 
strains (Bocsanczy et al., submitted). This biological information on the adaptation of 
certain strains will be useful in the development of new control stratages. 
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ABSTRACT: Citrus Greening or Huanglongbing (HLB) is a devastating disease of 
citrus. All varieties are susceptible and there is no known cure for the disease. Trees 
decline to uneconomic production levels within 1-10 years, depending on tree age. HLB 
is spreading rapidly in the Americas (Brazil, United States of America, Mexico, Central 
America, Cuba, Dominican Republic, Jamaica, Belize and most recently, Dominica and 
Paraguay). The disease is vectored by the Asian Citrus Psyllid, Diaphorina citri, which is 
present in many Caribbean islands and increases the risk of introduction and spread of 
HLB. Based on a request for support from affected Member States, the Food and 
Agriculture Organization (FAO) implemented two national projects under its Technical 
Cooperation Programme (TCP). The first project in Jamaica (October 2010 to March 
2013) aimed to build national capacity to effectively respond to the HLB. The second 
project in Belize (February 2012 to July 2013) complemented ongoing activities to better 
protect the citrus industry. A third project, at a regional level, covering all the countries 
of Latin America and the Caribbean and led by the FAO Regional Office for Latin 
America and the Caribbean (RLC) began implementation in December 2012 with a 
Meeting of the Committee of Experts. This project was the outcome of a Regional 
Workshop held in June 2011 in Santiago, Chile, at which FAO was mandated to 
develop and lead a hemispheric effort for HLB management and networking. Some 
highlights of the three projects are presented. 

Introduction 

Citrus Greening or Huanglongbing (HLB) is a devastating disease of citrus (Grafton-
Cardwell et al., 2006). Its high socio-economic impact is linked to the fact that all 
species and varieties of citrus, including those belonging to the closely-related genus 
Murraya, are affected. Furthermore, there is no known cure for HLB, caused by a 
bacterium that blocks the phloem and prevents the flow of nutrients, resulting in loss of 
leaves, deformation and early drop of fruits. Trees decline to uneconomic production 
levels within 1-10 years (depending on tree age) and eventually die. The bacterium, 
Candidatus Liberibacter asiaticus is vectored by Diaphorina citri, the Asian citrus psyllid 
(ACP). In the Western Hemisphere, the ACP and HLB were both first discovered in 
Brazil, ACP in the 1940s (Costa Lima, 1942) and HLB in 2004 (Texeira et al., 2005). 
Over the years, both the vector (Halbert and Nûnez, 2004) and the disease spread to 
the major citrus-producing areas of the Americas: Belize, Cuba, Central America, 
Dominican Republic, Jamaica, Mexico, United States of America (USA) and most 
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recently (2012), Dominica and Paraguay, and is possibly present in several other 
countries of the region. 

Jamaica and Belize are two countries of the Caribbean where the citrus industry is 
socially and economically very important and where HLB was discovered in 2009 (IPPC 
2010; Manjunath et al., 2010). The estimated value of the industry in Jamaica is about 
J$4 billion, with 5,460 individuals employed on-farm and 19,500 persons along the 
value-chain. In Belize, the citrus industry is valued at USD 50 million (the highest of any 
agri-sector in that country) and supporting the livelihood of 10,000 workers and their 
families. Both countries had, in recent years, carried out extensive replanting to replace 
root stocks that were susceptible to Citrus Tristeza Virus (CTV). Many small farmers 
were still recovering from this costly and time-consuming exercise when their (mostly 
young) fruit-bearing trees became infected with HLB. 

National programmes for HLB management were initiated in both Jamaica and Belize 
and requests were made to the Food and Agriculture Organization (FAO) for assistance 
under the Technical Cooperation Programme (TCP) to fill critical gaps. Based on the 
requests, two national TCP projects were approved: TCP-JAM-3302 - Assistance to 
manage Citrus Greening in Jamaica in October 2010, with implementation between 
January 2011 and March 2013, and TCP-BZE-3402 - Assistance to manage 
Huanglongbing in Belize in February 2012, with implementation between May 2012 and 
December 2013. 

At a regional consultation held in Chile in June 2011, FAO was given the mandate to 
provide the necessary coordination for the management of Citrus Greening at the 
hemispheric level. The project, TCP-RLA-3401 - Technical Assistance for the Regional 
Management of Huanglongbing (HLB) in Latin America and the Caribbean was 
prepared in response to this mandate and implementation commenced in November 
2012. 

Results 

Activities carried out under the three projects and some of the results are presented 
below. 

Jamaica: TCP-JAM-3302 - Assistance to Manage Citrus Greening in Jamaica 

The project was implemented in conjunction with the Ministry of Agriculture and 
Fisheries (MOAF), in close collaboration with the Jamaica Citrus Protection Agency 
(JCPA) and the Rural Agricultural Development Authority (RADA). The overall objective 
was to control the spread of HLB in small farms through coordinated protection, 
mitigation and resuscitation strategies, resulting in the sustained productivity of 
orchards. This objective was to be achieved through: 

i. development and implementation of an Area-wide Integrated Management 
Strategy (AIMS), facilitating a cooperative approach to HLB management by 
geographically-connected farmers; 
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ii. improved national capability for diagnosis and detection of HLB, through 
training and upgrade of physical infrastructure; 

iii. increased capacity to produce disease-free planting material; and 
iv. contribution to the development of a public awareness campaign on HLB. 

Development and Implementation of an Area-Wide Integrated Management 
Strategy 

Two expert consultants from Florida (USA) were recruited in April 2011 and conducted 
activities during three missions (May 2011, February-March 2012 and October 2012). 
The consultants confirmed HLB's presence throughout the island. The high incidence in 
the main citrus-producing areas precluded the removal of trees showing disease 
symptoms. Effective vector control was identified as critical, while horticultural practices, 
such as foliar nutrient applications, were advised in order to relieve stress and improve 
growth and yields. It was also recognized that certified nursery stock would eventually 
need to be made available to assist the replanting of commercial groves. 

Management clusters were organized in two key locations in an attempt to facilitate and 
coordinate vector management and other necessary grove care activities among 
farmers. The areas were the parish of St. Catherine, which has the largest contiguous 
citrus plantings, and Clarendon, where the largest grouping of small farmers, 
representing more than 75 percent of the industry in Jamaica, is based. The JCPA, with 
support from the R&D Division of the MOAF and RADA, coordinated the formation of 
the clusters, beginning with the identification of local leadership. A manual on the AIMS 
Programme was prepared and published, while training of trainers (TOT) workshops 
were held in an attempt to educate over 100 RADA officers and lead farmers in HLB 
and psyllid management. Specifically, the topics covered included diagnostics, 
surveillance, treatment and record-keeping. 

A cluster residential programme was designed, requiring soil drenching with nutrients 
and an insecticide spray, as well as the simultaneous release of the parasitic wasp 
T. radiata. The wasp was expected to provide non-invasive and long-term suppression 
of psyllid nymphs. This component, however, was only partially implemented due to 
limited time and resources. 

A public awareness programme focusing on commercial production emphasized the 
need for certified nursery material and concentrated on the potential impact of the 
disease upon the citrus industry. A flier was designed and distributed in the areas 
concerned, while a video on the AIMS strategy was published and disseminated widely. 

A model plot was established at the Montpelier Research Station to demonstrate 
long-term psyllid management and improved plant care practices. In addition, a record 
of current data on citrus acreage and distribution across the island was established. 
Growers were trained to maintain their logs as a means of assistance for management 
decisions. 
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The approach of improving the nutritional status of trees in order to overcome HLB 
stress resulted in enhanced growth, higher yields and larger fruits during the main 
production season. In addition, the trees bore smaller but consistent quantities of fruit 
throughout the year. 

Improving Diagnostic and Detection Capability 

Under a Letter of Agreement (LOA) signed with the University of the West Indies (UWI), 
Mona Campus, a total of ten technicians from the MOAF, the JCPA and the private 
stakeholder Trade Winds Jamaica Limited were trained in August 2011 in molecular 
diagnostic tools and their use in detecting the causal agent of HLB. The agreement also 
stipulated the production of a detailed manual on the techniques for detection and 
diagnosis of HLB covered in the training. 

The laboratory facilities at the Post-Entry Quarantine (PEQ) Unit at the Bodies 
Research Station in St. Catherine were upgraded to allow for a molecular laboratory for 
screening of the causal agent of HLB. The upgraded facilities and training of officers 
under the project facilitated the screening of clones of seven citrus varieties. 

Increased Capacity to Produce Disease-Free Nursery Material 

In February 2012, a consultant from Cuba initiated training in Shoot-Tip Grafting (STG), 
a technique used internationally to produce clean planting material (Navarro et al., 
1975). Further STG training was conducted by another Cuban consultant in June 2012. 
A total of eleven technicians from the MOAF, the JCPA and Trade Winds participated in 
and benefitted from this activity. 

During the training, seven citrus varieties selected by the industry (Ortanique, Navel 
Surprise, Local Valencia, Broad Manchester Tangerine, Jamaican Tangelo, Sweet-
seeded Grapefruit and West Indian Lime) were successfully shoot-tip grafted, before 
being re-grafted onto more vigorous rootstock. The finished plant was to be realized 
within two to three years of the plants being bio-indexed for the seven graft-
transmissible diseases. This means that only foundation plants at PEQ are to be used 
initially to meet industry needs. 

In November 2012, two insect-proof model structures - one made for budwood, the 
other a protected nursery - were designed and erected to demonstrate the production 
of high quality nursery material. The initial supply of budwood sourced from certified 
parent trees of various varieties was kept under protected cover at the PEQ Unit since 
1997. Plants generated through STG and clean seed source plants, as well as 
seedlings for use in STG, were also to be stored in this structure. The foundation source 
trees were tested using the facilities upgraded as part of project activities and found 
negative for HLB. Budwood collected from the parent trees was used to establish a 
Quick Multiplication Block (QMB) in the newly-constructed greenhouse at the PEQ Unit. 
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The demonstration nursery was built as a replica of the budwood facility and located 
within the property of the West Indies Alumina Company (WINDALCO) in the parish of 
Manchester. This location was strategically selected for a number of reasons, including 
its accessibility from either end of the island and the presence in the area of a number 
of illegal nurseries. In addition, as required by the project, the nursery was managed by 
a private entity with the resources to provide its own input into project activities. 

Twenty participants from across the island, including citrus nursery operators, attended 
a three-day training workshop in November 2012. An experienced Florida-based 
nursery operator provided consultancy services under the nursery training component 
and produced a manual on the methods involved in the production of clean nursery 
material. 

Development of a Public Awareness Campaign 

The public education component was central to the project, as it sought to create an 
awareness of the problem and its management options. This was particularly important, 
considering that the management of citrus diseases requires collaboration among 
growers, together with support from the general public and residential owners of citrus 
plants. Various public relations material was written, edited and designed by the project 
team in collaboration with various stakeholders. This included a 15-minute educational 
video, which can be found both on the MOAF Web site and on social media platforms6. 
The video was used extensively at the three TOT workshops and other related activities 
throughout the country. Material was displayed and distributed at agriculture shows, 
school functions and farmer training programmes, while a number of articles and 
interviews appeared in the print and electronic media. Electronic versions of all 
information products were made available on the MOAF Web site. 

Belize: TCP-BZE-3402 - Assistance to Manage Huanglongbing in Belize 

The Ministry of Agriculture appointed as national coordinator the Chief Agricultural 
Officer, who in turn nominated the Director of the Citrus Training and Education Institute 
(CREI) of the Citrus Growers' Association (CGA) to assist with the technical 
coordination. The overall objective of the project was to support the development of a 
citrus industry that was better prepared and coordinated in its response to the disease. 
This objective was to be achieved through the following key outputs: 

i. Establishment of an Area-wide Management Programme, including a review 
of nursery protocols and training for nursery owners, and support for a 
biological control programme (parasitoids, indigenous entomopathogens) 

ii. Strengthening of HLB diagnostic capacity of the government-appointed 
laboratory through provision of equipment and materials for providing HLB 
testing service to farmers and growers 

iii. Identification of crop diversification opportunities for former citrus growers and 
a review of institutional support required for displaced farmers 

6 http://www.voutube.com/watch?v=PeA2mh2GzUw 
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iv. Recommendations for sustainable funding mechanisms for nursery 
certification and HLB control programmes 

v. Improvement of public awareness and grower education, including posters 
and brochures for farmers and three training videos 

Establishment of an Area-Wide Management Programme for the Psyllid Vector 

The three sub-components and activities carried out under each are described below: 

Area-Wide Integrated Management System (AIMS) 

An experienced consultant from Texas (USA) was recruited to carry out activities in 
three missions - September 2012, January 2013 and June 2013. The AIMS was 
developed following the basic principles of area-wide vector control, adapted to meet 
the needs of local citrus growers. In view of the many challenges facing Belize's citrus 
producers, an integrated multi-pest control strategy that targeted other key pests and 
also improved the overall health of citrus trees was considered the best approach. Thus, 
the program addressed these aspects, together with the production of certified nursery 
trees. Following extensive grower outreach, the program was launched in October 
2012. During the second mission in January 2013, the consultant evaluated progress of 
the AIMS and put in place specific measures for its improvement. The consultant made 
recommendations for field monitoring and surveillance to assess HLB impact in the 
groves, and training for 10 technicians and >300 farmers in ACP control and monitoring. 

