
CARIBBEAN FOOD 
CROPS SOCIETY 

45 
Forty Fifth 

Annual Meeting 2009 

Frigate Bay 
Federation of St. Kitts and Nevis 

Vol. XLV 
Number 1 

T-STAR Invasive Species Symposium 

CARIBBEAN FOOD CROPS SOCIETY

SERVING THE CARIBBEAN SINCE 1963



PROCEEDINGS 
OF THE 

45th ANNUAL MEETING 

Caribbean Food Crops Society 
45th Annual Meeting 

July 12-17, 2009 

St. Kitts Marriott & Royal Beach Casino 
Frigate Bay, St. Kitts and Nevis 

"Reality and Potential of Food Security and Agricultural Diversification in Small Island 
Developing States" 

"Realidad y Potencial de la Seguridad Alimentaria y la Diversificaciôn Agricola en 
Pequenos Estados Insulares en Desarollo" 

"Sécurité alimentaire et diversification agricole dans les petits états insulaires en 
développement: réalisations et perspectives". 

United States Department of Agriculture, 
T-STAR Sponsored Invasive Species Symposium 

INVASIVE SPECIES SAFEGUARDING: IMPERATIVE FOR CARIBBEAN 
REGIONAL AGRICULTURAL DIVERSIFICATION AND FOOD SECURITY 

Special Symposium Edition 
Edited by 

Waldemar Klassen, Carlton G. Davis, Edward A. Evans, Sikavas Na-Lampang 
and Wanda Lugo 

Published by the Caribbean Food Crops Society 

© Caribbean Food Crops Society, 2009 

i 



Published by the Caribbean Food Crops Society 

© Caribbean Food Crops Society, 2009 

ISSN 95-07-0410 

Copies of this publication may be obtained from: 

Secretariat, CFCS 
P.O. Box 40108 
San Juan, Puerto Rico 00940 

Mention of company and trade names does not imply endorsement by the Caribbean Food Crops 
Society. 

The Caribbean Food Crops Society is not responsible for statements and opinions advanced in 
this meeting or printed in its proceedings; they represent the views of the individuals to whom 
they are credited and are not binding on the Society as a whole. 

11 



2008-2009 CFCS BOARD OF DIRECTORS AND OFFICERS 

BOARD OF DIRECTORS 

Chair: Dr. Héctor L. Santiago, University of Puerto Rico 
Mr. Kwame Garcia, University of the Virgin Islands 
Dr. Wilfredo Colon, Universidad del Este, Puerto Rico 
Dr. Alberto Beale, University of Puerto Rico 
Dr. Hermia Morton Anthony, Permanent Secretary, Ministry of Housing, 
Agriculture, Fisheries and Co-operatives (HAFC), St. Kitts and Nevis 

Vice Chair: 
Secretary: 
Treasurer: 
2009 President: 

REGIONAL REPRESENTATIVES 
English: 
Mr. Kwame Garcia, University of the Virgin Islands 
Mr. Bruce Lauckner, Caribbean Agricultural Research and Development Institute (CARDI), Trinidad and 

Tobago 
Dr. David Sammons, IFAS, University of Florida 

Spanish: 
Dr. Héctor L. Santiago, University of Puerto Rico 
Mr. Rafael Pérez Duvergé, Institute Dominicano de Investigaciones Agropecuarias y Forestales (IDIAF), 

Dominican Republic 
Mr. Jerry Dupuy, Dominican Republic 

French: 
Dr. Isabelle Jean Baptiste, Association Martiniquaise pour le Développement des Plantes Alimentaires, 

Martinique (AMADEPA) 
Mr. Marceau Farant, Institut National de la Recherche Agronomique (INRA), Guadeloupe 
Mr. Jean Louis Diman, INRA, Guadeloupe 

Dutch: 
Prof. Robert Tjien-Fooh, A de KUS, Suriname 

Mrs. Altagracia Rivera de Castillo, Dominican Republic 
Mr. Guy Anais, Guadeloupe 
Mr. Kofi Boateng, University of the Virgin Islands 
Dr. H. Arlington Chesney, CARDI, Trinidad and Tobago 
Dr. Errol G. Rhoden, Tuskegee University, Alabama 
Dr. Cassel Gardner, Florida A & M University, Florida 
Dr. Louis Petersen, Department of Agriculture, US Virgin Islands 
Dr. Harry Ozier Lafontaine, INRA, Guadeloupe 
Mr. Juan José Espinal, Centra para el Desarrollo Agropecuario y Forestal (CEDAF), Dominican Republic 
Ing. Agr. Edgar Rojas, Colegio de Ingenieros Agrônomos, Costa Rica 
Dr. Waldemar Klassen, IFAS, University of Florida 
Dr. Carlton Davis, IFAS, University of Florida 
Prof. Vivian Carra, University of Puerto Rico 
Mr. Trebol Murray, IICA 

ADVISORY BOARD 

111 



Caribbean Food Crops Society 
45th Annual Meeting 

July 12-17, 2009 

St. Kitts Marriott & Royal Beach Casino 
Frigate Bay, St. Kitts and Nevis 

"Reality and Potential of Food Security and Agricultural Diversification in Small Island 
Developing States" 

United States Department of Agriculture, T-STAR Sponsored Invasive Species Symposium 

Invasive Species Safeguarding: Imperative for Caribbean Regional Agricultural 
Diversification and Food Security 

TABLE OF CONTENTS 

WELCOME AND BACKGROUND 1 
Dr. David Sommons, Dr. Héctor Santiago, Dr. Jim Rakocy, Dr. Thomas. A. Obreza, Mr. Bruce 
Lauckner, and Dr. Larry R. Arrington 

OPENING ADDRESS 7 
Dr. Hermia Morton-Anthony 

VOTE OF THANKS 9 
Dr. David Sommons 

SESSION I: FOOD SECURITY AND INVASIVE SPECIES 

THE NEXUS OF AGRICULTURAL DIVERSIFICATION, FOOD SECURITY AND 
SAFEGUARDING AGAINST INVASIVE ALIEN SPECIES 10 
Ms. Carol Thomas 

PANEL DISCUSSION: TOWARDS ACHIEVING ENHANCED FOOD SECURITY 
THROUGH COMBATING INVASIVE SPECIES: ISSUES AND PERSPECTIVES 

iv 

CARIBBEAN FOOD CROPS SOCIETY

SERVING THE CARIBBEAN SINCE 1963



INTRODUCTION 21 
Dr. Carlton G. Davis 

GOVERNMENT MINISTRY PERSPECTIVE 23 
Senator The Honourable Arnold Piggott 

NATIONAL AGRICULTURAL RESEARCH PERSPECTIVE 25 
Dr. Barton Clarke 

REGIONAL RESEARCH AND DEVELOPMENT INSTITUTION PERSPECTIVE 32 
Mr. F. Bruce Lauckner 

MAJOR TRADING PARTNER PERSPECTIVE 33 
Ms. Jennifer Lemly 

NATIONAL AND HOST COUNTRY PERSPECTIVE 34 
Dr. Kelvin Daley 

REGIONAL ACADEMIC INSTITUTION PERSPECTIVE 36 
Dr. Gene V. Pollard 

REGIONAL INTEGRATION COORDINATING INSTITUTION PERSPECTIVE 41 
Ms. Margaret Kalloo 

FRENCH OVERSEAS DEPARTMENTS AND TERRITORIES PERSPECTIVE 45 
Mr. Jean Iotti 

ACADEMIC AGRICULTURAL ECONOMIST PERSPECTIVE 48 
Dr. Ray G. Huffaker 

SESSION 2: TOWARDS COORDINATED REGIONAL SAFEGUARDING 

CARIBBEAN PLANT HEALTH DIRECTORS FORUM-RATIONALE AND ACTIVITIES .49 
Dr. Mario Fortune 

THE CARIBBEAN REGIONAL DIAGNOSTIC NETWORK: STATUS AND PROSPECTS 
FOR EXPANSION TOWARDS COORDINATED REGIONAL SAFEGUARDING 54 
Dr. Modesto Reyes Valentin, Ing. Caridad Nolasco Alvarez, and Ing. Leandro Mercedes 

THE CARICOM CHIEF VETERINARY OFFICERS GROUP: RATIONALE, VISION, 
TERMS OF REFERENCE AND MODUS OPERANDI 62 
Dr. Mark Trotman 

ν 



DEVELOPMENT OF PLANT EPIDEMIOLOGICAL SURVEILLANCE NETWORKS, 
DATA EXCHANGES AND JOINT RESPONSE STRATEGIES IN THE 
CARIBBEAN: THE FRENCH EXPERIENCE 66 
Dr. Pierre-Yves Techeney, Dr. Catherine Abadie, and Mr. Jean lotti 

CaribVET: THE CARIBBEAN ANIMAL HEALTH NETWORK - A TOOL TO 
FACILITATE CONTROL OF EMERGING AND EXOTIC ANIMAL DISEASE 
THREATS 73 
Dr. Mark Trotman 

OVERVIEW OF THE NEW APHIS GREATER CARIBBEAN SAFEGUARDING 
INITIATIVE 79 
Ms. Jennifer Lemly 

PANEL DISCUSSION: PROSPECTS FOR STRENGTHENING CARIBBEAN 
SAFEGUARDING INITIATIVES AND FOR SUPPORTING THEM THROUGH CISSIP 
(CARIBBEAN INVASIVE SPECIES SURVEILLANCE AND INFORMATION PROGRAM) 

INTRODUCTION 83 
Dr. Moses T. K. Kairo 

PERSPECTIVE OF A RESEARCH LEADER IN A NATIONAL RESEARCH 
ORGANIZATION 84 
Dr. Mario Fortune 

PERSPECTIVE OF A RESEARCH SCIENTIST IN IDIAF, DOMINICAN REPUBLIC 
Dr. Colmar Serra 85 

PERSPECTIVE OF REGIONAL ANIMAL DISEASE SURVEILLANCE AND CONTROL 
ORGANISATION 87 
Dr. Mark Trotman 

FRENCH OVERSEAS DEPARTMENTS AND TERRITORIES PERSPECTIVE 89 
Mr. Jean Iotti 

PERSPECTIVE OF AN APHIS SCIENTIST NATIVE TO THE REGION 91 
Mr. Lionel Wayne De Chi 