The third mission reviewed the progress of the amended AIMS. Information was 
collected on grower participation level and psyllid population levels, grove conditions 
were evaluated during field visits, and discussed with growers with regard to their 
personal assessment of the program and its acceptability. An analysis of the field data 
revealed that psyllid populations declined in most areas where AIMS was implemented. 
The coordination plan that organized the citrus belt into citrus production management 
areas (CPMA), with one extension agronomist coordinating each area, worked well to 
build trust between growers and extension agents, and to meet outreach needs. An 
overall improvement was noted in most groves, with higher fruit set: this was also 
acknowledged by many growers, who despite the additional costs involved, expressed 
willingness to continue with AIMS beyond the end of the project. The key constraints for 
small growers were the lack of equipment and of financial resources for basic grove 
care. These results, focusing on the challenges encountered and strategies needed to 
ensure sustainability at the grower level, were presented to all key stakeholders, 
including industry leaders. 

Nursery Protocols and Training 

A citrus nursery production and certification expert from Jamaica was recruited to carry 
out activities under this sub-component in a two-week Mission (1-15 June 2013). During 
the first week, the consultant met with key stakeholders and made field visits (groves 
and nurseries) to determine the impact of HLB, gather information on citri-culture and 
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identify training needs. The industry's annual demand for certified citrus plants was 
about 1.6 million, with an annual replacement demand of 700,000. With the discovery of 
HLB, the number of certified nurseries that were in operation was reduced from 61 to 
17. The consultant also analyzed the Belize Citrus Certification Programme (BCCP) 
and its regulations, reviewing its strengths and weaknesses. Accordingly, the 
recommendations aimed to strengthen three key areas - the nursery infrastructure and 
its bio-security, record-keeping and retail nursery regulations. During the second week, 
the consultant developed and delivered a training course on the production of certified 
citrus planting material in protected structure to selected industry personnel. The course 
comprised of a one-day training event wherein detailed presentations on all aspects of 
the production of certified citrus plants in protected structure were delivered to 33 
persons (nursery operators, nursery workers, CGA/CREI technical staff, one member 
from OIRSA/Taiwan project and a BAHA staff member) including 4 women. The 
concepts were then re-enforced with real object displays and practical demonstrations. 

The consultant produced a Manual Operating Protocols for Producing Certified, 
Disease-Free Citrus Plants under Covered Structures in Belize and a fact-sheet 
Mandatory Citrus Certification Programme - Belize. 

Biological Control Programme 

The biological control programme under the project targeted parasitoids and indigenous 
entomopathogens. 

As has occurred elsewhere, the parasitoid Tamarixia radiata was fortuitously introduced 
to Belize. The parasitoid was introduced into Reunion (Etienne and Aubert, 1980; 
Aubert and Quinlici, 1984) for ACP management. Studies on its effectiveness have 
provided mixed results. The parasitoid was very effective in reducing ACP populations 
in Reunion and Guadeloupe, but was less so in Florida particularly under cool, dry 
conditions and in Brazil possibly due to pesticide control regimes (Aubert et al., 1996; 
Gamier and Bové, 1993; Qureshi et al., 2009; Paiva and Parra, 2012). Laboratory 
studies suggest that parasitism and host feeding by females account for several 
hundred ACP nymphs (per female parasitoid) and can result in up to 90% reduction in 
ACP populations. 

In Mexico and southern United States, a number of entomopathogenic fungi have been 
recorded and studied on ACP, including Beauvaria bassiana (and its telemorph, 
Cordyceps bassiana), Hirsutella citriformis, Isaria fumosorosea, Metarhizium anisopliae 
and M. brunneum (Gandarilla-Pacheco et al., 2013; Hall et al., 2012; Lezama- Gutiérrez 
et al., 2012). It is very likely that some or all of these occur in Belize. 

Data on the distribution and effectiveness of T. radiata and entomopathogenic fungi 
under Belize conditions is lacking. It is anticipated that augmentative and inundative 
releases of parasitoids during periods of high ACP activity (e.g. during new flush 
growth) would be helpful in reducing vector numbers. In addition, biological control is 
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the only option available to manage ACP populations in abandoned groves and in 
backyard citrus. 

Parasitoids 

The mass production and field release of parasitoids was one of the components under 
the TCP project. This required three separate production areas, for clean plants, psyllid 
hosts and parasitoids, respectively. Two screenhouses are to be erected under the 
project for the production of ACP and parasitoids respectively, while an existing 
screenhouse is being provided by the CGA for the production of clean plants. Training 
of CREI staff will also be carried out. It is anticipated that mass production and field 
release of parasitoids will begin before the end of 2013. 

Entomopathogens 

An expert Insect Pathologist from Florida (USA) was recruited to detect, isolate and 
identify key ACP pathogens in Belize, evaluate their efficacy under laboratory conditions 
and support the development of mass production protocols. After a three-week mission, 
the consultant identified several challenges that needed addressing for successfully 
implementing such a programme, and this he recommended be done in phases. The 
first phase would focus on isolating and evaluating the entomopathogens and their 
occurrence in managed and unmanaged citrus groves. The next phase would involve 
producing selected isolates on a small scale on rice media and assaying them against 
healthy psyllids. In the third phase, CREI could either produce or sub-contract the 
production of promising isolates for field tests. Other recommendations of the consultant 
included identification and training of staff, procurement of appropriate equipment, 
production of clean psyllids for testing, and field collection of mycosed psyllids for the 
isolation and identification of the entomopathogens. A follow-up mission would be 
planned once all the recommendations had been carried out. 

Strengthening HLB Diagnostic Capacity 

This component provided for an upgrade of the CGA Laboratory with necessary 
equipment and materials to improve its capacity to provide detection and diagnostic 
services to the sector at reduced cost. 

Identification of Crop Diversification Opportunities for Former Citrus Growers and 
a Review of Institutional Support Required for Displaced Farmers 

In carrying out activities under this component, an expert consultant and FAO's 
Marketing Officer analyzed a number of key, relevant areas: production of citrus in 
Belize, the CGA, the CPBL and processing issues, as well as diversification and (juice) 
marketing. They reviewed diversification crop possibilities that would be amenable with 
the existing juicing facilities. It was concluded that the most important thing was to 
enhance the throughput of the processing factories in order to reduce costs, increase 
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revenues and improve the competitiveness of the plant. The move from a citrus to a 
tropical fruit juice industry would be 'market driven' and would have to take place in a 
coordinated and well-planned manner. The citrus value-chain needed to function more 
efficiently and improve its current governance structure, and a more detailed review and 
investment programme was required. Furthermore, it was necessary to enforce 
adherence of all citrus growers to the national HLB management and control 
programme (vector control, removal of affected trees, foliar fertilization and replanting of 
new citrus orchards only with certified seedlings from certified nurseries). 

Review of Institutional Support and Recommendations for Sustainable Funding 
Mechanisms for Nursery Certification and Hlb Control Programmes 

This component provided support for identifying sustainable funding mechanisms for 
citrus certification and HLB control programmes. A consultant from Central America and 
FAO's Agribusiness and Finance Officer reviewed the current funding mechanism for 
CGA / CREI as well as those from other countries and programs in the America, based 
on which ideas and recommendations were provided for achieving long-term 
sustainability for the citrus industry in Belize. 

Improvement of public Awareness and Grower Education 

The project made provision for the production and distribution of several awareness-
raising materials, including posters for growers (500 copies), CGA Calendars for 2013 
(1500 copies), two posters for the general public (200 copies each) and pamphlets for 
the general public (5000 copies). Three videos are to be produced for continued farmer 
training (1) HLB management (2) ACP and its management and (3) Production of 
certified citrus plants 

TCP-RLA-3401 - Technical Assistance for the Regional Management of 
Huanglongbing (HLB) in Latin America and the Caribbean 

The goal of this project is to reduce (1) inoculum sources and load, in an efficient and 
timely manner, (2) infective ACP populations in infested geographical areas and (3) the 
risk of infestations by external ACP populations migrating from one geographical area to 
another that is not yet infested. 

The goal is to be achieved via four strategic components, resulting in the development 
of: 

i. A dynamic regional information and risk communication system 
ii. Protocols / Standard Operation Procedure (SOP) for HLB management 
iii. Stronger technical and institutional skills at national, sub-regional, regional 

levels 
iv. Coordination and operating mechanisms 
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Regional Information and Risk Communication System 

The first component deals with the development of an online Regional Information 
System. A preliminary phase of this tool has already been developed both in English 
and Spanish, and activities include the collection and analysis of national PPU 
information; definition of specific epidemic status and risk zones; communication of 
early detection and risks of HLB /ACP for timely interventions; and the development of 
national/sub-regional action plans (inclusive of gender) for regional HLB management, 
which would be based on the national pest status and institutional abilities. Countries of 
the Caribbean and Latin America that do not yet know the status of ACP/HLB can use 
the opportunity provided by this component to request assistance for carrying out 
surveys and developing appropriate national action plans. 

Protocols / Standard Operation Procedure (SOP) for HLB management 

The proposed Standard Operating Procedure (SOP) for HLB management will be based 
on an International Standards for Phytosanitary Measure (ISPM), which is applicable to 
all pests including HLB. The SOP is to be developed by regional experts and plant 
health agencies to allow harmonized variables at different management stages, and will 
take into consideration the harmonization of existing protocols for diagnosis, sampling 
annd actions using national experiences from national SOPs (countries would be 
appropriately acknowledged). 

Capacity Building 

At least two e-learning courses are planned: the first 90-hour course would cover 
epidemiological surveillance and prevention systems, monitoring, HLB/ACP 
management, biological control and nursery management and the second 20-hour 
activity will deal with the use of information systems developed under the project. A 
Regional Training-of-trainers course will also be conducted in HLB management (along 
the same lines of the first e-learning course but also covering risk communication), 
followed by national replication of the course by the trainers. It is also proposed that 
training internships will be provided in HLB laboratory diagnosis. 

Coordination and Operating Mechanisms 

The project will establish a Permanent HLB Advisory Committee, comprising 
representatives from each sub-regional plant health organization (CAN, 
CARICOM/CAHFSA, COSAVE, OIRSA) which would facilitate exchange of information 
between experts, resolution of the best strategies to manage HLB and identification of 
regional specialists in specific technical areas. The Advisory Committee would meet 
annually to exchange knowledge and validate processes. It is also anticipated that the 
processes would be documented and made available through the Regional Information 
System. 
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To date, the Committee of Experts has been formed and has held its first meeting in 
Chile in December 2012. The website with the information tool is in the process of being 
launched. The planning for other activities is in progress. The regional project comes to 
an end in 2014. 

Conclusions 

Huanglongbing has serious implications for the future of the citrus industry in the 
Caribbean and Latin America. In the Caribbean, citrus is an important economic and / 
or backyard crop in all countries and is part of the social and cultural landscape. 
Management strategies developed under the two national projects (Jamaica and Belize) 
can serve as models that other countries can emulate in the event that their citrus 
becomes infected by HLB. 

In addition, countries of the region need to take full advantage of the ongoing Regional 
TCP project that provides the opportunity to determine the in-country status of ACP / 
HLB and develop national management plans accordingly. 
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ECONOMICALLY IMPORTANT DISEASES AFFECTING TROPICAL FOLIAGE IN 
FLORIDA, GUATEMALA, DOMINICAN REPUBLIC AND COSTA RICA 

A.J. Palmateer, S.N. Suarez, I. Maguire, and P. Lopez. Tropical Research and 
Education Center, University of Florida, United States of America 

ABSTRACT: This presentation focuses on newly identified and economically important 
diseases affecting tropical ornamental production in Florida and Central America. 
Bacterial diseases caused by Xanthomonas species, foliar Phytophthora problems and 
some challenging fungal diseases on foliage plants will be covered. These descriptions 
should help people in the plant production and landscape industry to understand the 
threats these diseases pose, and to recognize characteristic symptoms associated with 
these diseases. The results of recent studies will be included, highlighting effective 
management strategies. 

Keywords: Economics, Disease, Tropical, Foliage, Caribbean, Ornamental Production. 
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THE UNIVERSITY OF PUERTO RICO PLANT DISEASE AND INSECT CLINIC 

C. Estévez de Jensen1, I.A. Cabrera1, Α. Segarra1, and C.L. Harmon2. 1 Crops and Agro-
Environmental Sciences Department, University of Puerto Rico, Juana Diaz Experiment 
Station, Puerto Rico. 2Plant Diagnostic Center, Plant Pathology Department, Institute of 
Food and Agricultural Sciences, University of Florida, Gainesville, United States of 
America 

ABSTRACT: The Plant Disease and Insect Clinic (PDIC) in Juana Diaz Experiment 
Station provides diagnosis services to commercial growers, researchers, seed 
companies and the general public. The PDIC is part of the Southern Plant Diagnostic 
Network (SPDN) and since 2006 has processed more than 5,000 samples. The aim of 
the PDIC is to provide fast and accurate diagnoses and recommendations for pest and 
disease management. Over the past seven years the PDIC has conducted 16,197 
determinations that include 3,332 serological tests and 1,113 PCR (polymerase chain 
reaction) analyses. The PDIC also trains undergraduate and graduate students, 
agronomists, extension specialists and private industry professionals in detection of new 
pests and diseases. Growers and homeowners have been benefited from pest and 
disease diagnoses that included more than 300 visits to farms and gardens. Ten first 
disease and fifteen first insect reports have been published in the past seven years. 
Management of new and emerging pests and diseases In Puerto Rico has been 
fundamentally impacted through the work of the PDIC specialists. These SPDN 
diagnostic specialists have been relevant in the detection and communication of 
quarantine pathogens and pests as well as for identification of new diseases. 