PERSPECTIVE OF A REGIONAL INTEGRATION COORDINATION INSITUTION 93 
Ms. Margaret Kalloo 

PERSPECTIVE OF A FORMER USD A/APHIS/IS CARIBBEAN AREA DIRECTOR 97 
Ms. Carolyn T. Cohen 

UNIVERSITY OF FLORIDA EXTENSION PERSPECTIVE 100 
Dr. Tim Momol 

vi 



PERSPECTIVE OF A SCIENTIFIC ORGANISATION DEVOTED TO RURAL 
DEVELOPMENT THROUGH RESEARCH, TRAINING AND DISSEMINATION OF 
INFORMATION AM) TECHNOLOGY 103 
Dr. Pierre-Yves Teycheney 

GENERAL DISCUSSION 104 

RAPPORTEUR'S NOTES ON PANEL DISCUSSION 110 
Dr. Lisa Myers 

SESSION 3: EMERGING INVASIVE SPECIES AND PATHWAYS OF THEIR 
INTRODUCTION 

REPORT ON THE TECHNICAL WORKING GROUP ON GIANT AFRICAN SNAIL 117 
Mr. Michael James and Mr. Ian Gibbs 

AN UPDATE OF THE WORKS BY THE TECHNICAL WORKING GROUP 
ON TEPHRITID FRUIT FLIES 122 
Mr. Joseph Seales 

AMBROSIA BEETLE AND LAUREL WILT THREAT TO AVOCADO PRODUCTION... 125 
Dr. E. A. Evans, Dr. J. H. Crane, Dr. A. Hodges, and Mr. J. L. Osborne 

CARIBBEAN PATHWAY ANALYSIS 136 
Dr. Heike Meissner, Ms. C. Bertone, Ms. L. Ferguson, Ms. A. Lemay, L. Newton, and 
K. Schwartzburg 

SYNTHESIS AND THE WAY FORWARD 148 
Dr. Gene Pollard 

CLOSING REMARKS AND ADJOURNMENT 152 
Dr. Van H. Waddill 

vii 



Proceedings of the Caribbean Food Crops Society. 45(1): 1-6. 2009 

WELCOME AND BACKGROUND 

OPENING REMARKS by Dr. David Sammons, Dean, International Center, University of 
Florida, P.O. Box 113225, 123 Grinter Hall, Phone: (352) 392-5323, χ 201, FAX: (352) 392-
5685. Email: sammons(a),ufl. edu. 

Welcome to the T-STAR Invasive Species Symposium. 

This Symposium will focus on the threats posed by invasive alien species to food security 
and how we can collectively move forward in order to better cope with those threats. Before I 
begin, I would like to acknowledge the support of the US Department of Agriculture to the T-
STAR Program for this particular element of our research activity in the Region. T-STAR, as 
you know, is the acronym for the Tropical and Subtropical Agricultural Research Program, a 
Program that is funded through the US Department of Agriculture, which supports research 
activities in this part of the world. The work funded under T-STAR is organized by the 
University of Florida and our colleagues at the University of Puerto Rico and the University of 
the Virgin Islands. I particularly wish to acknowledge the work, support and guidance from this 
group of colleagues in putting together today's symposium. 

Clearly we all appreciate that detection, monitoring, tracking, and exchange of 
information are keys to our collective safeguarding activities in the Caribbean against invasive 
species. Detection, monitoring and tracking require cooperation, and most of all they require our 
mutual trust. One way to accomplish our goals in combating invasive species is to have an 
annual gathering, such as this one, where we exchange information, where we come to 
appreciate each other's scientific capabilities, and where we work together toward the goal of 
combating these significant threats to our food security in the Caribbean Region. I think it is 
important to realize that as we talk about the threat of invasive species to food security that we 
understand that we are not talking about ιηχ agriculture, or your agriculture; we are talking 
about our agriculture. Our agriculture stretches across the entire Region, and whether it is in 
Florida or St. Kitts, the Virgin Islands or the Dominican Republic, or wherever it may be, we 
must be collectively concerned about our agriculture. What happens in one place in the Region 
impacts what happens in other parts of the Region. We need to work together and think together 
and appreciate the fact that we are all connected if we are to be successful in our efforts to 
combat the threat of invasive species. 

I would like to invite your participation and contributions to the discussion this morning 
as we address this year's theme: "Invasive Species Safeguarding: An Imperative for Caribbean 
Regional Agricultural Diversification and Food Security". We will begin the program with 
welcoming remarks from the panel here at the head table. I will now call on Dr. Héctor Santiago, 
the Chairman of the CFCS Board of Directors and Executive Officer of the CFCS. Héctor is with 
the University of Puerto Rico-Mayagiiez. 
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OPENING REMARKS by Dr. Héctor Santiago, Associate Director, Agricultural Experiment 
Station, University of Puerto Rico, Mayagüez. Phone: 787-265-3850; Fax: 787-834-1438. 
Email: hsantiago(a),uprm. edu; hlsantiag®,hotmail, com; cfcschair(a),eea.uprm.edu . 

Good morning to you all! I will be very brief. The CFCS is very proud to host again this 
invasive species symposium. The theme of the symposium is very important to all of us in the 
universities, the Ministries of Agriculture and the private sector of agriculture. Moreover, the 
theme is of more general importance, since many invasive species attack the natural landscape. 
As you all know, the red palm mite is drastically affecting the landscapes of the Caribbean by 
destroying our beautiful palm trees. It is a serious threat that we face together. Scientists have 
come here to communicate new scientific information, and for me the most important part is that 
we are providing the venue where people can come to know each other and to share information 
about their research projects and conditions in their countries, and also that we can work as a 
group in order to solve or diminish the threats and the losses caused by invasive species. As a 
poultry scientist at the University of Puerto Rico, and as Associate Director of the Experiment 
Station, I have been introduced to many terms new to me. One of the terms I have learned in my 
four years in this position - a term that is in the back of my mind all of the time- is invasive 
species, invasive species. On the one hand, invasive species pose major threats and pose many 
problems in many aspects to us -trade, marketing, losses in agricultural production to our 
farmers. However, on the other hand -from the point of view of the university system, especially 
for researchers- invasive species are great news because we have many people who are capable 
of solving these problems. If they have the means to join forces together with other colleagues in 
the Region, then there is the possibility of expeditiously addressing these problems and achieving 
positive outcomes. As a result of these symposia, a number of groups of scientists addressing a 
specific problem as well as working groups have come together; and to me that is the most 
important outcome of these symposia. 

In the last few years Puerto Rico has been invaded by the red palm mite, by the black 
sigatoka on plantains and bananas, the coffee berry borer and the cactus mealybug. The latter is 
threatening our dry tropical forest and it is a threat to the US mainland and Mexico. We are 
working very aggressively to address these major problems. Currently Dr. Ron Weeks, leader for 
the eastern Region of the USA of the APHIS-PPQ National Biological Control Program, is 
visiting us and working on biological control of the cactus mealybug with Dr. Alex Segarra, 
from the Department of Crop Protection, UPR-M. They have been joined by a postdoc who is 
partially funded by APHIS. So these are the sorts of things I wish to share with you. 

I hope that this symposium will be a fruitful experience for all of you. Please make the 
effort to network with colleagues throughout the Caribbean. In the end we have to address 
invasive species and other threats to food security through collective action. As Dr. Sammons 
said we need to protect the agriculture of the whole Region. 

OPENING REMARKS by Dr. Jim Rakocy, Director, Agricultural Experiment Station, 
University of the Virgin Islands, RR 1, Box 10,000, Kingshill, VI 00850, Phone: 340-692-4031. 
Email: irakocy(a),uvi. edu. 

I am very pleased to welcome you on behalf of the Agricultural Experiment Station at the 
University of the Virgin Islands. I am an aquaculturist and not a specialist in crop protection, as 
most of the people here today. Thus I will tell you about a tremendous threat to fisheries in the 
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Caribbean called the red lion fish (Pterois volitans L.). The red lion fish is native to the Indian 
Ocean, the Red Sea and the western Pacific. It is a very beautiful fish that is sold in the aquarium 
trade. It has long dorsal spines, alternating white and red stripes on its body and large fan-like 
pectoral fins. Adults can grow as large as 17 inches (43 cm), whereas juveniles may be as small 
as an inch or less. It has been spotted along the Atlantic coast of the eastern USA from North 
Carolina to Florida and also in the Bahamas. It is believed that the red lion fish was introduced 
into the USA by the aquarium trade, and that when people were finished with their aquariums 
they released the red lion fish into the Atlantic. Also in 1992 Hurricane Andrew destroyed an 
aquarium on Biscayne Bay, Florida, and six of the red lion fish escaped into the ocean. 
Subsequently there have been additional introductions into the ocean. Along the eastern seaboard 
and in the Gulf of Mexico the red lion fish encountered no natural predators, so individuals got 
much larger and the population of red lion fish has been growing much more rapidly than has 
ever observed in its natural range. In 2002 red lion fish were spotted in coastal waters of the 
Bahamas, and by 2004 they were widely distributed around these islands. The red lion fish now 
infests the coastal waters of Cuba, Belize, the Cayman Islands, Jamaica, the Dominican 
Republic, Puerto Rico and recently they were spotted just off St. Croix, US Virgin Islands. 

The red lion fish is the most venomous fish in the ocean. Their spines are hollow tubes 
which contain a toxin, thus creating a danger primarily to divers and fishermen if stung. 
Although there have been no fatalities reported to be caused by lion fish stings, they are 
reportedly extremely painful, and people who are stung usually spend some time in hospital. 
They are prolific breeders and extremely voracious predators of small fish on coral reefs. Indeed 
around some reefs inhabited by the red lion fish in the Bahamas, no small fish are to be found. 
Red lion fish has been shown to eliminate 85% of the small juvenile fish in a 4 m2 area in four to 
five weeks, and they are found amongst the mangroves, which harbor most juvenile fish. 

Red lion fish are found from waist-deep water to 200-feet deep water. Red lion fish die in 
50 °F (10 °C) water and this limits their range in temperate water along the eastern USA. One 
red lion fish female can lay 30,000 eggs several times per year. It seems that our indigenous 
predators -because of the venom- do not even prey on juvenile red lion fish, and so exponential 
growth of red lion fish populations is completely unchecked. They have definitely devastated 
several coastal water areas of the Bahamas, and as they move into new areas there is potential for 
them to decimate the native fish inhabiting reefs. One of the advantages of red lion fish is that 
fish indigenous to the Caribbean do not recognize the red lion fish as a predator and are not 
afraid of them. Red lion fish have the appearance of being as harmless as seaweed. Moreover, 
the indigenous juvenile fish approach the red lion fish for protection, only to be devoured by 
them. So what is happening is that the red lion fish are wiping out both the game fish and what 
we call pot fish, and this affects sport fishing enthusiasts and commercial fishermen on all of the 
islands. In addition the red lion fish prey on wrasse cleaner-fish (Labroides spp.), which remove 
parasites off larger fish in the reefs. Therefore, if the cleaner-fish disappear, parasite populations 
will get out of hand and reduce game fish populations as well as certain cleaner-fish that keep 
algae in check on the coral reefs. Thus if these helpful fish disappear, the coral reefs will be 
imperiled. 

It has been reported that the red lion fish are absolutely fearless and will actively 
approach divers, whereas most fish attempt to avoid divers. Thus divers must be very careful 
since a major safety factor is involved. 

To reiterate, it is believed that the red lion fish arrived in the waters of the Region as a 
result of releases from aquariums and not from ballast water. Indeed very few voyages to this 
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part of the world originate from ports where the red lion fish is native. In 2003 Florida officials 
reported that 7,500 red lion fish were imported by the aquarium trade. The aquarium trade is 
almost totally unregulated and it imports aquarium fish from all over the world. About 20 species 
of exotic fish have been released into the Caribbean as a result of the aquarium trade. This is an 
issue that really should be addressed. 

Possibly predators of the red lion fish could be introduced. Also in the Greater Caribbean 
the red lion fish reaches a length of 18 inches (46 cm). Its flesh is excellent for human 
consumption, but of course the toxic spines must be avoided. Thus, one hope is that fishermen 
will go after the red lion fish, but they must be very careful not to get stung. 

Fisheries are very important to some of the Caribbean island nations, so attention should 
be given to the regulation of the aquarium trade. 

OPENING REMARKS by Dr. Thomas A. "Tom" Obreza, Interim Associate Dean for 
Extension and Professor of Soil and Water Science, University of Florida, 1038 McCarty Hall, 
Gainesville, PO Box 110210, Gainesville, FL 32611-0210 Phone: 352-392-1761 ext. 227. Email: 
obreza@ufl.edu. 

Invasive alien species are establishing at a rate greater than one per month in Florida, 
USA, as well as elsewhere in the Greater Caribbean Region. The large majority of these species 
originate in the Asia-Pacific and neotropical regions before becoming widely established in 
Caribbean countries, many of which lack phytosanitary capabilities necessary to prevent their 
entry and establishment. Since the Greater Caribbean Region, which includes Florida, is 
ecologically connected, no single political jurisdiction within this Region, relying on its own 
resources, can protect itself from invasion by alien species. 

A T-STAR project initiated in 2005 put together a group of partners in the Region that 
developed a safeguarding strategy. One of the key components of this strategy is Caribbean 
Regional Diagnostic Network, which is a major component of the proposed Caribbean Invasive 
Species Surveillance and Information Program. Recently established collaboration with the 
United States Department of Agriculture, Animal and Plant Health Inspection Service has made 
this program even stronger. 

Currently, the Caribbean Regional Diagnostic Network operates in Florida, Puerto Rico, 
the Dominican Republic and Haiti. About two years ago, the Animal and Plant Health Inspection 
Service Caribbean Area Office procured five sets of microscopes and cameras to support 
diagnostic laboratories in five additional countries. 

The University of Florida - Institute of Food and Agricultural Sciences Extension 
Administration is committed to aiding the further development of the Caribbean Regional 
Diagnostic Network. Our faculty at the Tropical Research and Education Center in Homestead, 
Florida, and our faculty in the Plant Pathology and Entomology-Nematology Departments will 
be significant participants. These individuals will provide training and support to Caribbean 
Regional Diagnostic Network diagnosticians and scientists. We look forward to collaborating 
with the Animal and Plant Health Inspection Service and other Greater Caribbean Region 
institutions as we all fight for our common goal of suppressing invasive species. 
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OPENING REMARKS by Mr. F. Bruce Lauckner, Head, Strategic Alliances /Biometrician, 
CARDI, PO Bag 212, St. Augustine, Trinidad and Tobago 
Phone: 1 868 645 1205/6/7; Fax: 1868 645 1208; Email: blauckner(a),cardi. org 

Members of the Head Table, Ladies and Gentlemen. 

First of all I must apologise for the fact that Dr. Arlington Chesney, Executive Director of 
CARDI is not with us today. CARDI is the institute with responsibility for chairing the 
Caribbean Invasive Species Working Group (CISWG) and as Executive Director of CARDI and 
a member of the Advisory Board of Caribbean Food Crop Society (CFCS) Dr. Chesney was 
looking forward to greeting you today with a few words of welcome. However, as it turns out, 
the biannual meeting of the Governing Board of the Inter American Institute for Cooperation in 
Agriculture (IICA) has been scheduled to meet this Wednesday, and CARDI was served notice 
of this meeting a few weeks ago. The IICA Board is a very important hemispheric meeting 
attended by many Ministers of Agriculture from North, South, Central America and the 
Caribbean. CARDI has to be represented at a very high level as we have to deliver a report on 
our research results. 

It was in 2003 that the CFCS first held an Invasive Species Symposium at the 39th annual 
meeting in Grenada. After the presentations a small group of people met and deliberated on the 
way forward. The group kept in touch by electronic means and organised a workshop in Port of 
Spain in 2004 entitled "Facilitating Safer US-Caribbean Trade: Invasive Species Issues". This 
meeting led to the drafting of the CRISIS document (Caribbean Region Invasive Species 
Intervention Strategy) which was later finalised by Everton Ambrose of IICA after extensive 
consultation. 

The exact date of the birth of CISWG is not clear; it was conceived in Grenada, but the 
actual naming only took place sometime later. However, CISWG has been very active, meeting 
as a body at least once a year. Today there are 14 institutes who are official members of CISWG 
and 16 countries have named contact representatives. CISWG has not been just a talk shop, we 
have developed a project called CIS SIP (Caribbean Invasive Species Surveillance and 
Information Project); funds to execute the whole project have not been realised as yet, but a part 
of the project CRDN, Caribbean Regional Diagnostic Network, is being executed. CISWG has 
also completed the Caribbean Pathway Analysis which was executed by USDA APHIS, and a 
comprehensive report is available. CISWG has also been a partner to CABI for the Global 
Environment Forum (GEF) Invasive Species Project. 

While CISWG has been working so has the CFCS and since the 39th meeting in Grenada 
there has been an annual Invasive Species Symposium at CFCS. For this symposium today we 
once again acknowledge funds support from the University of Florida, which has levied funds 
from the T-STAR project of the US government. 

Therefore, in bringing greetings from CISWG to the symposium and in closing we must 
remember to thank CFCS for helping us to keep the Invasive Species ball rolling and we must 
also thank the University of Florida for continued financial assistance in our efforts. 
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OPENING REMARKS by Dr. Larry R. Arrington, Senior Vice President for Agriculture and 
Natural Resources, University of Florida, Institute of Food and Agricultural Sciences, 1008 
McCarty Hall, P.O. Box 110180, Gainesville, FL 32611-0180 
Phone: 352-392-1971; Email: lra(a),ufl.edu . 

It is a great pleasure for me to welcome you on behalf of the University of Florida. At the 
University of Florida we are deeply concerned about the continuing influx of invasive species, 
such as the devastating citrus greening bacterium and the red bay ambrosia beetle, the vector of 
laurel wilt disease, which threatens to destroy Florida's avocado industry. In fact a significant 
portion of the recently established invasive species is causing major damage to crops and natural 
resources. These invasive species are having large negative economic impacts in Florida. We 
recognize that invasive species are a major threat to food security not only in Florida, but also 
throughout the Greater Caribbean Region. 

From our perspective at the University of Florida, it is essential that the various academic 
institutions, government agencies and private sector organizations in the Greater Caribbean 
Region continue to work very closely together on teams to meet the challenges posed by invasive 
species. Collaboration in coping with invasive species is critically important. 

The University of Florida remains strongly committed to working through T-STAR and 
in doing our part in the struggle against invasive species throughout the Region. We at the 
University of Florida invest a significant portion of our federal lobbying effort to persuade the 
US Congress and Executive Branch of our federal Government to continue to fund the T-STAR 
Program at a reasonable level; and we hope you are aware of this. Moreover, a large part of the 
University of Florida/IFAS budget for research and extension -over and above T-STAR- goes 
toward dealing with invasive pest species. 

I am very pleased that T-STAR is able once more to support a symposium on invasive 
species as part of the annual meeting of the Caribbean Food Crops Society. Also, I hope that all 
of you will find today's program to be highly informative and very helpful, and that this will be a 
very fruitful and enjoyable experience. 