Keywords: Disease Clinic, Disease and Pest Detection, Southern Plant Diagnostic 
Network. 
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THE SOUTH AMERICAN PALM WEEVIL: AN INVASIVE SPECIES FOUND IN 
SOUTH TEXAS 

R.T. Villanueva and G. Esparza-Diaz. Texas A&M University System and AgriLife 
Extension Service, Weslaco, Texas, USA 

ABSTRACT: This study centers in a survey conducted to find Rhynchophorus 
palmarum (L) and R. ferrugineus (Olivier) (Coleoptera: Curculionidae), two invasive 
species of palm trees. The study was performed in the Rio Grande Valley in south 
Texas, and near the borderline of the state of Tamaulipas in Mexico. A total of 40 traps 
were inspected biweekly from 26 September 2011 to 20 September 2012. Only, two 
specimens of R. palmarum were found and identified next to a commercial palm 
plantation on 11 March and 5 May 2012 near the city of Alamo, TX; and none R. 
ferrugineus was found throughout the entire duration of the study. Nematodes of the 
genus Rhabditis, Poikilolaimus, Pseudodiplogasteroides (Family Aphelenchidae) were 
found in the two R. palmarum weevil specimens. 

Keywords: B. cocophilus, invasive pest, South American palm weevil, sugarcane. 

Introduction 

Invasive palm weevils are a threat to many palm species in subtropical areas and to the 
ornamental industry of the U.S. In the Rio Grande Valley, the southern-most region of 
Texas, many species of palm are used as ornamentals in back yards and in landscape 
design on highways, commercial centers, city parks, and on palm plantations. Two 
species of weevils have been reported in California: the Red Palm Weevil (Ferry 2010), 
Rhynchophorus ferrugineus (Olivier) (Coleoptera: Curculionidae), and the South 
American Palm Weevil (USDA-APHIS 2011), R. palmarum (L) (Coleoptera: 
Curculionidae). The introduction of these two exotic invasive species and their 
associated parasites can be devastating for the palm and landscape industry of many 
areas of the southern U.S. 

Rhynchophorus ferrugineus is native of Southern Asia and Melanesia, whereas R. 
palmarum is native of South America. The former is a devastating pest of palms and 
over the last few decades it has spread to the Middle East (Faleiro 2006), North Africa 
(COX 1993), and South Europe (Barranco & Cabello 1996). Recently, R. ferrugineus 
has invaded Japan (Abe 2009), the Mediterranean Sea rim, Egypt, and spread in Spain 
since 1996; and found in the Caribbean (Roda 2011), and disseminated in Murcia, 
Balearic Islands, and Canary Islands (CABI/EPPO 2003). Ferry (2010) confirmed that 
R. ferrugineus was found in Laguna Beach, California, USA, infesting Phoenix 
canariensis. The primary hosts of R. ferrugineus include 24 species of palms in 14 
genera (Faleiro 2006. The main damage of R. ferrugineus is by feeding inside the palm 
crown. The resulting damage is in the form of tunnels on the trunk or base of palm leaf, 
oozing of viscous fluids from tunnels, distinct fermented odors, and breaking of the trunk 
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or collapsing of the palm crown. The prolonged damage to the palm tree by R. 
ferrugineus results in the eventual death of the tree. 

Rhynchophorus palmarum is a primary pest of palms in Central and South America 
(Alpizar et al. 2002), and its main host plants are coconut palm (Oehlschlager et al. 
1995), oil palm (Oehlschlager 2002), and sugarcane. In 1969, CABI/EPPO reported 
that R. palmarum weevil was found in Central America (Belize, Costa Rica, El Salvador, 
Guatemala, Honduras, Nicaragua, and Panama) and the West Indies. In South 
America, R. palmarum was present in Argentina, Bolivia, Brazil, Colombia, Ecuador, 
French Guyana, Guyana, Paraguay, Peru, Surinam, Uruguay, and Venezuela. Esser & 
Meredith (1987) indicated that R. palmarum was in Barbados, Dominican Republic, 
Grenada, Saint Lucia, Saint Vincent and Grenadines, and Commonwealth of Dominica 
(OEPP/EPPO 2005). Recently, R. palmarum had established in Cuba, Guadeloupe, 
Martinique, and Trinidad and Tobago (CABI/EPPO 2006). In North America R. 
palmarum was present only in Mexico (CABI/EPPO 1969). However, the Animal and 
Plant Health Inspection Service (APHIS) confirmed the first USA detection of R. 
palmarum, in the San Ysidro area of San Diego, California on May 9, 2011, (USDA-
APHIS 2011). The National Agricultural Pest Information System informs that R. 
palmarum has not been detected yet in Florida and Hawaii to this date. R. Palmarum 
larvae damage the palm tree while feeding in the apical growth inside the trunk. In 
addition, R. palmarum is a vector of red ring nematode, Bursaphelenchus cocophilus 
(Cobb) Baujard (Nematoda: Tylenchida). Bursaphelenchus cocophilus causes red ring 
disease with major economic impact on coconut and commercial oil palms (Griffith 
1968). Murphy and Briscoe (1999) established that there are several other nematodes 
found in R. palmarum (Rhabditidae: Teratorhabditis sp.; Diplogasteridae; 
Diplogasteritus sp.; Mononchoides sp.), including Hypoaspis sp., and Tetrapolypus 
rhynchophori Ewing (Pymotidae). This point is very important to keep at the fore front, 
because R. palmarum cause physical damage but the nematode parasites spread a 
plant disease so the potential for damage is even greater than the weevil itself. 

The geographical distribution of the genus Rynchophorus increased in recent years due 
to the active trade between countries which facilitates the movement of invasive 
species. In this study we described a 1-yr survey to detect two invasive weevil species 
and their associated parasites on the Lower Rio Grande Valley in Southern Texas, an 
area bordering the state of Tamaulipas, Mexico. 

Materials and Methods 

This study was conducted in three counties of the Lower Rio Grande Valley in South 
Texas (Hidalgo, Cameron and Willacy). Rhynchophorus palmarum and R. ferrugineus 
were surveyed near international bridges connecting Mexico and Texas (see Figure 1); 
highways with great commercial trade between Mexico and the US; areas within cities, 
and near palm plantations in the Rio Grande Valley. The survey was conducted using 
bucket traps attached to palm trees located in areas of easy access. Sites were 
registered with a global positioning system using a GARMIN® GTM35 unit, with World 
Geodetic System (WGS) 1984 using spheroid and datum standard. On all places we 
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used one or more of the following conditions to set traps on palms: palm trees needed 
to be located within 100 ft near palm plantation, sugarcane plantation, international 
border, interstate, or adjacent to a wildlife area. 

Forty traps were usually inspected biweekly throughout the entire year; however, we 
used forty seven locations that were moved or relocated when traps were inaccessible, 
palms were removed, location was inundated, or traps were vandalized (Figure 1). The 
inspection was conducted from 26 September 2011 to 20 September 2012. Eleven 
traps were placed near international bridges between Texas and Tamaulipas, Mexico 
(Mission, Hidalgo, Pharr, Donna, Progreso, Los Indios, and Brownsville). Some traps 
were placed in several points that run three major interstate highways (Hwy 83 running 
parallel to the border, and highways 77 and 281 that are trade routes that go into San 
Antonio and Houston, respectively). Sixteen traps were located on palm trees next to 
sugarcane or palm plantations, and one trap was in the Santa Ana National Wildlife 
Refuge. The rest of traps were placed across towns in south Texas (Mission, Hidalgo, 
McAllen, Edinburg, Alamo, Donna, Progreso, Weslaco, Harlingen, Los Fresnos, Olmito, 
Brownsville, Rangerville, Lyford, Blue Town, Pharr, South Padre Island, and La Feria). 

Bucket traps were made of a 25-liter plastic container. Traps were strapped to palm 
trees (Oehlschlager 2007) with fencing wire. To increase the number of R. palmarum 
on traps we used a solution of 50%sugar with the specific pheromone (2-methylhept-5-
en-4-ol), and an aggregation kairomone (ethyl acetate) (Oehlschlager 2007). 
Complementary, kill solution was 50% ethylene glycol. In the same trap, we used a lure 
for R. ferrugineus (4-methyl-5-nonanol). All the pheromones and kairomone were 
replaced, every 6 weeks, on 26 September and 22 November, 2011, 3 January, 14 
February, 27 March, 22 May, 3 July, and 14 August 2012. An ethylene glycol solution 
(antifreeze) was refilled as required to maintain at least 2 cm depth level of this solution 
in the container. 

Weevil identification was initially conducted by Drs. Villanueva and Esparza-Diaz and 
confirmation of weevil specimens were made by USDA scientists. The fungus and 
nematodes were identified using molecular sequencing at the Nematology Laboratory, 
USDA ARS. 

Results 

Two specimens of R. palmarum were found in this study; both specimens were 
confirmed as R. palmarum by Kira Metz (USDA APHISPPQ in College Station TX) and 
Jenz Prena (USDA ARS Systematic Entomology Laboratory in Washington DC). The 
first weevil was a female found on 11 March 2012, next to a commercial palm plantation 
in Alamo, TX in trap No. 28; latitude 26.149598°; longitude -98.129027° (Figure 1). The 
trap was attached to a Washingtonia robusta (Mexican Fan Palm or Mexican 
Washingtonia). In this specimen, nematodes were detected. Identification for an adult 
nematode (conducted by Carla Lynn USDA specialist in Beltsville, MD, was 
inconclusive; possible it was a nematode in the Aphelenchidae Family. However, 
juvenile nematodes of the species of Poikilolaimus sp. (Family Rhabditidae) and Genus 
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Pseudodiplogasteroides were found. Others studies had reported Teratorhabditis sp. 
(Gerber and Giblin-Davis 1990), Teratorhabditis palmarum (Magalhäes et al. 2007), 
Diplogasteritus sp. (Magalhäes et al. 2007), Mononchoides sp., and Bursaphelenchus 
sp. (Gerber & Giblin-Davis 1990). Although, the red ring nematode Β. cocophilus was 
not found in this specimen; Magalhäes et al. (2007) suggested that nematodes 
associated with B. cocophilus could probably be co-participates of the etiology of red 
ring disease. 

The second specimen was from trap 27 (latitude 26.154235°; longitude -98.128855°; 
Figure 1) found on 5 May 2012 and across a road of the same commercial palm 
plantation and distant 1 mile from the first finding in Alamo, TX. Its host was Livistona 
chinensis (Chinese Fan Palm). Sequencing analysis of specimen showed that No 28S 
product or a sequence too messy to decipher, and ITS region gave mostly fungal 
sequence and a faint band remotely related to Ditylenchus. Miguens (2011) reported 
that R. palmarum highly infected by fungus. Nematodes found on our second R. 
palmarum specimen were species of Rhabditis. 

The plantation where these two specimens were found had several palm species, and it 
might be possible that R. palmarum is established there or these insects were 
hitchhikers on palm leaves. Weevils might have been introduced on juvenile palm 
fronds that are traded from Mexico to the USA for floral arrangements. This plantation 
has been utilizing these fronds for floral arrangements locally or distributing the fronds 
to the rest of the entire U.S. 

Several factors are important with the detection of R. palmarum. First, R. palmarum can 
be easily established due to subtropical environmental conditions of the Rio Grande 
Valley, and the presence of many host plants such as several ornamental palms, 
coconut and oil palms, and sugarcane; all of them found in the Lower Rio Grande 
Valley. Second, if R. palmarum is successfully established, it can be moved to the rest 
of the southern U.S., affect the ornamental palm industry, and can infect sugarcane 
plantations in South Texas, Louisiana, and Florida, having a negative impact in this 
industry. Finally, this weevil is a vector of red ring nematode (B. cocophilus); which 
causes red ring disease a disease that can kill many palm tree species and it can 
further increase the negative economic impact on commercial palm plantations, and in 
urban landscapes. 
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Figure 1. Location points of the 47 traps to survey R. ferrugineus and R. 
palmarum in South Texas. One specimen of R. palmarum was found on each of 
the sites No. 27 (Latitude: 26.149598°, Longitude:-98.129027°), and 28 (Latitude 
26.154235°, Longitude:-98.128855°) 
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USE OF ECOLOGICAL NICHE MODELLING TECHNIQUES IN THE STUDY OF 
INVASIVE INSECT SPECIES IN AGRICULTURE IN COLOMBIA 

A.M. Arcila1, L. H errera2, Β. Herrera3, and E. Ebratt4. 1 Corporation Colombiana de 
Investigation Agropecuaria, Colombia, 2Ciencias Biolôgicas. Universidad National de 
Colombia, Colombia, 3Centro International de Agricultura Tropical, Colombia. 4lnstituto 
Colombiano Agropecuario, Colombia 

ABSTRACT: Agricultural activities are at the same time cause and target of problems 
related to invasive species. Some invasive arthropod species can become serious 
fitosanitary problems limiting production and commercialization of fresh products, 
several of these species may also thrive in natural environments to the detriment of 
native species that become displaced or locally extinct. These invasive agricultural 
pests have in common a high reproductive rate, good climatic adjustment between their 
native and introduced ranges and phenotypic plasticity: Nevertheless the key factor that 
seems to determine invasion success is propagule pressure. In Colombia there are 
several invasive species of agricultural importance some widely distributed across the 
country such as the coffe berry borer (Hypothenemus hampei), crazy ant (Paratrechina 
fulva), the boll weevil (Anthonomus grandis) and Asian citrus psyllid (Diaphorina citri). 
Other species such as the pink hibiscus mealy bug (Maconellicoccus hirsutus) are of 
recent introduction and limited distribution, whereas others such as Bactrocera 
Cucurbitae have not yet entered the country but are of quarentenary importance. 
Ecological niche modelling is a tool that has proven to be of great utility to identify 
potential establishment areas for invasive species and therefore design surveillance and 
monitoring strategies. In the case of species already established ecological niche 
modelling could be used to determine potential changes in distribution in response to 
environmental changes such as climatic variability and climate change. 

Keywords: Niche, Ecology, Modelling, Invasive Insects, Species. 
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DNA BARCODING FOR TARGETING INVASIVE SPECIES AND NATURAL 
CONTROL AGENTS IN THE CARIBBEAN 

A. Galindo-Cardona and J.C.V. Rodrigues. Center of Excellence for Quarantine and 
Invasive Species at University of Puerto Rico. Department of Crops and 
AgroEnvironmental Sciences, Agricultural Experimental Station, Rio Piedras, Puerto 
Rico 

ABSTRACT: The development of DNA barcoding for species identification is a broad 
tool that has been emphasized in the recent decade. Since the 1980's, the increase of 
trade and exchange of goods has raised the number of invasive species reported. The 
new invaders are threatening the development of a sustainable agriculture, the 
preservation of natural habitats and raising the costs for urban landscaping. Molecular 
barcoding is part of an innovative approach to accurately identify and fingerprint life 
species. Barcoding methods are a valuable application for both pest ecology and 
biocontrol agents. Several universal mitochondrial and nuclear molecular markers of 
conservative regions such as Cytochrome Oxidase I (COI) and Internal transcribed 
spacer (ITS) have been used in barcoding for fingerprinting both pests and their natural 
enemies and have demonstrated high replication of results. Moreover, the development 
of new molecular markers targeting important arthropod and microorganism species has 
elucidated their taxonomic status. The objectives at the Center of Excellence for 
Quarantine and Invasive Species (CEQIS) laboratory are to generate and apply DNA 
barcoding tools and to build an integrative database of pests and beneficial organisms 
within the Caribbean and track their pathways. Current work at the laboratory 
addresses the identification of parasitoid communities associated to whiteflies in 
Solanaceae, Leguminosae and alternate host plants. Plant host species are also 
identified by both classic morphology and DNA barcoding. Barcoding clarifies 
discrepancies between morphological and molecular identification. Molecular 
approaches used clarify the taxonomy of the parasitoid complex associated to the 
Harrisia cactus mealybug, Hypogeococcus pungens. So far, other biological control 
agents have been targeted for barcoding at the CEQIS and include mites, coleopteran 
and coccinellid. 

Keywords: DNA barcoding, molecular marker, biological control, invasive arthropods 

RESUMEN: El desarrollo de côdigos de barras de ADN para la identificaciôn de 
especies es una herramienta amplia que se ha utilizado en las ùltimas dos décadas. El 
aumento del comercio e intercambio de bienes en las ùltimas décadas aumentô el 
nûmero de especies invasoras reportado en todas partes. Los nuevos invasores 
amenazan el desarrollo de una agricultura sostenible y la conservaciôn de los habitats 
naturales. El uso de estas técnicas moleculares es parte de un enfoque innovador para 
identificar especies nocivas y beneficiosas con precision. Los métodos de côdigo de 
barras genético son una valiosa aplicaciôn de la ecologia de las plagas y de agentes 
de control biolôgico. En estos côdigos de barras se han utilizado varios marcadores 
moleculares tanto mitocondriales (citocromo oxidasa I; COI), como nucleares (ITS) de 
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uso universal, de regiones conservadas que muestra alta reproducibilidad de los 
resultados, para la identificaciôn de plagas y sus enemigos naturales. Por otra parte, el 
desarrollo de nuevos marcadores moleculares dirigidos a artrôpodos importantes y 
especies de microorganismos podria esclarecer su estado taxonômico. Los objetivos 
de nuestro laboratorio son generar y aplicar las herramientas de "barcoding" y crear 
una base de datos integral de plagas y organismos benéficos en el Caribe. El trabajo 
actual se ocupa de la identificaciôn de las comunidades de parasitoides asociados a 
las moscas blancas en las solanaceas, legum inosas y plantas hospederas alternativas. 
Las especies de plantas huéspedes también son identificadas por la morfologia clasica 
y por côdigos de barras de ADN. El "barcoding" aclara discrepancias entre la 
identificaciôn morfolôgica y molecular. Enfoques moleculares ayudaron a esclarecer la 
taxonomia del complejo de parasitoides asociados a la chinche del cactus, 
Hypogeococcus pungens. Otros agentes de control biolôgico han sido identificados en 
el Centro de Excelencia para las Especies Invasoras y Cuarentena, como acaros, 
coleôpteros y coccinélidos. 

Palabras claves: côdigo de barras del ADN, marcadores moleculares, control biolôgico. 

Introduction 

One of the most difficult problems in working with new plant pests and diseases is the 
accurate identification of their main and associated species. This problem is largely due 
to the small size of arthropods, bacteria, fungi and viruses' and lack of easily 
distinguishable morphological characteristics. Molecular tools, including DNA barcoding, 
have provided clear advances toward the early and rapid identification of invading 
organisms. The deficiencies in the diagnosis of plant diseases or in identifying their 
vectors cause extreme quarantine limitations (Childers and Rodrigues 2005). It is 
important to combine new technologies such as DNA molecular markers for barcoding 
identification with morphological identification. A molecular marker is a particular 
sequence of DNA that is identifiable within the context of an entire genome. There are 
different types of DNA molecular markers that are useful for studies of genetic diversity 
and phylogenetic relationships. DNA barcoding is a technique useful for identifying 
species of organisms using a short DNA sequence from a standard position in the 
genome. DNA barcodes are short sequences of genome and they can be developed 
quickly and cheaply. The cytochrome C oxidase subunit 1 mitochondrial region (COI) is 
the standard barcode region for higher animals (Ratnasingham and Hebert 2007) 

Due to the rapid spread of organisms associated with trade and quick transportation in 
the world, it is important to develop strategies for rapid identification and design of 
management plans, especially when related to new species invasions. 

The Caribbean region is regarded as one of the world's biodiversity "hotspots" with 
approximately 7000 species of endemic plants and 780 species of endemic vertebrates 
(Mittermeier et al. 2005, BirdLife International 2010). The invertebrate endemism is 
extensive, but poorly documented. Advances in world transportation have enabled 
invasive organisms to move easily between geographic zones, leading to an increase in 
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biologie invasions in the past few years (Seebens et al. 2013). This is a major problem 
related to the dispersion of pests, vectors and diseases. 

Current Work and Protocol 

Puerto Rico is a key location to to survey for invasive organisms. There is a strong 
topographic effect on the environmental and ecological conditions, with the wet regions 
predominant in the northern region, high altitudes in the central mountains and semi arid 
regions in the south (Gould et al. 2008). In addition, six different life zones can be 
distinguished across the island (Holdridge 1967, Ewel & Whitmore 1973). In work 
related to projects on mitigating invasive species in Puerto Rico we collected samples 
from the all over the island which were studied at the Rio Piedras Experimental 
Research Station, University of Puerto Rico (18°23'27" N, 66°03'23" W) (see Figure 1). 
DNA was extracted from a minimum of 10 single specimens of each population using 
the CTAB protocol (Rodrigues et al. 2004). To characterize the specimens of each 
population, DNA was amplified from a mitochondrial cytochrome oxidase I (COI) gene 
fragment, which is generally conserved in its composition and gene order and has 
shown reliable sequence divergence at the species and higher level for many insect 
taxa (Simon et al. 1994, ScheVer & Grissell 2003). To amplify the mitochondrial (COI), 
ribosomal (18S, 28S) and nuclear (ITS) regions from different organisms the primers 
used are detailed in Table 1. The PCR cycling conditions depend on the markers used, 
and the fragment size (bp, base pair) that is expected to be amplified. Our best results 
come while amplifying DNA fragments for fingerprinting is between 400 bp and 900 bp. 
Amplified fragments are visualized in a 1% agarose gel stained with etidium bromide 
under UV light. The predicted amplicon were cleaned up using the Exo-Sap protocol 
(PCR product: 5 ul; Exo: 0.30 ul; SAP: 0.45 ul; ddH20: 2.25 ul), mixed to homogenize, 
incubated at 37°C by 30 min and heated to inactivate ExoSAP 85°C during 15 min. The 
products were sequenced at the UPR-Sequencing and Fingerprint Facility (SGF) core 
laboratory using BigDye Terminator v3.1 Cycle Sequencing Kit with an ABI 3130 xl DNA 
sequencer. 

Different organisms have been studied at the CEQIS laboratory including invasive 
species and natural control agents. Invasive species studied include plant feeding 
mites, Harrisia cactus mealybugs and whitefly, and their natural enemies such as the 
parasitoids Leptomastidea spp. and Encarsia formosa. 

Results and Discussion 

Mealybugs 

Because of the unclear taxonomic and molecular identification of Harrisia Cactus 
Mealybugs (HCM), field samples of this species were collected in places where HCM 
has been observed and samples of other mealybugs species were present in the zone 
in association with cacti. Field sampling was conducted in the south of Puerto Rico, in 
sites with large areas with cacti in the dry forest. At the laboratory, the species of 
mealybug that is attacking the cactus in Puerto Rico was identified by means of 
molecular techniques. The specimens of mealybugs were collected from infested 
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columnar cacti and other alternate hosts in Puerto Rico. Some specimens were 
mounted on slides and deposited in the Museum of Entomology at the Agricultural 
Experiment Station of the UPR. For characterization of the DNA samples of each 
population, nine different regions were amplified with primers specific to them, using 
both mitochondrial and nuclear regions (see Table 1). Table 2 summarizes the 
identification of specimens by DNA analysis and their correspondent target species 
names for recent projects. For the HCM, the only species found in PR was H. pungens. 

Whiteflies 

Whiteflies are a complex species group of cosmopolitan distribution and have largely 
impacted production and food economy. About 1,200 species have been described, 
most have different host plants, but some are specific. Among the most important crop 
pests in the world are found Bemisia tabaci, Trialeurodes vaporariorum, Bemisia 
argentifolii and Aleurothrixous flocossus. These species attack a wide variety of 
ornamental, wild and cultivated plants. The aim of the present work is to determine the 
occurrence and distribution of whitefly populations, their natural hosts as well as main 
invasive plant viruses associated with their hosts, on the island of Puerto Rico. 
Collection routes were established to survey different geographical and ecological areas 
around the island. Each sampling site was photo documented and georeferenced by 
GPS. Eighty-three sites were visited to collect 291 insect organisms and 1200 plant 
samples, an average of three populations per site. Plant samples of the collection part 
of the laboratory, had their DNA extracted for identification and generation of barcode 
using a chloroplast gene (rbcLa) and subsequent analysis of associated viral hosts. The 
whiteflies were prepared for morphological identification (slide-mounted) and DNA was 
extracted for diversity analyses. Emerging parasitoids were similarly identified (see 
Table 1). The most frequent hosts plant families for whiteflies in Puerto Rico found 
during the survey were Convolvulaceae, Euphorbiaceae and Moraceae. Three whitefly 
species were identified: Aleirodicus dispersus, Aleurocanthus spiniferus and Bemisia 
tabaci (see Table 2). So far, the incidence of whitefly in inspected plants in Puerto Rico 
was 86% in plants and 88 % at the study sites. Frequency appears to decrease with 
increased humidity. 

Natural enemies 

Leptomastidea spp. parasitoids (Encyrtidae, Hymenoptera) are important in the 
biological control of mealybugs. Three populations of Leptomastidea sp. (Barbados, 
Puerto Rico and Florida) were analyzed and resolved using molecular techniques to 
detect differentiation in their genetic profile using specific primers to amplify COI 
mitochondrial and ITS regions (see Table 1). 

In relation to Leptomastidea sp., one unique haplotype was found among the three 
populations of Puerto Rico (n=3) Barbados (n=1) and Florida (n=2). Using both 
genomic regions the haplotypes did not present geographical clustering (see Table 2). 
Encarsia formosa is another parasitoid that was found associated to whiteflies in Puerto 
Rico. 
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Mites 

A complex of Tetranychoidea mites have been identified at the molecular level as well 
as the association of Brevipalpus mites with viruses monitored by use of molecular 
tools. In addition, Rivera-Rivera et al. (2012) reported the development of molecular 
tools to identify and testing prey DNA fingerprinting on Amblyseius largoensis (Acari: 
Phytoseiidae) prédation of Raoiella indica. 

Conclusion 

The molecular tools used and the morphological examinations of specimens is crucial to 
accurately identify a growing number of target species reaching new agricultural and 
natural landscapes. The increase of training programs and development of integrated 
efforts among Caribbean nations to track pathways and prevent the introduction of 
invasive species is imperative to preserve local agriculture and natural resources. The 
use of molecular tools enhanced the CEQIS laboratory capability in detecting and 
clarifying taxonomic status for several target arthropod groups of quarantine relevance. 
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Figure 1. Life zones of mainland Puerto Rico took from Ewel and Whitmore (1973). 