Dr. David Sammons. Originally we had scheduled Opening Remarks by Senator The Honorable 
Arnold Piggott, Minister of Agriculture, Land and Marine Resources of the Government of the 
Republic of Trinidad and Tobago, who has informed us that he regrets being unable to be here 
this morning. Thus we will proceed to the Opening Address, which will be presented by the 
Honorable Dr. Hermia Morton-Anthony on behalf of the Honorable Cedric Liburd, Minister of 
Housing, Agriculture and Fisheries and Cooperatives, Government of St. Kitts/Nevis who was 
unable to attend and who has sent his regrets. You will recall the Honourable Minister Liburd 
addressed us at the Cultural Evening. Dr. Morton-Anthony is the Permanent Secretary of the 
Ministry of Housing, Agriculture, Fisheries and Co-operatives (HAFC), Government of St 
Kitts/Nevis, West Indies. We are very grateful that on very short notice Dr. Morton-Anthony 
stepped forward to represent the Honourable Minister and to make his presentation. 
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OPENING ADDRESS by Dr. Hermia Morton-Anthony, Permanent Secretary, Ministry of 
Housing, Agriculture, Fisheries and Co-operatives (HAFC), Government of St. Kitts/Nevis, West 
Indies, Ρ Ο Box 186, Government Headquarters, Basseterre, St. Kitts Nevis 
Phone: 1 869 465 2521; Fax: 1 869 465 2635 
Email: hermia. morton-anthony@gov. kn 

Colleague agriculturalists, I am very pleased that you have chosen St. Kitts for your conference 
this year. St. Kitts is part of a tiny island state with a range of vulnerabilities. The experience of 
the devastating effect of invasive species on the domestic food production and on the incomes of 
farmers remains one of the greatest threats to farmers in small island developing states. In a short 
time crops and meat stock can be infected. To those of you who have observed the lines of 
headless trees, in the palm family, at various sites on this island, they stand as a grim reminder 
of the destruction that can be caused by invasive species. 

I have been reliably informed that invasive alien species displace native species, disrupt 
ecosystems, and affect citizens' livelihoods and quality of life. Any species, including its seeds, 
eggs, spores, or other biological material capable of propagating that species, especially if it is 
not native to that ecosystem; and whose introduction does or is likely to cause economic or 
environmental harm or harm to human health. One need not be a scientist to have recognised the 
damage to crops and family life that the red-fire ants brought to St. Kitts. They are still here, 
controlled but given to bouts of wanton destruction. 

The threat of invasive species adds to the vulnerabilities that afflict small island developing 
states at this time. The response time to counter the effects of harmful invasive species must be 
swift and decisive. For, whereas destruction to one acre of produce is laughable for one country, 
one acre is considered a large farm on St. Kitts and Nevis and its destruction can have a 
disastrous impact on our domestic food source. 

This is the main challenge the Caribbean faces in the dealing with "invasive species". As we 
diversify and expand our economy, as we become an integral partner in the global village, we 
become benefactors of the tremendous opportunities that exist not just economically but also 
socially and culturally. But this may come at a price, the unwitting but sinister invasion by 
destructive species. 

The flora and fauna indigenous to the Caribbean that help to define us as a people, and help to 
create a unique visitor experience, are under threat. Our crops, livestock and marine resources 
still create a livelihood for a significant percentage of our population. Many of our rural 
development initiatives are centered around the agriculture and fishery sectors. This development 
is under threat from invasive species from a Caribbean perspective. Invasive species are species 
that do not naturally occur in the region and whose introduction is likely to cause economic or 
environmental harm, including possible harm to humans. 

Small islands are particularly vulnerable for two reasons: Firstly, because of the relatively small 
number of endemic species it is less likely to find one that will compete with the introduced plant 
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or animal. Secondly, because islands are isolated, the species may lose some defensive 
mechanisms in the natural process of evolution due to a lack of competition. 

The question is, therefore, as we build our economies, are we managing our agriculture and 
fishing industries in a manner that would safeguard then against the possible devastating effects 
of invasive species? There are a number of considerations. Do we truly know what our 
ecological assets are? Some have said that the Caribbean Region boasts about seven thousand 
indigenous plant species and about eight hundred natural animal species. Gaps in the research 
however suggest that there may be many more. If we are to preserve the treasure of biodiversity, 
there has to be ongoing research to ascertain the health of the populations of native species so 
that our management strategies can be scientifically informed. Research is a necessity if policy 
makers are to make informed, proactive decisions, rather than reactive and misguided choices in 
dealing with invasive species. 

The matter of research and management of resources brings us to our second consideration. Does 
the region possess the human resources capacity needed to execute the multiplicity of tasks 
required to secure our biodiversity against invasive species? If we are serious, countries within 
the region must ensure that we guide our young people into careers that would provide the 
Caribbean with the requisite skills. Our colleges and universities must design programs with 
curricula that adequately support this important cause. Governments and regional organisations 
must have within their human resource needs the jobs that address this growing problem. 
Creating and financing these new posts will demonstrate our commitment to protecting our 
future. 

However, action at an individual country level can achieve only just so much. The war against 
invasive species must involve all stakeholders across the region. There must be a regional battle 
plan, with national and regional strategies. This is the third consideration: While many countries 
have plant quarantine and other related legislation, one will find that they are generally outdated, 
inadequate and not in line with determined international standards. 

Movement of plants and animals within countries and as part of intra-regional trade must be 
governed by harmonised legislation and must adhere to the various international conventions. 
This is the only way that a region as a whole can be safeguarded against the threat posed by 
invasive species. Our legal draughtsmen and our scientists working together can, I am sure, 
produce guidelines superior to those internationally accepted. 

The success of our collective efforts will strongly depend on our ability to network at various 
levels: government, scientists to scientists, educational institutions, front line quarantine officers 
and other stakeholders. A lot of what workers in the Caribbean depend on is not officialdom, but 
on networking among the key players in the particular area of endeavour. Networking is an 
essential element in our battle against invasive species. It is our best early-warning system. 

The greatest challenge to success, however, is to translate theory into practice, to take the 
brilliant papers of academics and apply them as real solutions to the issues that plague and 
constrain food security in small states. The Caribbean Food Crops Society is needed now more 
than ever to provide scientific responses that are relevant to the needs of small island developing 

8 



states. The conventional pace of scientific research has to be rethought if we are to survive the 
new and rapid movement of invasive species from country to country. 

Conferences are excellent opportunities for the cross fertilisation of ideas, stimulating 
conversations and building platforms for problem solving. Ladies and gentlemen, our 
environment, our agriculture and fishery resources, our history and our future are all at stake. 
Invasion is never a pleasant experience. Let us work together to arrive at creative and viable 
strategies to ensure that invasive species do not destroy our Caribbean treasures. 

VOTE OF THANKS. By Dr. David Sammons 

Thank you Dr. Morton-Anthony for conveying the presentation of the Honorable Minister. We 
are very grateful for those insightful remarks, and I think everyone in this room would affirm, as 
he stated in his presentation, that science and human resources are keys to the articulation of 
appropriate policies for combating invasive species. Moreover, all would agree that multinational 
efforts to network across the Region are absolutely critical. Your talk has set the stage very well 
for the symposium that lies before us. Permanent Secretary Dr. Morton-Anthony, may I ask you 
to convey to the Minister our particular thanks for hosting this meeting. We recognize that this is 
a challenging time for the Government of St. Kitts and Nevis. You are under financial strain as 
are all of our nations, and I understand that you are facing an imminent election. Fortunately you 
have been able to meeting this combination of challenges and to host this meeting including this 
symposium on invasive species. All of the participants join me in conveying our thanks to the 
minister through your good offices for the hard work you have done in preparing for this fine 
meeting. Thank you very much! Also I ask the audience to please join me in thanking all of the 
speakers at the head table who have welcomed us this morning. 
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SESSION I: FOOD SECURITY AND INVASIVE SPECIES 

THE NEXUS OF AGRICULTURAL DIVERSIFICATION, FOOD SECURITY AND 
SAFEGUARDING AGAINST INVASIVE ALIEN SPECIES 

Ms. Carol Thomas, IICA Regional Specialist, Agricultural Health and Food Safety, Inter-
American Institute for Cooperation on Agriculture, Chelsea House, Chelsea Road, St. Michael, 
Barbados. Phone: 246-427-4740/1/2; Fax: 246-429-3509; Email: Carol. Thomas®,iica.int. 

INTRODUCTION 

The impact of Invasive Alien Species on agriculture and, by extension, food security is arguably 
one of the most important challenges facing countries globally and in particular in the Caribbean 
Region. The ability to increase production or maintain current levels of production has been 
threatened by outbreaks of pests and diseases. The Red Palm Mite has had significant effect on 
the coconut industry in St. Lucia, Trinidad and Tobago and Jamaica. The Lethal Yellowing 
disease of coconut has affected Nevis and Jamaica. Moko disease and Black Sigatoka disease 
have affected bananas in Jamaica and Trinidad and Tobago. The Giant African Snail has 
attacked crops in several islands including Barbados, St. Lucia and Antigua and Barbuda. 
Classical Swine Fever and Low Pathogenic Avian Influenza have been detected in the 
Dominican Republic and Haiti. 

The importance of invasive alien species was emphasized in the recent observation of the 
International Day on Biological Diversity (IDB) in 2009 which had the theme: Invasive alien 
species (IAS) - one of the greatest threats to biodiversity, and to the ecological and economic 
well-being of society and the planet. 

The structure of agricultural production in the Region has remained basically unchanged with 
traditional exports of banana, rice and sugar dominating. Recent erosion of preferential 
treatment, resulting from WTO rulings has forced the Region to consider more seriously the 
issue of agricultural diversification. This concept is not new. In 1987 the then president of the 
Caribbean Development Bank, Dr. William Demas, addressed the Board of Governors of the 
Bank at its 7th annual meeting in May 1987 on the topic of Agricultural Diversification in the 
Caribbean Community: Some Issues. In his address Dr. Demas put forward a case for 
agricultural diversification and discussed the costs and benefits. In the over twenty years since 
Dr. Demas' address, the concept of agricultural diversification has gained more relevance as the 
Region seeks to address issues such as food security and the impact of invasive alien species. 