Black star indicate the laboratory location. 
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Proceedings of the Caribbean Food Crops Society. 49:435-440. 2013 

THE USE OF GENOMIC TECHNOLOGIES FOR INVASIVE SPECIES CONTROL AND 
CROP IMPROVEMENT 

S.E. Massey. Department of Biology, University of Puerto Rico, Puerto Rico 

ABSTRACT: The next generation sequencing (NGS) of genomes, transcriptomes and 
metagenomes is revolutionizing biology and has a myriad of applications. Successful 
application of this technology is integrating bioinformatic analysis of sequence data, 
evolutionary theory and existing biological knowledge of a particular system. Potential 
applications are explored in the areas of invasive species control and crop 
improvement. Invasive species control has three major components; 1) identification, 
cataloguing and screening of pests/pathogens; 2) pest/pathogen epidemiology and; 3) 
identification of control strategies, such as novel pesticides or biocontrol approaches. 
Complete genome sequencing has utility for the rapid identification and characterization 
of novel pathogens, given the vast reservoir of potential pathogens in nature and the 
frequent recombination, mutation and lateral gene transfer that known pathogens 
undergo, giving rise to novel strains. 'Phylogenomics', the use of complete genome 
sequences to infer phylogenetic relationships, has potential in the barcoding of 
genetically monomorphic organisms. 'Genomic epidemiology' approaches, which utilize 
complete genomes to determine phylogenetic relationships, population dynamics and 
divergence times, allow a more precise reconstruction of the origin and spread of 
pests/pathogens. Better understanding of pest/pathogen genomes will allow the 
identification of novel targets for pesticides or anti-microbials, while characterization of 
vector microbiomes using metagenomics could reveal novel endosymbiont mediated 
biocontrol strategies. Lastly, the potential of NGS for crop improvement will be explored. 
In terms of 'traditional' plant breeding, complete genome sequencing will allow better 
understanding of crop biology, and the identification of desirable genetic characters, 
either from an individual genome, or employing a 'population genomics' approach, 
which can identify genetic elements that have been anthropogenically selected in 
existing crops to produce desirable phenotypes. The benefits of NGS technology are 
currently accessible and affordable to be used on small and specialty crops, which are 
by and large the main crops cultivated in the Caribbean. In addition, genetic 
modification strategies will be enhanced by a better understanding of the 'target' 
genome, and by the wealth of publicly available information regarding genes with 
desirable activities that may be introduced. 

Keywords: Genomic Technologies, Invasive Species, Control, Crop Improvement. 
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Proceedings of the Caribbean Food Crops Society. 49:435-440. 2013 

INVASIVE SPECIES: DEVELOPMENT OF A CENTER FOR EXCELLENCE IN 
QUARANTINE AND INVASIVE SPECIES IN PUERTO RICO 

J.C.V. Rodrigues1, A. Roda2, and M. Ciomperlik3. 1 University of Puerto Rico, Center for 
Excellence in Quarantine & Invasive Species, Crops and Agro-Environmental Sciences 
Department, Puerto Rico, 2USDA, APHIS, PPQ, CPHST Miami Lab, Florida, 3USDA, 
APHIS, PPQ, CPHST Mission Lab, Texas, United States of America 

ABSTRACT: Invasive pest species are affecting world agriculture, forests and natural 
areas, causing billions of dollars of losses. With globalization and increases in trade and 
movement of people, the frequency of species invasions has substantially grown in the 
last few decades. Puerto Rico is geopolitically located in a key strategic position and 
has the potential to host and play a crucial role in studies on "prevention and 
preparedness for invasive species". Puerto Rico is located in a region where the 
probability of interception of new pests coming to the Americas and US mainland is high, 
and where a proactive approach could be the front line for management of invasive 
species. In addition, Puerto Rico has its own agricultural interests and it, along with the 
rest of the Caribbean basin, would directly benefit from a US offshore quarantine facility 
that provides research, appropriate training on target pests and potentially beneficial 
organisms. Currently, there is a joint initiative to establish a world-class Center for 
Excellence in Quarantine & Invasive Species. The Center is a collaborative effort 
among University of Puerto Rico (UPR), Puerto Rico Department of Agriculture and 
Department of Natural Resources, USDA APHIS PPQ, US Forest Service, Caribbean 
Food Crop Society, and other agencies. 

Keywords: Invasive Species, Quarantine, Pest, Prevention, Preparedness. 
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ARE NESIDIOCORIS TENUIS (HEMIPTERA: MIRIDAE) SUITABLE FOR BIO 
CONTROL OF IMPORTANT GREENHOUSE PESTS OF TOMATOES IN THE 
CARIBBEAN? 

C.A. Serra1, C. Castané2, and R. Gabarra2. 11nstitute) Dominicano de Investigaciones 
Agropecuarias y Forestales 2IRTA, Centre de Cabrils, Barcelona, Spain 

ABSTRACT: Zoo-phytophagous predatory-mirid bugs, Nesidiocoris tenuis, are present 
in several regions of the Old and New World and have shown to be effective predators 
of thrips, whiteflies, aphids, mites, and eggs of and lepidoptera, among others, in field 
crops like tomatoes and tobacco. Mirid bugs including this species, are mass reared 
and successfully commercialized in Europe by several companies, especially for 
biocontrol in greenhouse crops. Phytosanitary aspects, e.g. those due to to complexes 
of virus diseases and insect vectors, showed to be serious limiting factors to the quickly 
increasing vegetable production under greenhouse conditions in Caribbean countries, 
like the Dominican Republic. Control measures based on a calendarized spraying of 
pesticides have increased problems with pest resurgence, forbidden residues on the 
harvested products, among others, which can result in rejection of containers in 
receiving countries. In spite of the hermetically closed greenhouses, insect pest achieve 
to create sometimes damaging populations, while their natural enemies are not able to 
penetrate by themselves. Innundative biocontrol of insect vectors seems to be a 
suitable alternative, accepted by the regulatory agencies. The efficiency of commercially 
produced predatory-mirid bugs, Nesidiocoris tenuis (Nt), in comparison to specimens 
originating from a laboratory colony (IRTA, Cabrils) and those of field populations were 
assessed comparing olfactory responses to whitefly- or thrips-induced tomato plant 
odours in olfactometer. Except the wild males in intact and whitefly-infested plants, all 
groups showed significant general responses. The males only distinguished significantly 
odours from intact tomato plants from clean air, but from none of the infested ones, 
while the wild females responded just the other way around. Commercially produced Nt 
chose intact plants and thrips-infested plants, but not whitefly-induced volatiles. 
Females from the laboratory were not able to respond significantly to any of the offered 
odours being significantly less effective than field Nt to recognize infested plants. The 
commercial Nt responded significantly better to intact tomato plants and similar to both 
infested plants compared to wild females, while those from the laboratory were much 
inferior detecting infested plants. The performance of the ladder to thrips-infested plants 
was improved, when Nt were, previous to the olfactory tests, conditioned to Frankliniella 
occidental is, compared to those, that were never before in contact to thrips. The 
predator ability of female mirids was compared through 24-hours feeding trials offering 
fourth Bemisia tabaci instars, alone or offered together with an equal number of moth 
eggs (Anagasta kuehniella) or late N3 thrips nymphs (Frankliniella occidentalis). The 
commercially available Nt predated significantly less whitefly and thrips instars than the 
mirids from fields and the laboratory, but consumed more moth eggs than wild Nt, which 
were offered together with whitefly instars, not reducing the prédation of whiteflies 
compared to those offered exclusively and resulting in practically doubling for all Nt 
female the total prédation results of the mixed prey. In order to determine the suitability 
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to its combination with other natural enemies, like whitefly parasitoids, feeding trials 
were conducted at the IRTA laboratory. Nymphs (N4), adult males and females of N. 
tenuis, were offered for choice L3 and L4 larval stages or adults of B. tabaci together 
with parasitized L3, pupae or adults of the whitefly parasitoid Eretmocerus mundus, 
respectively, in order to establish a selectivity towards the parasitoid stages. Still not 
conclusive is the question of the risk of the phytophagous habit of this mirid species 
under lack of prey; negative effects on the productivity of tomatoes have been reported. 

Keywords: Mirid Predators, Biological Control, Olfactometer, Odour Responses, 
Depredation, Populations, Quality Control. 
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MANEJO PREVENTIVO TEMPRANO DE VECTORES DE VIROSIS EN VAINITAS 
(VIGNA SESQUIPEDALIS (L.) FRUW.) EN LA REPÛBLICA DOMINICANA 

C.A. Serra y L. Sânchez. Instituto Dominicano de Investigadores Agropecuarios 
(IDIAF). Santo Domingo, Repûblica Dominicana 

RESUMEN: Se realizô una investigaciôn en la finca de un productor en la provincia de 
La Vega en 2008 con el objetivo de evaluar momentos propicios (5, 15, 25 dias 
después de germinaciôn, ddg) para iniciar un programa de aplicaciones contra afidos y 
otros transmisores de virosis en el cultivo de vainitas. En un ensayo con cuatro bloques 
completos al azar y siete tratamientos (T), se compararon: T1= Testigo no tratado, con 
dos insecticidas comûnmente usados: el sistémico Thiamethoxam (T2=5 ddg, T4=15 
ddg, T6=25 ddg) y el Diafenthiuron (T3=5 ddg, T5=15 ddg, T7=25 ddg). Para adjudicar 
el efecto a las fechas de inicio de aplicaciones, a partir del 32 ddg todas las parcelas 
(T1-7) recibieron tratamientos similares por el productor. Las variables estudiadas 
fueron presencia y severidad de sintomas de virosis, fluctuaciôn poblacional de 
artrôpodos y rendimientos (peso de frutas, exportables y de rechazo). Resultados 
obtenidos: a) El testigo fue significativamente mas afectado por la presencia de 
sintomas y severidad de virosis durante las primeras cuatro evaluaciones; b) a partir de 
la sexta evaluaciôn ya no hubo ninguna diferencia entre los tratamientos; c) en el 
conteo en trampas pegantes no hubo diferencias estadisticas, sin embargo, hubo una 
tendencia de mayor control de afidos y moscas blancas en las parcelas tratadas con 
Thiamethoxam (15 ddg); d) en las mismas, el rendimiento de frutas de primera calidad 
fue superior a los demas; e) en cuanto a pesos de los frutos de rechazos y frutos 
totales, el testigo absoluto produjo menor cantidad que las parcelas tratadas. 

Palabras claves: vainitas chinas, artrôpodos, vegetales orientales, MIP, virosis. 

ABSTRACT: An 'on farm' research was conducted in the La Vega province in 2008 with 
the objective to evaluate the adequate moment (5, 15, 25 days after germination, dag) 
to initiate a program of applications against aphids and other vectors of viruses in long-
yard beans. In a randomized trial with four blocks and seven treatments (T) were 
compared: T1=untreated check, with two commonly used insecticides: the systemic 
Thiamethoxam (T2=5 dag, T4=15 dag, T6=25 dag) and Diafenthiuron (T3=5 dag, T5=15 
dag, T7=25 dag). To adjudicate the effect to the initial applications, from the 32nd dag all 
plots (T1-7) received similar applications by the farmer. The studied variables consisted 
in presence and severity of virus symptoms, fluctuations of arthropod populations and 
yields (weight of fruits, exportable and rejects). Results obtained: a) The check was 
more affected by the presence and severity of symptoms of viruses during the first four 
evaluations; b) from the 6 th evaluation on, there was no longer any difference between 
the treatments; c) concerning the counts on sticky traps, no statistic differences were 
measured, nevertheless, there was a tendency of a higher control of aphids and 
whiteflies in Thiametoxam-treated plots (15 dag); d) in the same, the yields of 1st quality 
fruits was superior to the rest; e) concerning the weights of rejected or total of fruits, the 
check yielded less than the treated plots. 
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Keywords: long-yard beans, arthropods, oriental vegetables, IPM, virosis. 

Introduccion 

Las vainitas chinas son afectadas por varias plagas artrôpodas y enfermedades, siendo 
de especial importancia las virosis, principalmente aquellas transmitidas por afidos. 
Ademas, los daiïos directos producidos por los afidos al extraer un volumen 
relativamente grande de savia para obtener las sustancias alimenticias contribuyen al 
debilitamiento, deformaciones ο formaciôn de agallas en hojas, flores y frutos, retraso 
en el crecimiento y amarillamiento, etc. Los afidos excretan el exceso de la savia en 
forma de liquido azucarado. Este melao sirve de substrato a hongos, como el de la 
fumagina (Capnodium spp.), que interfieren en la funciôn clorofilica de la planta ο bien 
atrae a otros insectos como hormigas y moscas (Collar 1998). 

El aspecto econômico de mayor importancia es la transmisiôn de virosis. La 
transmisiôn puede ser de forma persistente por moscas blancas ο por crisomélidos, 
que pueden ser vectores de virosis de transmisiôn mecanica como el Cowpea Mosaic 
Virus (CPMV) segùn Schmutterer (1990). Sin embargo, de mayor importancia suelen 
ser los afidos, que son vectores muy efectivos de forma no persistente de numerosos 
virus, como por ejemplo el Virus del Mosaico Amarillo de las Judias (BYMV) (Ortiz 
Cortés 2003). La prevenciôn es complicada, ya que estos pueden ser adquiridos por los 
afidos tras muy pocos segundos de contacto con la planta infectada. Ademas, al no 
existir periodo de latencia, el virus puede ser inoculado inmediatamente a una planta 
sana, por lo que el proceso completo de transmisiôn puede producirse en pocos 
minutos (Collar 1998). En consecuencia, disminuye la producciôn, se reduce la calidad 
de los frutos y se generan pérdidas significativas al productor. 

Serra et al. (2007), buscando alternativas para el manejo de artrôpodos en vainitas 
reporta el uso de los productos Thiamethoxam y Diafenthiuron entre otros, para el 
manejo de afidos y otras plagas. Dos de las evaluaciones mostraron una tendencia de 
menor presencia de colonias de afidos en los tratamientos con Thiamethoxam, 
Diafenthiuron y otros comparados con el testigo y un aceite. Sin embargo, no se reflejô 
claramente el efecto obtenido contra afidos en los rendimientos obtenidos, por lo que 
se concluyô, que probablemente se debiô a que se iniciaron las aplicaciones de 
insecticidas aùn muy tarde para proteger las plantulas jôvenes de afidos portadores de 
virus, que emigraron provenientes de plantas virôticas de parcelas cercanas. La 
diseminaciôn de virosis en plantaciones relativamente jôvenes es muy rapida, por lo 
que los productores suelen arrancar las primeras plantas sintomaticas de sus parcelas. 
En casos extremos se requiere de una resiembra. 