The Caribbean has become increasingly dependent on imported foods (estimated at EC$3.5 
billion in 2008) for both domestic use and for use in its growing tourism industry. As net food 
importer, the Region has become more vulnerable to escalations in world food prices. In 2008 in 
particular, Caribbean countries were confronted with the urgent need to secure additional 
financial resources and foreign exchange to finance their growing food import bills. The food 
crisis has led to heightened emphasis on increasing local food production. 
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On the eve of 2008, a World Bank expert was quoted as saying that 'developing island nations in 
the Caribbean should de-emphasize food production to focus more attention on reducing 
poverty, and small island nations should import food'. This remark sparked a heated debate in 
the Caribbean about the Region's deteriorating capacity to feed itself and by extension, the 
causes and effects of food import dependency, including the future of agriculture. There was a 
general consensus of the inadequacy of the national and regional policy framework, over time, to 
treat this issue with the level of importance that it deserves. 

This paper will discuss the issue of food security within the context of agricultural diversification 
and the impact of invasive alien species with specific reference to the Caribbean Region. 

Agricultural Diversification 
AGRICULTURE IN THE 

CARIBBEAN 
FOCUS OF 

AGRICULTURE 
EROSION OF 

PREFERENTIAL 
ARRANGEMENTS 

AND GLOBALIZATION 
• Dominated in the past 

by traditional export 
crops 

• Banana, sugar cane, 
rice, coffee, cocoa 

• Production of export 
crops 

• Focus not on 
producing to meet the 
food needs of the 
nation. 

• Changed of focus to 
production for 
national & regional 
food security 

• Agricultural 
diversification now 
seen as important 

Figure 1. Transformation of Caribbean agricultural policy from production for export to 
agricultural diversification for production to meet national & regional food security. 

FOOD SECURITY 
OAS Assistant Secretary General calls for recognition offood security as a political 
issue: During a visit to the headquarters of the Inter-American Institute for 
Cooperation on Agriculture (IICA), Assistant Secretary General of the Organization of 
American States (OAS), Ambassador Albert Ramdin, said that "food security had 
become a political rather than a technical issue. When people do not have enough 
food, trouble starts, there are protests and sometimes governments even fall. " 

Food security is a flexible concept as reflected in the many attempts at definition in research and 
policy usage. Even a decade ago, there were about 200 definitions in published writings. The 
World Food Summit of 1996 defined food security as existing "when all people at all times have 
access to sufficient, safe, nutritious food to maintain a healthy and active life ". Commonly, the 
concept of food security is defined as including both physical and economic access to food that 
meets people's dietary needs as well as their food preferences. Food security is built on three 
pillars: 
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• Food availability: sufficient quantities of food available on a consistent basis. 
• Food access: having sufficient resources to obtain appropriate foods for a nutritious diet. 
• Food use: appropriate use based on knowledge of basic nutrition and care, as well as 

adequate water and sanitation. 

The concept of food security incorporates valid economic arguments about the need to ensure 
that every household has adequate food of adequate nutritional value available and the equally 
valid political notion that no country could be considered truly independent if it must depend on 
imports for meeting the vast bulk of its food requirements. The goal of food security is thus 
closely related to the agricultural development objectives of: 

(i) growth in output and productivity, to meet growing demands of the domestic 
market; 

(ii) sustainability, to maintain adequate levels of production in the future; and 
(iii) stability, to reduce the adverse effects of both the inherent instability of 

agricultural output and the periodic swings associated with cyclical changes in the 
economic environment, including the effect of such changes on prices and supplies 
of imported food. 

Graph 1. The increasing annual costs of food imports and the static annual earnings from food 
exports in the CARICOM States. 
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The Caribbean has increasingly become dependent on imported food to feed both its local 
population and for use in the growing tourism industry. It is estimated that EC$3.5 billion was 
spent on imported food in 2008. Table 1 shows the value of selected CARICOM total imports 
and exports for the period 2001-2006, and Graph 1 shows the trend over the same period. 

Table 1 : Value of selected CARICOM total imports and exports by Standard International Trade 
Classification (SITC) Group: 2001-2006. 
Source: CARICOM'S TRADE A Quick Reference to Some Summary Data 2001-2006 

2001 2002 2003 2004 2005 2006 
IMPORTS (EC$'000). 

Food & 3,536,411 3,356,345 3,691,606 4,062,117 4,924,094 4,981,793 
Live 
Animals 
Mineral 5,498,979 5,169,974 6,574,141 7,708,900 12,321,212 1,3029,756 
fuels, 
lubricants 
& related 
materials 

EXPORTS (EC$'000). 
Food & 2,460,132 2,351,504 2,375,717 2,573,338 2,535,492 2,750,685 
Live 
Animals 
Mineral 7,393,482 5,448,958 9,711,953 11,216,536 19,311,157 30,755,794 
fuels, 
lubricants 
& related 
materials 

The main problem facing the Region as it focuses on food security is how to be less dependent 
on imports and become more self reliant. We are not at the point where we can satisfy our 
minimum food requirements. The mantra now being heard across the Region is "eat what we 
grow and grow what we eat. " 

INVASIVE ALIEN SPECIES 

Invasive alien species have been described as plants, animals, pathogens and other organisms 
that are non-native to an ecosystem, and which may cause economic or environmental harm or 
adversely affect human health. In particular, they impact adversely upon biodiversity, including 
decline or elimination of native species, through competition, prédation, or transmission of 
pathogens, and the disruption of local ecosystems and ecosystem functions. 

Invasive alien species, introduced and/or spread outside their natural habitats, have affected 
native biodiversity in almost every ecosystem type on earth and are one of the greatest threats to 
biodiversity. Since the 17th century, invasive alien species have contributed to nearly 40% of all 
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animal extinctions for which the cause is known (Convention on Biological Diversity, 2006). 

The problem continues to grow at great socio-economic, health and ecological cost around the 
world. Invasive alien species exacerbate poverty and threaten development through their impact 
on agriculture, forestry, fisheries and natural systems, which are an important basis of peoples' 
livelihoods in developing countries. This damage is aggravated by climate change, pollution, 
habitat loss and human-induced disturbance. 

Globalization has resulted in greater trade, transport, travel and tourism, all of which can 
facilitate the introduction and spread of species that are not native to an area. Most countries are 
grappling with complex and costly invasive species problems. For example, the annual 
environmental losses caused by introduced pests in the United States, United Kingdom, 
Australia, South Africa, India and Brazil have been calculated at over US$ 100 billion (CBD, 
2006). Addressing the problem of invasive alien species is urgent because the threat is growing 
daily, and the economic and environmental impacts are severe. 

Islands are especially vulnerable to invasive alien species because they are naturally isolated 
from strong competitors and predators. Islands often have ecological niches that have not been 
filled because of the distance from colonizing populations, increasing the probability of 
successful invasions. 

Biodiversity loss is a particular concern on islands. The Report of the Global 
Conference on the Sustainable Development of Small Island Developing States (also 
known as The Barbados Prosramme of Action for the Sustainable Development of 
Small Island Developing States. BPoA. referred to the biological diversity of island 
ecosystems as "among the most threatened in the world", due to their small size, 
isolation and fragility (Bridgetown, Barbados, 25 April-6 May 1994, Annex II, 
preamble, paragraph 6). 

More recently, the Millennium Ecosystem Assessment concluded that the main drivers of island 
biodiversity loss would either continue or increase rapidly. It projected that the impacts of 
climate change and pollution from nutrient loading will become increasingly severe and that the 
impacts associated with habitat change, over-exploitation and, particularly, invasive species will 
continue to be high or, in the latter case, very high. (Convention on Biological Diversity) 

The Caribbean Region largely consists of Small Island Developing States (SIDS) which depend 
on the conservation and sustainable use of island biodiversity for their sustainable development 
and as a result are among the most vulnerable of the developing countries, considering the 
relative lack of economic alternatives available and such factors as: 

• Small populations and economies 
• Relatively weak institutional capacity in both the public and the private sector 
• Susceptibility to natural disasters and climate change 
• Fragility of land and marine ecosystems 
• Limited diversification in production and exports 
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• Dependence on international markets, export concentration, and income volatility 
• Vulnerability to exogenous economic shocks. 

These challenges and vulnerabilities prompted Agenda 21 (chapter 17, section G; 1992), 
followed by the Barbados Programme of Action (1994) and the Plan of Implementation of the 
World Summit on Sustainable Development (2002), to call small island developing States and 
islands supporting small communities "a special case both for environment and development. " 

In recent years several invasive alien species detected in the Region have, to varying degrees, 
negatively affected the agricultural sector and have impacted society adversely. Invasive alien 
species such as the Red Palm Mite, the Giant African Snail, Citrus Greening, Black Sigatoka, 
Moko Disease, the Pink Hibiscus Mealybug, Lime Swallow Tail Butterfly, the Lionfish, are just 
a few examples that have had serious effect on agriculture and, by extension, on the prospect of 
food security. 

AGRICULTURAL DIVERSIFICATION 

POTENTIAL BENEFITS OF DIVERSIFICATION 
Food security and Employment Generation result in Foreign 

Exchange Savings and Earnings as well as 
Production Linkages and Utilization of Under-Utilized 

Resources (Demas, 1987). 

Agriculture in the Caribbean has been dominated over the years by the so-called traditional 
export crops, mainly banana, sugar cane, rice, coffee and cocoa. The focus of agriculture is on 
the production of these export crops, not on mass production for local consumption. Much of the 
food consumed in the region is imported as shown in Table 2 and Graph 2. However, recent 
events, including the removal of preferential arrangements for export to Europe, and the effects 
of globalization, have forced countries to take agricultural diversification seriously and to change 
the focus from production mainly for export to production for national and regional food security 
and import substitution. 