El objetivo del estudio consistiô en: (1) evaluar momentos propicios e insecticidas 
alternativos, uno sistémico y otro de contacto, para iniciar un programa de aplicaciones 
(5, 15 ο 25 dias después de la germinaciôn, ddg) contra afidos, moscas blancas y 
cicadélidos (chicharritas), vectores potenciales de virosis en vainitas y la diseminaciôn 
de virosis en el cultivo de vainitas; y (2) determinar el efecto de las medidas 
comparadas sobre los rendimientos y la calidad de frutos en vainitas. 
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Materiales y Métodos 

La investigaciôn se realizô en la finca de un productor/exportador, en El Pinito (N 
19°21" y 0 70°53"), Provincia La Vega, durante el periodo de junio a octubre 2008. El 
experimento en vainitas fue sembrado el 04/07/2008 por siembra directa, con un marco 
de plantaciôn de 1.2 m χ 0.4 m (=0.48 m2 o 20,833 plantas/ha) en cuatro surcos, con un 
area total de 1,747.2 m2, dividido en 28 parcelas de 62.4 m2 (130 plantas) cada una. 
Para las 24 cosechas realizadas en ocho semanas (25/08-22/10/08), se utilizaron las 
parcelas interiores (~31.2 m2) contando con los dos surcos centrales (~65 plantas). Se 
utilizô un diseiïo de cuatro bloques completos al azar con siete tratamientos (Tabla 1). 
Para el 11 de julio ya habia completado la germinaciôn y se realizaron las aplicaciones 
iniciales a 5, 10 o 15 ddg, respectivamente. 

Tabla 1. Tratamientos, dosificaciones e inicio de aplicaciones en dias 
después de germinaciôn (ddg) en el ensayo en vainitas. 
Tratamientos T1 T2 T4 T6 T3 T5 T7 
Fechas Testigo Thiametoxam 0.017% Diafenthiuron 0.033% 

Aplicaciones iniciales 
16/07/08 (5ddg) — X — — X — — 

26/07/08 (15ddg) — — X — — X — 

05/08/08 (25ddg) — — — X — — X 
a partir del 12/08 

(^32 ddg) 3x Avermectin 
Proqrama del aqricultor 
a (Vertimec®); 1 χ Triclorfon (Diptox®) 

Solo se realizaron très aplicaciones como tratamientos en las fechas senaladas 
anteriormente, ya que el objetivo del ensayo era de establecer diferencias entre las 
fechas de inicio de las aplicaciones y los dos productos. Por lo tanto, a partir de 32 ddg 
se realizaron aplicaciones generales por el productor en todas las parcelas, incluyendo 
en las del testigo (3x Avermectina, Vertimec®; 1x Triclorfon, Diptox®). Todas las 
labores agronômicas incluyendo manejo de malezas y enfermedades foliares fueron 
realizadas por el productor de la manera tradicional. 

Las variables evaluadas fueron: 

a) Fluctuaciôn poblacional de artrôpodos: se efectuaron seis conteos semanales de 
colonias de afidos a partir de las dos semanas de inicio de las aplicaciones (5 
ddg). Los monitoreos utilizando trampas amarillas pegantes (100 cm2) se 
realizaron durante 12 semanas, cambiadas semanalmente; dos por cada parcela y 
se contaron los artrôpodos (afidos, moscas blancas y cicadélidos) atrapados 
usando una lupa estereoscôpica (x40). 

b) Presencia de sintomas de virosis en plantas y su severidad, a partir de 20 ddg se 
realizaron 12 evaluaciones semanales en 20 plantas de vainitas por parcelas 
seleccionadas al azar. Se utilizô una escala, donde: 0 = planta sana sin sintoma; 
1 = planta con sintomas leves (hojas nuevas con deformaciones y/o coloraciôn 
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tipica); 2 = planta con sintomas severos (partes de la planta con hojas deformadas 
y retraso en el crecimiento y; 3 = planta con sintomas muy severos (enanismo y 
hojas severamente afectada), segùn Serra et al. (1997). 

c) Rendimientos: se consideraron el peso de frutos cosechados très veces por 
semana con un total de 24 cosechas (25/08-22/10/08), utilizando las dos hileras 
centrales por parcela como parcela interior. Se determine» el peso de vainitas de 
primera calidad para exportaciôn y de rechazo destinado al mercado local. 

Resultados y Discusiôn 

Durante los cuatro meses observados, apenas se registraron precipitaciones en seis 
semanas, de las cuales en très fue de consideraciôn y causaron inundaciones: la 2da y 
3era semana de septiembre (263 y 154 mm) y ùltima de octubre (562 mm). 

1.5 

8 Mg&08 Wg&l08 ^fè/09 

T r a t a m i e n t o s (api . 16 /07 , 2 6 / 0 7 ο 0 5 / 0 8 ) 

Figura 1. Presencia de colonias de âfidos y relaciôn con sintomas de 
virosis en plantas de vainitas ( Vigna sp.), El Pinito, La Vega 
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Presencia de Sintomas y Severidad de Virosis 

La Figura 1 y la primera parte de la Tabla 2 recogen los promedios résultantes de seis 
conteos semanales de colonias de afidos y presencia y severidad de sintomas de 
virosis en plantas escogidas al azar. El periodo evaluado comenzô a las dos semanas 
de inicio de las aplicaciones (5 ddg). Las plantas suelen mostrar primeras sintomas de 
virosis, alrededor de 12 a 15 dias después de ocurrida la infecciôn. La comparaciôn de 
los graficos résultantes de esta evaluaciôn hasta un mes después de la tercera 
aplicaciôn a los 25 ddg muestra en tendencia una cercana relaciôn entre la apariciôn y 
severidad de sintomas virôticos y la existencia de colonias de afidos en plantas 
jôvenes, especialmente comparando los datos del testigo no aplicado tempranamente y 
los demas tratamientos. Por lo tanto, el testigo fue altamente significativamente mas 
afectado por la presencia de sintomas y severidad de virosis entre la 2da. y 5ta. 
evaluaciôn, que los demas tratamientos. 

Tabla 2. Severidad (0-3) de sintomas de virosis en funciôn de los 
tratamientos con Thiametoxam y Diafenthiuron (promedios/20 plantas) 

Tratamientos: 
1 2 3 4 5 6 7 

Tratamientos: Test. Thiam. Diaf. Thiam Diaf. Thiam Diaf. 

Eval.: P-1 DM 
S 

5 de g 15 ddg 25 ddg 

29/7 — 0 0 0 0 0 0 0 0 
5/8 .0001*** 0.1 0.80b 0.20a 0.18a 0.19a 0.14a 0.18a 0.15a 
12/8 .0001*** 0.1 0.79b 0.20a 0.16a 0.29a 0.15a 0.19a 0.24a 
19/8 0.0287* 0.05 

Λ 
1.29c 0.23abc 0.30bc 0.10a 0.30ab 0.18ab 0.19ab 

26/8 0.0323* 0.3 0.69b 0.45ab 0.39ab 0.48ab 0.43ab 0.31a 0.39ab 
3/9 0.729ns 0.6 0.56 0.24 0.44 0.35 0.33 0.33 0.35 
9/9 0.675ns 0.3 0.31 0.23 0.20 0.19 0.38 0.26 0.29 
19/9 0.203ns 0.4 0.14 0.16 0.50 0.16 0.21 0.11 0.21 
25/9 0.920ns nsA 0.43 0.23 0.15 0.15 0.31 0.36 0.16 
3/10 0.203ns 0.4 0.30 0.16 0.50 0.16 0.21 0.11 0.21 
13/10 0.825ns 0.6 0.54 0.24 0.44 0.46 0.31 0.46 0.35 
22/10 0.920ns nsA 0.26 0.13 0.11 0.15 0.09 0.19 0.66 
Total .0016** 2.4 6.10b 2.60a 3.11a 2.64a 2.81a 2.79a 3.40a 
1Letras diferentes en la misma fila indican diferencias significativas (P< 0.05); 
AKruskal-Wallis 

Monitoreo de Àfidos, Moscas Biancas, Cicadélidos y Plantas Virôticas 

En cuanto a los promedios totales de afidos, moscas blancas y cicadélidos atrapados 
en trampas amarillas (12 semanas: 23/07-22/10/08), no hubo diferencias significativas 
para afidos, moscas blancas ni cicadélidos (ANAVA, P= 0.745, 0.185 y 0.919, 
respectivamente). 
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Las Figuras 2 y 3 (ANEXO) y Tabla 2 presentan el seguimiento por 12 semanas de la 
severidad media de sintomas de virosis en vainitas y las fluctuaciones poblacionales de 
très familias de los vectores potenciales afidos, cicadélidos y moscas blancas obtenido 
por monitoreo a través de trampas pegantes amarillas (12 semanas: 29/7-22/10/08). 
Confirman basicamente los resultados de Figura 1. Mientras que los mayores valores 
de afidos atrapados se registraron en la semana del 5/8, la curva de la severidad de 
sintomas de virosis alcanza su pico dos semanas después (19/8), habiendo una 
diferencia muy altamente significativa entre el testigo y los demas tratamientos, sin 
éstos mostrar diferencias muy definidas entre ellos. De las 12 evaluaciones los 
productos que mostraron una mayor tendencia de control de la presencia de sintomas y 
severidad de virosis fue el Diafenthiuron aplicado a los 15 ddg, seguido por el 
Thiametoxam a los 15 y 25 ddg. 

En esta evaluaciôn por medio de trampas pegantes, ninguno de los tratamientos se 
diferenciaron estadisticamente, sin embargo hubo una tendencia de mayor control de 
afidos y mosca blanca en las parcelas tratadas con Thiamethoxam/15 ddg; mientras 
que aplicado a los 5 ddg mostrô tendencia de control contra cicadélidos, que, segùn se 
pudo observar, provenian sobre todo de malezas monocotiledôneas circundantes. 

Tabla 3. Promedios totales de âfidos, moscas blancas y Cicadellidae 
atrapados en trampas amarillas (12 semanas: 23/07-22/10/08), El Pinito, 

La Vega 

Tratamiento Afidos Moscas Cicadellidae 
Blancas 

Testigo 7.0 19.0 11.3 
Thiametoxam 5 ddg 10.5 13.3 8.3 
Diafenthiuron 5 ddg 9.5 13.3 11.3 
Thiametoxam 15 ddg 6.5 8.0 9.0 
Diafenthiuron 15 ddg 12.3 8.5 10.0 
Thiametoxam 25 ddg 8.0 11.5 14.0 
Diafenthiuron 25 ddg 8.0 21.0 10.8 
P- ' 0.7451 0.185 0.919 
DMS 12.3 17.7 15.1 

1 Promedios de la misma columna marcados con letras distintas difieren 
significativamente (p< 0.05) 

Ademas, ambas figuras demuestran, de que luego de la inclusion del plan de 
aplicaciones del productor (a partir del dia 32 ddg) en todas las parcelas incluyendo las 
del testigo, éstas ùltimas observan una lenta recuperaciôn para obtener resultados 
similares a los demas tratamientos alrededor del 9/9. 

Mientras que las curvas de los afidos y cicadélidos tienen una tendencia parecida con 
un aumento en las primeras semanas y luego una lenta disminuciôn, aquella de las 
moscas blancas aumenta lentamente hacia el final. Los promedios de cada una de las 
curvas comparadas entre si no mostraron ninguna diferencia significativa entre los 
tratamientos (Tabla 3). En las evaluaciones de campo se apreciô una mucho mayor 
presencia de virosis causada por afidos que por moscas blancas. 
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Son sobre todo los afidos alados, que inmigran a las parcelas desde otros cultivos 
establecidos en la zona, que pueden portar particulas de virus desde cultivos mas 
desarrollados ο abandonados después de finalizar la cosecha. Por lo tanto, las siempre 
exigidas medidas de saneamiento siguen teniendo su vital importancia para el manejo 
del complejo virus-vector-planta. 

Cabe ademas senalar, que los crisomélidos Cerotoma ruficornis (Oliv.) y Diabrotica 
balteata Leconte han sido observados como plagas directas perforando las hojas, 
sobre todo en plantaciones jôvenes. Estas especies también fueron reportados como 
vectores del 'virus del mosaico severo del caupi' (CSMV, ver Figura A3c., transmitido 
de forma mecanica (Schmutterer 1990). 

Rendimientos en Frutos de Primera Calidad y Rechazos 

Con el tratamiento Thiamethoxam tratado a los 15 ddg, el rendimiento de frutos de 
primera calidad fue superior a los demas (Tabla 4). La diferencia estadistica (p=0.02*) 
existiô apenas el T4=Thiamethoxam a los 15 ddg y el testigo, presentando este ùltimo 
el menor rendimiento. Los demas tratamientos no se diferenciaron entre ellos. En los 
pesos de frutos de rechazos (p=0.0013**) y totales (p=0.001***, ANAVA, Tukey), 
solamente hubo diferencias altamente significativas entre el de menor cantidades, el 
testigo, y los demas tratamientos, respectivamente. 

Tabla 4. Rendimiento de frutos de primera calidad, rechazos y totales en Tm/ha 
cosechados durante ocho semanas (25/08-22/10/08), El Pinito, La Vega 

Tratamientos/ddg 1era Calidad Rechazo Total 
Testigo 2.64a 1.05a 3.69a 
Thiametoxam 15 3.26ab 1.51 b 4.77 b 
Diafenthiuron/5 3.24ab 1.55 b 4.79 b 
Thiametoxam/15 3.53 b 1.44 b 4.97 b 
Diafenthiuron /15 3.12ab 1.51 b 4.63 b 
Thiametoxam 125 3.25ab 1.58 b 4.83 b 
Diafenthiuron/ 25 3.22ab 1.62 b 4.84 b 

P- ' 0.020* 0.0013** 0.001*** 
1Letras distintas en la misma columna indican diferencias estadistica significativas 
(p<0.05, Tukey) 

Conclusiones 

• Sintomas de virosis surgieron a partir de la segunda semana evaluada, ya que 
requiere un periodo de alrededor de dos semanas entre la infecciôn y expresiôn de 
sintomas. 