A key component of the agricultural diversification strategy of St. Lucia is the 
reduction of the country's food import bill. St. Lucia's food import bill has averaged a 
10% increase each year, and has risen from EC$97 million in 1987 to $189 million in 
1999. Statistics demonstrate that St. Lucia's trade balance on food has moved from a 
surplus of EC$82 million in 1987 to a deficit of EC$90 million in 1999. Consequently, 
one of the expected outcomes of the agricultural diversification programme is the 
reduction of the levels of foreign exchange spent on food imports, and an increase in 
the generation of foreign exchange. Excerpt from Saint Lucia's Agricultural 
Diversification Strategy, Jan 1, 2001 / Dec 31, 2005 

15 



Table 2: Imports as a percentage of domestic supply of selected food groups. 

Fruits Milk Vegetables Cereals 
Antigua and Barbuda 14.7 48.9 15.9 98.7 
Bahamas 45.9 95.1 27.1 99.5 
Barbados 78.9 78.4 28.5 110.4 
Belize 0.3 86.3 25.9 29.2 
Cuba 0.0 38.1 0.7 63.2 
Dominica 0.1 54.9 9.7 97.7 
Dominican Republic 0.9 11.5 1.2 65.0 
Grenada 0.4 95.0 18.7 176.2 
Guyana 0.5 61.4 14.1 19.5 
Haiti 0.0 46.8 3.3 62.0 
Jamaica 0.3 80.6 5.9 100.0 
Saint Kitts and Nevis 33.8 81.5 68.7 100.0 
Saint Lucia 0.6 94.5 76.4 100.0 
Saint Vincent and the Grenadines 0.4 86.6 13.8 205.9 
Suriname 1.4 35.6 13.8 22.5 
Trinidad and Tobago 11.6 95.5 50.4 103.9 
Source: Trade Policy, Trade and Food Security in the Caribbean; J.R. Deep Ford and Gregg 
Rawlins (data from F AO STAT, 2006) 

IMPORTS AS A PERCENTAGE OF DOMESTIC 
SUPPLY OF SELECTED FOOD GROUPS 
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Graph 2. Shortfalls in the domestic production of fruits, milk, vegetables and cereals in each of 
the CARICOM Full Member and Associate Member States. 
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The St. Vincent and the Grenadines Ministry of Agriculture, Forestry and Fisheries Strategic 
Plan for Agricultural Diversification and Development 1997-2006 is being revised to chart the 
development of agriculture and agri-business over the long term. The new agriculture will be 
developed on a policy platform of agriculture diversification around bananas. The policy points 
towards the modernization and enhanced competitiveness of the agricultural sector to achieve the 
following policy objectives: 

• Export development based on selected commodities including fisheries and other bio-
products to generate foreign exchange earnings. 

• Food and Nutrition security through the production of selected commodities including 
fish and livestock production. 
Import substitution which involves the production of special commodities and products 
for import replacement, saving foreign exchange, increasing linkages with the tourism 
sector, creating employment and the development of export base agro-industries. 
(.Extractedfrom the National Medium Term Priority Framework for FAO Assistance - St. 
Vincent and the Grenadines Draft document, 2006) 

The potential benefits of diversification to the Caribbean Community can be considered under 
five related headings: Food Security; Foreign Exchange Savings and Earnings; Employment 
Generation; Creation of Production Linkages; and Utilization of Underutilized Resources. 
(Demas, 1987). 

The above diagram illustrates the inter-connectivity of food security, agricultural diversity and 
invasive alien species. The basic premise is that the food safety goals of a country can be attained 
through agricultural diversification while safeguarding against the adverse effects of invasive 
alien species. 

The achievement of food security in the Region is inextricably linked to diversification in 
agriculture in relation to the traditional crops such as banana, sugar cane and rice. Agricultural 
diversification systems and practices should include: 

THE NEXUS 
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• Increased value-added use of the traditional crops 
• Increased production of the 'non-traditional' crops such as root crops (yam, cassava, 

sweet potato) and vegetables and fruits. 
• Introduction of new crops and varieties 
• Home gardens 
• Seed banks 
• Fodder production 
• Crop-Livestock association 
• Crop genetic diversity management 
• Cultivation of hillsides 
• Cultivation of trees and orchards 
• Optimization of land use 
• Conservation of the natural resource base; sustainable land use 
• Good agricultural practices and food safety 
• Integrated pest and crop management 
• Agro-tourism linkages 
• Organic farming 

But how do we safeguard against the adverse effects of invasive alien species? There are 
numerous examples, both within the Region and also worldwide, of the devastating effects 
invasive alien species can have on agriculture and the significant costs resulting from their 
introduction into a country. The loss due to the Citrus Tristeza Virus in Jamaica in 2001 was 
estimated at approximately US$4.5 million (Lee et al., 2002), and the estimated cost to eradicate 
the New World Screwworm in Jamaica is US$62.5 million. Although figures are not readily 
available there have been significant losses resulting from the presence of invasive alien species 
such as the Red Palm Mite, Lethal Yellowing Disease of coconuts, the Pink Hibiscus Mealybug, 
and Classical Swine Fever. 

Again the question is how do we safeguard against the adverse effects of invasive alien species 
as we move towards agricultural diversity and food security? There are several factors that must 
be taken into consideration at both the national and the regional levels. These include: 

• Agricultural Policy 
ο There is need for comprehensive agricultural policies that address the issue of 

food security within the context of agricultural diversification and invasive alien 
species both at the national level and the Regional level. It was Guyana's 
President Jagdeo who in 2003 called for a common agricultural policy for the 
Region. 

• Legislative Framework 
ο Adequate legislative framework is necessary. Many countries in the Region have 

outdated legislation or legislation which does not address adequately the issues of 
agricultural health and invasive alien species. 
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• Plant and Animal Health and Food Safety Systems 
ο Plant, animal health and food safety systems must be improved and modernized in 

order to provide the necessary support services and regulatory framework. 

• Human and financial resources 

• Infrastructure 

This list is by no means an exhaustive one. There are many factors that must be considered. 

CONCLUSION 

Five years ago, in July 2004 at the CARICOM Heads of Government Conference in Grande 
Anse, Grenada, Guyana's President Bharrat Jagdeo (current Chairman of CARICOM) presented 
a paper entitled Ά Framework for Repositioning of Caribbean Agriculture.' In the framework, 
he stressed the need for a Regional policy and strategy for strengthening food security and 
alleviating poverty. 

In January 2005, the Guyanese President's proposal was formally dubbed the 'Jagdeo Initiative ' 
with a theme 'Strengthening Agriculture for Sustainable Development.' It was described as a 
practical instrument to move forward the Regional Transformation Programme on Agriculture or 
its successor, the CARICOM Common Agricultural Policy. The CARICOM Secretariat noted 
'The policies and programmes for the agriculture sector in the Caribbean Community 
(CARICOM), as set out in the Jagdeo Initiative will ensure that the Region's agriculture sector is 
given priority in order for it to become sustainable. ' 

Under the Jagdeo Initiative several key binding constraints were identified: 

1. Limited Financing and Inadequate Levels of New Investments. 
2. Outdated and Inefficient Agricultural Health and Food Safety (AHFS) Systems. 
3. Inadequate Research and Development. 
4. A Fragmented and Disorganized Private Sector. 
5. Weak Land and Water Distribution and Management Systems. 
6. Deficient and Uncoordinated Risk Management Measures. 
7. Inadequate Transportation Systems, Particularly for Perishables. 
8. Weak and Non-Integrated Information and Intelligence Systems. 
9. Inadequate Marketing Arrangement. 
10. Lack of Skilled and Quality Human Resources. 

Several of the key binding constraints speak directly to our topic, and addressing these 
constraints both at a national and regional level is important if there is to be any real 
advancement for food security in the Region. But, four years hence and we are still faced with 
these constraints. If we as a Region are really serious about food security, we must take the 
necessary steps to do what needs to be done. 
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It is imperative that as a Region we work collectively at addressing these and other constraints if 
we are to attain our goal of food security. 

It is now time for action...We have the answers; now let's put them into practice employing the 
four P's that Senator The Honourable Arnold Piggot, Minister of Agriculture, Land and Marine 
Resources, Trinidad and Tobago, outlined in his address to this meeting of the CFCS: 

• Political will 
• Programmes that are sustainable 
• Partnerships that are strategic 
• Private sector participation 
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PANEL DISCUSSION ON TOWARDS ACHIEVING ENHANCED FOOD SECURITY 
THROUGH COMBATING INVASIVE SPECIES: ISSUES AND PERSPECTIVES 

INTRODUCTION OF THE PANEL DISCUSSION 

Dr. Carlton G. Davis, Distinguished Professor Emeritus, Food and Resource Economics 
Department, University ofFlorida/IFAS, G091 McCarty Hall, Ρ Ο Box 110240, 
Gainesville, FL, USA 32611-0240 ; Phone: 352-392-1881X 313. FAX: 352-392-9898. 
Email: cgdavis(a),ifas. ufl. edu 

Good morning! As you know the main theme of this 45th annual meeting of the Caribbean Food 
Crops Society is "Reality and Potential of Food Security and Agricultural Diversification in 
Small Island Developing States". Since food security and agricultural diversification can be 
strongly undermined by invasive species, we decided that the theme of this Symposium should 
be "Invasive Species Safeguarding: An Imperative for Caribbean Regional Agricultural 
Diversification and Food Security". 

Permanent Secretary Dr. Hermia Anthony Morton noted that "the threat of invasive species adds 
to the vulnerabilities that afflict small island developing states". Further Dr. Carol Thomas in 
her keynote address noted: "Agriculture in the Caribbean has been dominated over the years by 
the so-called traditional export crops, mainly banana, sugar cane, rice, coffee and cocoa. The 
focus of agriculture is on the production of these export crops, not on mass production for local 
consumption. Much of the food consumed in the region is imported. However, recent events, 
including the removal of preferential arrangements for export to Europe, and the effects of 
globalization, have forced countries to take agricultural diversification seriously and to change 
the focus from production mainly for export to production for national and regional food security 
and import substitution." 

Also, Dr. Thomas noted: "As net food importer, the Region has become more vulnerable to 
escalations in world food prices. In 2008 in particular, Caribbean countries were confronted with 
the urgent need to secure additional financial resources and foreign exchange to finance their 
growing food import bills. The food crisis has led to heightened emphasis on increasing local 
food production." 

Moreover, Dr. Thomas described the huge negative impacts on the food supply by invasive 
species. She cited a number of examples, including tristeza virus of citrus in Jamaica, the black 
sigaktoka fungus disease of banana on numerous islands, the screwworm in livestock in Jamaica 
and the classical swine fever virus in swine in Hispaniola. 

Our panel discussion will dovetail with the themes of the preceding speakers. Our distinguished 
panel will focus on the theme: "Towards achieving enhanced food security through combating 
invasive species: issues and perspectives". Each panel member was selected to discuss this theme 
from the perspective of their special expertise. After each panel member has made a statement, 
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we will have a brief discussion among the members of the panel. Immediately thereafter we will 
broaden participation in the discussion to include members of the audience. 

Anyone wishing to make a comment must come to a microphone. Please speak slowly and 
distinctly, since we have simultaneous translation into French, English and Spanish. The 
panelists will speak in the order listed in the Programme. 
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Invasive species, I am told, are exotic organisms that are either introduced accidentally or 
intentionally into ecosystems. They may threaten biodiversity, biosecurity, food security and 
trade. We can think of a number of species that fit the definition of invasive species that have 
invaded our shores within the past decade: the Citrus Leaf Miner, Citrus Black Fly, Papaya 
Mealybug, and, of course, the notorious Pink Hibiscus Mealybug readily come to mind. In recent 
times, Trinidad and Tobago has had to manage the Black Sigatoka disease and also, as early as 
October 2008, the Giant African Snail. And of regional concern is the Red Palm Mite -the 
invasive species that is wreaking havoc on the coconut plantations in the south-western peninsula 
of Trinidad. 

The free and more rapid movement of goods and people in this liberalized trading environment 
contributes to the movement of harmful invasive species, with the risks of more harmful 
introductions being expected to increase along our mutual frontiers. 

Notwithstanding, the various rules and guidelines of the World Trade Organization (WTO), 
Sanitary and Phytosanitary Agreement, for example, that have been established to promote the 
movement of commodities, while keeping out invasives. Various other agreements and 
conventions, such as the Convention on Biological Diversity, attempt to provide similar 
provisions. 

Despite our best efforts on national, regional and international levels, exotic pests continue to 
traverse the globe and invade new areas. In recent times we have seen pests move from the New 
World to Africa, from Asia to the Americas and to the Caribbean, and from Europe to North 
America. The recent movement of fruit flies from islands such as Trinidad and Dominica, where 
they have existed for eons to Barbados, St. Vincent and Grenada, where they had never occurred 
before, strongly reminds us of the need for greater vigilance, even within our own region. 

Keeping out or managing alien invasives will become even greater challenges as we further 
liberalize and expand trade. New trading arrangements such as the Free Trade Areas of the 
Americas (FTAA) and the Caribbean Single Market and Economy will further test resilience, as 
we struggle to comply with existing trading agreements, such as the WTO. 

We have no control over invasions by transboundary species, which can be spread by wind, 
water and other natural phenomena, and keeping them out could indeed be an enormous task. 
However, by and large many invasive species come through our various ports of entry. These 
we can keep out by strengthening our quarantine systems. Dedicating more resources, 
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improving our legislative framework, training and enforcement can do this. We can also 
intensify our surveillance systems for early detection, eradication or management. 

The impact of such invasive organisms on trade can be quite costly and very devastating. The 
moment one country announces the presence of an invasive species, it can expect some sort of 
immediate trade embargo, even when non-host species are traded. In many cases steps to be 
taken for restoration of trade can be quite costly. It invariably involves research to develop 
treatment protocols (for export) that satisfy all parties, travel and inspections to declare pest-free 
status, and the costs of implementing other management strategies. 

Chair, the scope and cost of managing the problem we grapple with are enormous but 
surmountable. I understand that alien invasives can best be managed through multi-dimensional, 
short-term and long-term approaches. These strategies should be aimed at: 

1. Increasing awareness and improving understanding of the impact of invasives on 
agriculture, biodiversity, ecosystems and trade. 

2. Recognizing that invasive species should always be treated as a priority issue, 
requiring national and international action to prevent their entry. 

3. Minimizing the intentional introduction of invasives. 
4. Evaluating in advance the risks of deliberate introductions such as biological control 

agents. 
5. Encouraging the development of action plans to eradicate or manage these invasives. 
6. Encouraging the development and implementation of national legislation and 

international cooperation to regulate the introduction, eradication or management of 
invasives that may manage to get in. 

The representation here today suggests to me that we all recognize and are prepared to confront 
the issues and challenges that we inevitably face, as we endeavor to promote safer trade. Ladies 
and gentlemen, where there is a will there is a way! 

Ladies and gentlemen, I want to thank you for coming together to share your collective wisdom 
and knowledge on managing invasive species. I also want to recognize our collaborative partners 
some of whom are here today -

• The Food and Agricultural Organisation (FAO), 
• Caribbean Community (CARICOM), 
• United States Department of Agriculture (USDA/APHIS) 
• University of Florida, F AMU, Tuskegee University, UPRM 
• Caribbean Agricultural Research and Development Institute (CARDI), 
• Inter-American Institute for Cooperation in Agriculture (IICA), 
• The University of the West Indies (UWI), 
• CAB International (CABI) 

Chair, distinguished members of the Head Table, ladies and gentlemen, I thank you and may 
God bless you! 
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Good morning! Thank you, Carlton for your introduction. I will address some of the issues 
involved in the quest to achieve enhanced food security through combating invasive species from 
a national agricultural research perspective (Table 1). I will use Dr. Carol Thomas' talk as my 
point of departure. 

We need action. We need to move from inertia. We need the right mission. We need to 
encourage participation. 

As we develop R&D plans we need to take into consideration the many vulnerabilities of 
Caribbean agriculture (Table 2) with emphasis on the following: 

1. Limited land and natural resource bases 
2. A fragile marine ecosystem 
3. Exposure to natural and man-made disasters 
4. Limited economic diversification 
5. Debilitating domestic and foreign debt 
6. High cost of infrastructure, goods and services 
7. Lack of economies of scale 
8. Market imperfection 
9. Lack of food security 
10. Paucity of research and development 
11. Loss of competitiveness 
12. Need for cheaper food, feed and fuel 
13. Inadequate quality resources 
14. No reward system, low morale, low motivation 
15. Limited qualified staff 
16. Weak management systems 

Essentially the latter are a function of the limited resource endowments that exist within the 
framework of small island developing states (SIDS). One can ask the question: "If all of that is 
the case, should we attempt to be food secure?" There are many, both within the Region and 
outside the Region, in particular some of our development partners, who are suggesting that we 
should plan hunger and import our foods. We are basically saying: "No!" to that position. Our 
position is ruled by a holistic view of the production system which reports our activities in the 
area of research relative to invasive species. That view was expressed in the early 1980s. The 
view now held is much wider than purely agricultural production systems (see Figure 1). 
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The issue of invasive species touches every facet of life in our small island developing states. 
There is a constitutional responsibility held by the National Agricultural Research System to 
provide for the Nation. And as sovereign states, although we are small, we have the right to 
determine our future. We have the right to provide safe and nutritious food for our citizens as 
well as our visitors. But there is a dilemma, which is placed upon some small island developing 
states, and that dilemma says you may have a certain per capita income and consequently you 
may be deemed to have a certain level of resources; and this ignores the fact that you have the 
ability to grow -and consequently you are always poor. 

My experience suggests that a number of the Development Agencies see you drowning, bring 
you to the shore, leave you on the sand, and say you are now safe. But, of course, when the first 
high tide comes, you are washed back into the sea. That is the problem which we now have. 

The legal and regulatory agenda needs to be addressed if we are to deal effectively with invasive 
species. We have to encompass disaster planning and mitigation because we know that two 
weeks after 9-11 the shelves in some of the supermarkets in some Caribbean nations were empty 
of food because we were relying on food, which we have to import. The issue of disaster 
planning also brings home the fact that usually after a disaster occurs there are many benefactors. 
You run the risk, however, that you are likely to encounter invasive species if you allow your 
systems to disintegrate such that you do not take on board the necessary precautions to ensure 
that you continue to be safe. 

Do not forget the S6cl, a.S cl small island developing state. It is the biggest resource available to 
you, and an important source of food. 

OTHER ISSUES 

Other issues: (1) Getting more out of less; (2) addressing the issue of intellectual property within 
the context of a small framework, because ultimately they may be the only thing that allows us 
some competitive advantage; (3) Focusing on sustainable food consumption. Until now we have 
focused on food production, but we also must take on board consumer preferences. If you look 
in the supermarkets at what people are now eating, you will see that they are not eating as many 
yams and sweet potatoes as you believe; they are eating mostly processed foods. Therefore, the 
paradigm must take on board the fact that people are moving from fresh yams and fresh carrots 
to products where these things are processed and become more convenient for consumption by 
people who have some money in their pockets. 