• El testigo fue el mas afectado por los sintomas y severidad (semanas 1 -6 y totales) 
• No hubo una tendencia de aumento de presencia de sintomas y severidad acorde al 

avance de las evaluaciones. 
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• Con el uso de las trampas amarillas se pudo dar seguimiento a las poblaciones de 
afidos y otros potenciales transmisores de virosis (moscas blancas y Cicadellidae). 

• Aunque no hubo diferencia estadistica hubo una tendencia de mayor control de 
afidos y mosca blanca en las parcelas tratada con Thiametoxam a los 15 dias. 

• El uso del producto Thiametoxam produjo una mayor cantidad de frutos de 1era. 
calidad en la primera semana de cosecha y los frutos totales cuando se aplicô a los 
15 dias después de la germinaciôn. 
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CULTURAL AND CLASSICAL BIOCONTROL STRATEGIES TO MITIGATE THE 
IMPACT OF HYPOGEOCOCCUS PUNGENS (HEMIPTERA: PSEUDOCOCIDAE) ON 
THE PUERTO RICO DRY FOREST 

J.C.V. Rodrigues1, E. Velez\ A. Galindo-Cardona\ A. Francis2, A. Roda3, and M. 
Ciomperlik4. 1 University of Puerto Rico, Department of Crops and Agro Environmental 
Sciences, Agricultural Experimental Station, Puerto Rico, 2Florida Department of 
Agriculture & Consumer Services, Division of Plant Industry Hayslip. Biological Control 
Research and Containment Laboratory, Florida, 3USDA, APHIS, PPQ, CPHST Miami 
Lab, Florida, 4USDA, APHIS, PPQ, CPHST Mission Lab, Texas, United States of 
America 

ABSTRACT: The Harrisia cactus mealybug (HCM), Hypogeococcus pungens 
(Hemiptera: pseudococcidae) is a pest that severely affects endemic columnar cacti in 
Puerto Rico. A direct consequence of its feeding is galling induction, branch dieback 
and death of the infested plants. The objective of this study was to develop a 
sustainable management program to suppress HCM populations on cacti in the dry 
forest of Puerto Rico and reduce the dispersion rate of the mealybugs to other 
vulnerable areas in the Caribbean region, especially in Mexico where they are of 
economic importance. A cultural management option explored was the removal of galls 
combined with biocontrol. Experiments were conducted at two locations in Puerto Rico 
dry forest (Guanica and Cabo Rojo). For each location a total of sixty plants had all galls 
removed while equal number of plants remained untouched and were used as 
experimental control. All plants were marked, and had branches number and size 
determined. During six months the cacti plants development to was monitored and 
evaluated. The cacti plants responded favorably to the elimination of the galls by the 
increasing both number (n=3.1 to 12.3) and length (53.12cm to 175.6cm) of their 
branches on Guanica and Cabo Rojo, respectively. These data represent 13.3% to 
20.0% of new vegetative grown in comparison to the plant which galls were not 
removed. Two natural enemies, Leptomastidea sp. (Hymenoptera:Encyrtidae) and 
Decadiomus hughesi (Coleoptera:Coccinellidae) have been consistently recorded 
attacking HCM in both locations and evaluation of biocontrol agents performance in 
both treatments are under way. Therefore, it becomes necessary to mass-rear the 
natural enemies and periodically release combine the removal of galls with the release 
of natural enemies. 

Keywords: Cultural, Classical, Biocontrol, Pest. 
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EXTENSION PLANT DISEASE DIAGNOSTIC LAB SERVICE PROVIDED TO 
GROWERS FOR THE DETECTION OF HUANGLONGBING IN CITRUS IN FLORIDA 

P.D. Roberts, K. Hendricks, and S. Teems. Southwest Florida Research and Education 
Center, University of Florida, Florida, United States of America 

ABSTRACT: The Huanglongbing (HLB) Diagnostic Lab, located at the Southwest 
Florida Research and Education Center, University of Florida, was established in 
February 2008 with funds appropriated by the Florida legislature. The HLB Diagnostic 
lab provides real-time PCR detection of the putative causal agent of HLB, Candidatus 
Liberibacter asiaticus. The disease is also known as citrus greening. The service is 
provided free of charge to citrus growers, homeowners, and University of Florida 
extension personnel. The purpose of the HLB Diagnostic Lab was to provide detection 
service to growers to aid in management decisions, particularly when tree removal was 
practiced to reduce inoculum. As of March 2013, the lab has processed nearly 40,000 
citrus samples from growers located throughout Florida. Additionally, more than 28,000 
samples have been received for research projects. In July 2009, 69% of the samples 
submitted by growers were positive for HLB compared to 90% in 2013. However, the 
number of samples submitted by growers is decreasing as scouting for the disease is 
being discontinued in many operations due to the high incidence of HLB, reaching 
nearly 100% in some blocks. The service continues to support growers in their 
management efforts against HLB. 

Keywords: Extension, Plant, Disease, Diagnostic, Lab Service, Huanglongbing, Citrus. 
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HOST RANGE, DISTRIBUTION, IMPACT AND ASSORTED NATURAL ENEMIES OF 
RAOIELLA INDICA (ACARI: TENUIPALPIDAE) IN TRINIDAD AND TOBAGO 

F. Hosein. Research Division, Ministry of Food Production, Trinidad and Tobago 

ABSTRACT: Raoiella indica Herst (Acari: Tenuipalpidae), a new invasive pest in the 
region, has been found reproducing on 50 monocot plant species in Trinidad and 
Tobago. These hosts include the families of, Arecales (Arecaceae), Zingerberales 
(Heliconiaceae, Musaceae, strelitziaceae, Zingibeeraceae, Marantaceae) and 
Pandanales (Pandanaceae). Important indigenous hosts include Mauritia flexuosa, 
Desmoncus orthacanthos, Sabal mauritiiformis (Arecaecea) Heliconia bihai, H 
psittacorum, H. marginata, H. spartho-circinata, Calathea lutea, Renealmia alpina 
(Zingerberales). The mite has been found widely distributed throughout Trinidad and 
Tobago with high population levels on coconut (Cocos nucifera) and Mauritia flexuosa, 
in the Nariva swamp, resulting in substantial yield reduction, premature yellowing and 
necrosis of fronds. Natural enemies found associated with the mite include: predatory 
mites Amblyseius largoensis (Phytoseiidae), Cheletomimus sp. (Cheyletidae), and 
Bdella sp. (Bdellidae), predatory thrips Aleurodothrips fasciapennis ((Thysanoptera), 
lacewing Ceraeochrysa sp. (Neuroptera) beetles (Coleoptera: Coccinelidae), and 
spiders (Aranae). In addition to Red Palm Mite, most of these predators also feed on 
other arthropods found associated with the host plants. As part of an integrated 
management strategy for the management of this invasive pest, digital methods are 
being adopted to determine the efficacy and potential of these natural enemies on the 
Red Palm Mite. 

Keywords: Red Palm Mite, Raoiella indica, Distribution, Hosts, Arecaceae, Heliconias, 
Zingerberales, Natural Enemies, Predatory Mites, Phytoseiidae , Predatory Thrips, 
Neuroptera. 
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INFECTION OF ACANTHOCEPHALAN WORM (NEOECHINORHYNCHUSAGILIS) IN 
GREY MULLET (MUGILCEPHALUS) FROM BERBICE RIVER-CORENTYNE COAST, 
GUYANA 

S. Rajeshkumar1 and A. Ansari2. rUnit of Toxicology, Faculty of Agriculture and 
Forestry, University of Guyana, Guyana, 2Faculty of Natural Science, Department of 
Biology, University of Guyana, Guyana 

ABSTRACT: The study describes the infection of the acanthocephalan, 
Neoechinorhynchusagilis sp. In the Mugil cephalus (grey mullet) is highly valued food 
along the Corentyne Coast of Guyana which implicates its importance in present study. 
The fish Mugil cephalus were collected from five different sites such as (Bush Lot, 
Whim, 43 Village, 63 Beach and 79 Village) of Corentyne. The infections with the 
parasites were observed in the posterior region of the intestine, liver and muscle, almost 
blocking the lumen and examination. At the site of parasite attachment, the surface of 
the intestine appeared thickened and the mucosal epithelium showed compression and 
abrasion. Though the worm acanthocephalan, Neoechinorhynchusagilis substantially 
damaged the architecture of the intestinal tissues, no apparent ill effects on the general 
health condition of the fish was observed. This is the first report of Mugil cephalus of 
Berbice River, Corentyne Coast from Guyana. 

Keywords: Acanthocephalans, Spiny Headed Worm, Neoechinorhynchusagilis, Mugil 
cephalus. 
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INFLUENCE OF HARVEST DATE ON SWEET POTATO WEEVIL DAMAGE 

T.W. Zimmerman, S.M.A. Crossman, and C. Montilla. The University of the Virgin 
Islands Agricultural Experiment Station, Virgin Islands, USVI 

ABSTRACT: Sweet potato weevil is the most serious pest of sweet potato, not only in 
the Virgin Islands and throughout the Caribbean. It causes damage in the field and in 
storage. The objective was to evaluate harvest date and weevil damage in sweet 
potatoes. Fifteen sweet potato varieties were grown and established in a replicated trial 
at one foot in-row spacing and four feet between rows. Cuttings from virus free stock 
plants were spaced at one foot in row and four feet between rows. Weevil traps were 
distributed throughout sweet potato plantings and monitored weekly. Harvest was 
conducted at 120 and 150 days. Weevils were found to increase during the initial four 
weeks and stabilized during the rest of the growing. Through the course of the trial, 
1,640 male weevils were captured and destroyed. These numbers however indicate 
that sweet potato weevils were at a high pressure throughout the growing period. 
Marketable production was reduced the longer the sweet potato remains in the field 
after 120 days. The varieties 'Evangeline', 'St Kitts' and 'White Jewel' had minimal 
weevils at 120 days but less 50% marketable roots after 150 days. Six varieties had 
good production and weevil tolerance. These were 'Francia', 'Liberty', 'Mojave', 
Okinawa', 'Toquecita' and 'Yellow Sunflower'. This research was supported through a 
grant from the VI Department of Agriculture Specialty Crops Block Grant Program. 

Keywords: Harvest Date, Sweet Potato, Weevil, Damage, Pest. 
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MANAGEMENT OF PEPPER WEEVIL, ANTHONOMUS EUG EN I I CANO 
(COLEOPTERA: CURCULIONIDAE) USING BIOLOGICAL AND CHEMICAL 
INSECTICIDES 

D. R. Seal and C. M. Sabines. Tropical Research and Education Center (TREC), 
University of Florida-IFAS, Homestead, Florida, USA 

ABSTRACT: Two studies were conducted to evaluate the effectiveness of various 
biological and chemical insecticides in managing pepper weevil (PW), Anthonomus 
eugenii Cano. The active components of biological insecticides were Chromobacterium 
subtsugae (Strain PRAA4-IT) (MBI 203) and Burkholderia sp. (strain. A396) (MBI 206). 
MBI-203 is also known as Grandevo™. Both MBI 203 and MBI 206 are active against 
insects upon ingestion. Biological insecticides provided significant reduction of PW 
when used in rotation with thiamethoxam (Actara®) and acetamiprid (Assail®). In 
another study, experimental insecticides (F9318) showed reduction of PW adults and 
infested fallen fruits. Thiamethoxam was effective against PW in both studies. 

Keywords: Pepper weevil, bacterial insecticide, neonicotinoid, control. 

Introduction 

The pepper weevil (PW), Anthonomus eugenii Cano, is the most insidious biotic 
constraint on the production of various types of pepper (Capsicum annuum L.) in 
Florida, California, Texas, Mexico, Central America, and the Caribbean (Burke and 
Woodruff 1980, Patrock et al. 1992, Patrock and Schuster 1987). Feeding by larvae 
and adults (Figures 1 and 2) causes severe losses in both yield and fruit quality (Elmore 
et al. 1934, Schuster and Everett 1982). Campbell (1924) found up to 100% infestation 
of young pepper in commercial fields. Infested flowers and fruits are abscised and drop 
to the ground (Riley 1990, Seal and Schuster 1995). Moreover, high PW infestations 
have been observed to defoliate pepper plants and to prevent fruiting (Rolston, 1977). 

Currently pepper growers use oxamyl (Vydate®) and Thiamethoxam (Actara®) to combat 
PW. Frequent use of these insecticides may cause development of resistance in PW. 
In the present study, we assessed potentiality of biological insecticides and new 
chemical insecticides in managing PW in pepper fields. 

Materials and Methods 

Two studies were conducted in Tropical Research and Education Center, University of 
Florida, research plots at Homestead, Florida. Transplants of 'Jalapeno' pepper were 
set 12 March 2012,12 inches apart on 8 inches high and 32 inches wide beds of 
Rockdale soil. The beds were supplied with drip irrigation lines and covered with 1,5-mil 
thick black polyethylene mulch. Plants were irrigated twice daily using the drip system. 
Fertilizer (N-P-K mix) was applied at 200-50-240 lb/acre at the time of preparing beds. 
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In the first study, various treatments evaluated were: 1. MBI-203 DF2 at 2 lbs/acre; Ζ 
MBI-203 DF2 at 3 lb/acre; 3, MBI-206 EP at 1 gallon/acre; 4 MBI-206 EP at 2 
gallon/acre; 5, MBI-203 DF2 at 1 lb/acre + MBI-206 EP at 1 gallon/acre; & MBI-206 EP 
at 2 gallon/acre rotated with MBI-203 DF2 at 2 lbs/acre;^ MBI-203 DF2 at 2 lbs/acre 
rotated with Assail 30SC (acetamiprid) at 4 oz/acre; 8. MBI-206 EP at 2 gallon/acre 
rotated with Assail 30SC (acetamiprid) at 4 oz/acre; 9, MBI-206 EP at 2 gallon/acre 
followed by Actara (thiamethoxam) at 5 oz followed by MBI-206 EP at 2 gallon/acre 
followed by Assail 30SC (acetamiprid) at 4 oz/acre. Thiamethoxam (Actara) was used 
as a commercial standard. All insecticide treatments were compared with a nontreated 
check treatment where all plants were sprayed with water. All treatment plots were each 
30 ft long and 3ft wide replicated four times in randomized complete block design. 

In the second study, treatments evaluated were: 1. F9318 at 15 and 19 oz/acre; 2. 
thiamethoxam (Actara) at 3.75 oz/acre; and 3. a nontreated check. All treatment plots 
were each 30 ft long and 3ft wide which were replicated four times in randomized 
complete block design. 

Application of all treatments was initiated one week before flowering. Treatments in 
both studies were applied once a week for four weeks using a backpack sprayer 
delivering 70 gallons per acre at 30 psi. Evaluation of insecticides was made 48 h after 
each application by thoroughly checking five plants per treatment plot for PW adults. 
PW infested fruits and flowers were also collected at the time of checking plants at 
flowering and fruiting. Infestation was confirmed by dissecting flowers and fruits to 
observe pepper weevil development stages. 

Statistical Analysis 

Data were analyzed using SAS Version 7 (SAS Institute Inc., 1998). All data were 
transformed (square root of χ + 0.25) to stabilize error variance. General linear model 
procedures were used to perform analysis of variance. Means were separated by using 
Duncan's Multiple Range Test (DMRT). 

Results and Discussion 

In the first study, bacterial insecticides significantly reduced PW adults on all sampling 
dates when compared with the nontreated control (Figure 3). MBI 203 did not differ 
among experimental rates in reducing PW adults. On the other hand, MBI 206 provided 
better reduction of PW adults than MBI 203. MBI 203 at 2 lbs/acre rotated with 
acetamiprid significantly reduced PW adults when compared with nontreated control 
and other insecticide treatments. Similar result was observed when MBI 206 was 
rotated with acetamiprid. Thiamethoxam alone or in rotation with MBI products and 
acetamiprid provided superior reduction of PW adults when compared with the 
nontreated control. 
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All bacterial insecticides (MBI-203 and MBI 206) significantly reduced PW infested fallen 
fruits (Figure 4). Thiamethoxam alone or in rotation with MBI products and acetamiprid 
provided superior reduction of PW infested fruits. 

In the second study, F9318 (15 and 19 oz/acre) and thiamethoxam significantly reduced 
PW adults when compared with the nontreated control (Figure 5). Infested fruits were 
also significantly fewer on the F9138 treated plants than on the nontreated plant (Figure 
6). 

Conclusion 

FBI 9318 products are effective in suppression of pepper weevil populations on pepper. 
Use of FBI 9318 products can be used in rotation with other chemical insecticides to 
manage pepper weevil populations in pepper. This practice will help reducing use of 
chemical insecticides and delay development of resistance in pepper weevil against any 
specific insecticide. 
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Figure 1. Pepper weevil adult Figure 2. Pepper weevil larvae 
inside a pepper fruit 
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Figure 3. Mean numbers of pepper weevil adults/ 25 feet long plot (four 
replications) on various sampling dates. 
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Illustration of X axis labels. MBI-203-1: MBI-203 at 2 lb/acre, MBI-203-2: MBI-203 
at 3 lb/acre, MBI-206-1: MBI-206 at 1 gallon/acre, MBI-206-2: MBI-206 at 2 
gallon/acre, 203 + 206: combination of MBI 203 at 1 lb/acre and MBI 206 at 1 
gallon/acre; 206-203: MBI-206 EP at 2 gallon/acre rotated with MBI-203 DF2 at 2 
lb/acre; 203-assail: MBI-203 DF2 at 2 lb/acre rotated with acetamiprid at 4 oz/acre; 
203-assail: MBI-206 EP at 2 gallon/acre rotated with acetamiprid at 4 oz/acre; 206-
act-assa: MBI-206 EP at 2 gallon/acre followed by thiamethoxam (Actara) at 5 
oz/acre followed by MBI-206 EP at 2 gallon/acre followed by acetamiprid (Assail 
30SC) at 4 oz/acre. 
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Figure 4. Mean numbers of infested fruits/25 feet long plot (four replications) 
on various sampling dates. 

Illustration of X axis labels. MBI-203-1: MBI-203 at 2 lb/acre, MBI-203-2: MBI-203 at 
3 lb/acre, MBI-206-1: MBI-206 at 1 gallon/acre, MBI-206-2: MBI-206 at 2 
gallon/acre, 203 + 206: combination of MBI 203 at 1 lb/acre and MBI 206 at 1 
gallon/acre; 206-203: MBI-206 EP at 2 gallons/acre rotated with MBI-203 DF2 at 2 
lbs./acre; 203-assail: MBI-203 DF2 at 2 lbs./acre rotated with acetamiprid at 4 
oz/acre; 203-assail: MBI-206 EP at 2 gallons/acre rotated with acetamiprid at 4 
oz/acre; 206-act-assa: MBI-206 EP at 2 gallons/acre followed by thiamethoxam 
(Actara) at 5 oz/acre followed by MBI-206 EP at 2 gallons/acre followed by 
acetamiprid (Assail 30SC) at 4 oz/acre. 
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F9318-15 F9318-19 Actara Control 

Figure 5. Mean numbers of pepper weevil adults/25 feet long plot (four 
replications) on various sampling dates. 

Illustration of X axis labels. F9318-15: F9318 at 15 oz/acre; F9318-19: F9318 at 19 
oz/acre; Actara (thiamethoxam ): Actara at 3.75 oz/acre 
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F9318-15 F9318-19 Actara Control 

Figure 6. Mean numbers of infested fruits/25 feet long plot (four replications) 
on various sampling dates. 

Illustration of X axis labels. F9318-15: F9318 at 15 oz/acre; F9318-19: F9318 at 19 
oz/acre; Actara (thiamethoxam ): Actara at 3.75 oz/acre 
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OUTBREAK OF RUST, PUCCINI A PSIDII WINT ON PRIMROSE (SYZYGIUM 
JAMBOS) MYRTACEAE IN TRINIDAD 

F. Hosein and K. Jennings. Research Division, Ministry of Food Production, Trinidad 
and Tobago 

ABSTRACT: The invasive fungal pathogen Puccinia psidii, is a devastating rust with a 
very wide host range within the Myrtaceae. The rust was first detected as a major 
foliage disease on primrose (Syzygium jambos) affecting 100% plants within the 
Cascade area in January 2013. This disease has subsequently been observed at other 
locations in North Trinidad. At the Santa Cruz propagation station 100% seedlings, 
propagating material and mature trees were infected. Pomerac (S. malaccence) was 
also observed with low infection levels on leaves. At the Central Experiment Station's 
gene bank of exotic plants, different levels of infection occurred on 50% of the existing 
primrose stock plants. The disease is destructive on all growth stages inclusive of 
seedlings and mature plants. Severe defoliation, inflorescences and fruit infection and 
fruit drop were also associated with the rust .The severity of the disease has been 
classified using a scale varying from 1-5, with 1=initial spot and 5=death of leaves and 
defoliation. Primrose is an exotic plant that is not widely grown throughout Trinidad; 
however, the rust poses additional threat to other exotic and native plants within the 
Myrtacae. At present, a multi-locational survey is being conducted to determine the 
severity of the disease and its distribution within the country. Additionally, methods of 
management strategies and host range studies are being pursued to deal with the 
outbreak. 

Keywords: Invasive, Rust Outbreak, Puccinia psidii, Primrose (Syzygium jambos) 
Myrtaceae, Pomerac (S. malaccence). 
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RESPONSE OF CHILLI THRIPS, SCIRTOTHRIPS DORSALIS HOOD 
(THYSANOPTERA: THRIPIDAE) TO VARIOUS CHEMICAL AND BIOLOGICAL 
INSECTICIDES 

D.R. Seal. University of Florida-IFAS, Tropical Research and Education Center, Florida, 
United States of America 

ABSTRACT: The chilli thrips, Scirtothrips dorsalis Hood is a newly introduced 
devastating pest of fruits, ornamentals and vegetables in the regions of its distribution. 
S. dorsalis arrived in St. Vincent and the Grenadines prior to 2003. It invaded Florida 
and Texas in 2005, and has been an emerging pest of landscape ornamental plant 
species and of a few other economically important crops in the USA and the Caribbean. 
The potential geographic distribution of S. dorsalis in the Western Hemisphere probably 
includes much of Latin America. The pest causes severe feeding damage to tender 
meristems and other tissues of more than 200 plant species among 40 different families 
of plants. We evaluated insectides belonging to different mode of action groups to 
manage this pest. Various chemicals included in this are: (i) Nicotinic acetylcholine 
receptor agonists (neonicotinoids, i.e., imidacloprid, thiamethoxam and dinotefuran), (ii) 
nicotinic acetylcholine receptor allosteric activators (spinosyns, i.e., spinosad and 
spinetoram), (iii) sodium channel modulators (pyrethroids, i.e., B-cyfluthrin, 
esfenvalerate, zeta-cypermethrin and Lambda-cyhalothrin), and (iv) Miscellaneous 
nonspecific multi-site inhibitors, i.e., borax , which was mixed together with orange oil 
and detergents in the Tricon™ formulation. In addition we evaluated the use of the 
entomopathogenic fungus, Beauveria bassiana (formulated as Botanigard®), and the 
combined use of Botanigard® and Tricon™ at % of their usual rates of application. 
Against S. dorsalis adults, when applied as a single foliar spray, imidacloprid 
(Provado®) was superior to thiomethoxam (Actara®) and to spinosad. Imidacloprid and 
spinosad remained very effective throughout 15 days, whereas, thiomethoxam was very 
effective only during the first 10 days, but thereafter scarcely more effective than the 
control. Against S. dorsalis larvae, when applied as a single foliar spray, imidacloprid 
(Provado®) was superior to thiomethoxam (Actara®) and spinosad during the first 10 
days; while thereafter through day 15 thiomethoxam and spinosad remained sufficiently 
effective to prevent resurgence of the population, which burgeoned in the control. 
Against both adults and larvae, when applied as a single foliar spray, spinosad, 
spinetoram (XDE-175) and dinotefuran (Venom®) were highly effective for 10 days. 
Spinetoram equaled spinosad in effectiveness, and both were marginally more effective 
between 6 and 10 days than dinotefuran. When applied as a single soil drench, 
imidacloprid (Admire®), and thiamethoxam (Platinum®) were highly effective against S. 
dorsalis adults and larvae throughout 10 days, but dinotefuran was significantly less 
effective, albeit considerably more effective than the control. Thus, neonicotinoid 
insecticides provided a level of control of S. dorsalis similar to spinosad. Dinotefuran 
was much more effective in foliar applications than in soil drenches. Spinetoram 
equaled spinosad in effectiveness. TriCon ™ sprayed on foliage at 7.3 L ha"1 

suppressed both adults and larvae for 5 days about as effectively as spinosad, but not 
satisfactorily thereafter. BotaniGard® sprayed on foliage at 4.54 L ha"1 reduced both 
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adult and larval populations only by about 50% of the control for 5 days but not 
discernibly thereafter. The combination of TriCon ™ and BotaniGard® sprayed on 
foliage at one-half of the above rates did satisfactorily suppress neither adult nor larval 
populations. None of the four pyrethroid insecticides provided substantial control of S. 
dorsalis populations. Since it is highly unlikely that cross resistance between 
neonicotinoids and spinosyns would develop, insecticides belonging to these two 
chemical classes are suitable for rotation in a S. dorsalis management scheme 
designed to prevent the development of resistance to either class of insecticide. 

Keywords: Chilli Thrip, Response, Biological Insecticide, Chemical Insecticide. 
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SUSCEPTIBILITY OF THE ASIAN CITRUS PSYLLID TO POTENTIAL MICROBIAL 
CONTROL AGENTS 

L. Kanga, J. Eason, and S. Hayes. College of Agriculture and Food Sciences, Florida, 
United States of America 

ABSTRACT: The Asian citrus psyllid Diaphorina citri Kuwayama is currently one of the 
most destructive pests to citrus crop in Florida following its introduction in 1988. It is a 
vector of a bacterial disease called "Haunlongbing," also known as "Greening disease". 
The bacterial disease was initially found in Florida by 2005 and presently more than 
43% of Florida's citrus groves are infested with this disease. The deadly combination, 
Asian citrus psyllid and Haunlongbing is a critical threat to the United States citrus 
industry as it continues to spread nationwide. A modified rearing technique was 
developed to provide immature and adult stages of the psyllid for laboratory bioassays. 
Results of Potter tower bioassays indicated that the citrus psyllid was susceptible to 
fungal pathogens. DNA fingerprinting revealed new fungi that could be used as potential 
biological control agents for the Asian citrus psyllid. Overall, our study provided 
promising new avenues for the management of the Asian citrus psyllid. 

Keywords: Microbial Control Agents, Fungal Pathogens, Asian Citrus Psyllid. 
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