We need private sector leadership, not just participation. Hardly any one of us in here is going to 
invest in agricultural production or processing. We encourage, we facilitate, but we don't do it. 
And the same applies for any national public system. We need private sector leadership to 
advance the cause of agriculture generally across the Caribbean. 
(4) Advancing urbanization within a small state because there is a balance approach that is 
needed because it can't be all agriculture, it can't be all tourism. We all have to live here. (5) 
Farmer income security, safety net. From a small state farmer income and security point of 
view, there is a need to shorten the technology transfer cycle. 
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Small states cannot do it all by themselves. Within each region there are a number of enabling 
institutions (Table 3), both national and international, that are there to assist us in our domestic 
spaces. Similarly, there are a number of national, regional and international agreements to which 
we are signatories (Table 4) that inform our actions in dealing with invasive species. And these 
Agreements are important and critical because of the reasons we signed them; although we are 
challenged to service them as effectively as we would like. When you go to one of these 
meetings, you may be only one person from your country who attends the SPS meeting in 
Geneva and you sit across the table from the delegate from the United States who is supported by 
a battalion of over 100 persons. When you return, that is not the only hat that you wear. 

We need to proceed in an interdisciplinary manner. There is leadership; there is competency; 
there is delegation; there is communication; and there is institutional support. And this has to 
bring on board all of the resources which are available in any particular small island state -
whether those resources are national, regional or international; whether those resources are in the 
Ministry of Agriculture or in the Ministry of Health. 

NEW DRIVERS TO ACHIEVE ENHANCED PRODUCTION, PROCESSING AND 
TRADE INTEGRATION 

New drivers for positive change are listed in Table 5. 

Leadership in other sectors is critical and important because agriculture provides the financial 
framework for the benefit of the nation. Capital generated in agriculture was invested in tourism 
and manufacturing. We now need to see a backflow of capital from these industries into 
agriculture to set in motion the redevelopment of agriculture. 

We need to avoid "redo-itis". We have a way of redoing what has been done before because we 
believe that our way is safer; but that is not the case. 
We need to introduce best practices. 
We need to outsource but own the process and output. We need to outsource because we do not 
have all of the resources, so we must be able to engage USD A, the University of Florida, or the 
University of the West Indies to help us do what we are supposed to do. 

We need to lean on Diaspora to send us money and to assist in our development; we need to get 
the diaspora to send us the intellectual capacity of a number of Caribbean persons such as 
Carlton Davis, to go back to Jamaica and help in Jamaica. 
We need to work smart. Barbados now has a program that is called the National Initiative in 
Service of Excellence, which is something that is important. 
We need to strengthen capacity and institutional capabilities. Barbados is now engaging officials 
from the IDB to help us audit and strengthen our laboratories and to deal with the legal and 
institutional framework needed to deal effectively with invasive species. 
The issue is bigger than agriculture. If we do not deal effectively with invasive species, we will 
compromise our natural resources, we will compromise our beaches, and we will compromise 
our water. The issue is bigger than agriculture, so we have to think big! 
We need increased response to services, and honesty in reporting on the occurrence of pests. We 
must do pest risk analyses. 
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We must develop our pest lists, and we must share them fearlessly with out trading partners. We 
must not hide them. 
We need to eliminate the mentality which says let us go after the small guy. Why should we in 
the Caribbean be talking about trade where we are going to disenfranchise the farmers in our 
neighboring states? Instead, why don't we get together and tackle the market in the United 
States which has the capacity to absorb all of our production? 
We need collective action at all levels. We need to develop low input sustainable systems, low 
chemical systems. 
We need to consider cross border investments in production and to follow the example of 
Singapore. Because not all of the production takes place in Singapore; some takes place in 
Australia and some takes place in Thailand. 
Production, processing and trade integration has to be the way forward in the Caribbean. 
Thank you very much. 

The cotton seed bug, Oxycarenus hyalinipennis (Costa), a threat to cotton in the Western 
Hemisphere. Original photo from UTA and displayed in the photo gallery of the Cooperative 
Agricultural Pest Survey Program, Florida Department of Agriculture and Consumer Services. 
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Figure 1. Holistic view of agriculture with emphasis on pre-production factor, production, 
postharvest handling and marketing. 
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Table 1. Issues in the quest to achieve enhanced food security through combating invasive 
species as seen from a national agricultural research perspective 

1. Constitutional responsibility 10. Addressing intellectual property 
2. Sovereignty 11. Focusing on sustainable food 
3. The right to safe, nutritious food consumption 
4. SIDS development dilemma 12. Dynamic consumer preferences 
5. Legal and regulatory agenda 13. Farmer first 
6. Resource endowment 14. Private sector leadership 
7. Disaster planning, mitigation and 15. Advancing urbanization, nuisance 

management trade 
8. Do not forget the sea, the biggest 16. Farmer income security, safety net 

resource 17. Shortening the technology transfer 
9. Getting more out of less cycle 

Table 2. Vulnerabilities of Caribbean agriculture 

1. Outdated technology 13. No reward system, low morale, low 

2. Less than optimum staff deployment 
motivation 

3. Protecting the turf, Protecting each 
14. Limited qualified staff 

other 15. Weak management systems 

4. Accountability not all pervasive 16. Exposure to natural and man-made 

5. No systematic approach to staff 
disasters 

development 17. Limited land and natural resource bases 

6. Men at work, not working 18. A fragile marine ecosystem 

7. Misguided political will 19. Limited economic diversification 

8. Market imperfection 20. High degree of economic openness 

9. Lack of food security 21. Foreign trade accounting for more than 

10. Paucity of research and development 
two-thirds of GDP 

11. Loss of competitiveness 
22. Debilitating domestic and foreign debt 

12. Need for cheaper food, feed and fuel 
23. High cost of infrastructure, goods and 

services 

Lack of economies of scale 
Inadequate quality resources 

24. 

High cost of infrastructure, goods and 
services 

Lack of economies of scale 
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Table 3. Shared regional responsibilities 

• Revised Treaty of Chagauramus 
• CSME,CAHFSA, COTED, CROSQ, CRFM 
• CDB, CARDI, UWI, 
• CCCCC, CIMH, CRNM 
• CARICOM Expert Zoo and Phyto sanitary Teams 
• Caribbean Pesticide Control Boards 
• IICA, FAO, OAS, ACS, CABI, UNDP 

Table 4. International agreements that must be managed. 

• World Trade Organisation 
• Sanitary and Phyto Sanitary 
• Technical Barriers to Trade 
• Intellectual Property 
• Biosafety and Biosecurity 
• Biodiversity 
• Persistent Organic Pollutants 
• Prior Informed Consent Procedure 
• Chemical Weapons 
• Bioterrorism 
• IPPC, ISPM 
• OIE, CODEX 
• ICCAT 
• WMO, CMO 

Table 5. New drivers to achieve enhanced production, processing and trade integration 

1. Leadership from other sectors 11. Strengthen Capacity and capability 
2. Consumer preferences 12. Bigger than agriculture, water, 
3. Convenience services 
4. Avoid redo-itis 13. Increased response to services 
5. Eliminate turf wars 14. Honesty in reporting 
6. Introduce best practice 15. Eliminate mentality which says let 
7. Outsource but own the process and us go after the small guy next door 

output 16. Collective action at all levels 
8. Lean on Diaspora 17. Low input sustainable systems, low 
9. Working smart chemical systems 
10 NISE (National Initiative in Service 18. Cross border investments in 

of Excellence, Barbados). production 
19. Production, processing and trade 

integration 
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Mr. Chairman, thank you. 
Food Security; or as I would prefer to say Food Sovereignty: CFCS members and 
agriculturalists in general have been talking about the importance of this topic for some time. 
However, it remained on the back burner until everybody received a jolt in late 2007 and through 
the first half of 2008 with a very steep rise in food prices. Then everyone realised the risks of 
not having Food Sovereignty, and it has now been placed firmly on the front burner. 
Climate Change: When we began to hear about this in the 1990's few people (including few 
agriculturalists I am sorry to say) were very concerned. Many thought it a bit of a false alarm; 
others, particularly those in non-tropical zones, were not too concerned that the weather would 
become "a little warmer". However, as the 21st Century dawned we began to see quite frequent 
extreme events including vicious hurricanes in some parts of the Caribbean and unprecedented 
floods in other parts of the Caribbean. Then people realised that Global Climate Change was for 
real and was affecting all, with worse to come. It was placed on the front burner. 
Invasive Species: We in this forum today are concerned about this problem, but outside this 
room there is not so much concern. It is an issue definitely on the back burner. We see the 
effects in agriculture, but the public is not too concerned. People continue to smuggle living 
plants and raw foodstuff across international borders, but the sheer number of travelers makes 
detection of most cases impossible. The Caribbean Pathway Analysis conducted for CISWG by 
USDA APHIS brings this problem to our attention. 

Somehow Invasive Species has to be put on the front burner now with the need for Food 
Sovereignty and the need to slow or stop Climate Change. Invasive Species pose major threats 
to international trade, to human health, to the environment and to our food supply. We must get 
Invasive Species on the front burner by sensitising the public. CARDI and CARICOM have 
public relations functions and these are getting together to try to make the public aware of the 
problem. A strategy has been developed, but lack of funding has prevented this being 
implemented. Yet all of us must do whatever we can to bring the problem of Invasive Species to 
the public in order for it to go on the front burner. 

We are going to hear a lot of very interesting presentations today. Let us not forget that 
these are alarming as well as interesting; the problems caused by invasive species are getting 
more frequent and are causing more economic setbacks. Let us take good note of the issues 
raised today and remember to try to put them on the front burner. 
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As a partner in the Greater Caribbean Region's efforts to address invasive species that negatively 
impact our natural resources, food production, food safety, and the facilitation of safe trade, 
USDA APHIS is greatly interested in continuing our partnership with a strengthened focus on 
pest exclusion, pest detection, and pest mitigation and suppression activities. We believe these 
elements are essential to the foundation of combating invasive species and needed in order to 
ultimately achieve enhanced food security in the region. 

Our interest is demonstrated in USDA APHIS' active involvement in past and present 
collaborations in the region such as capacity building activities involving pest surveillance, 
detection, and identification of exotic plant pests of mutual concern; pest mitigation measures 
against pests such as the pink hibiscus mealybug, red palm mite, giant African snail and fruit 
flies; safeguarding at regional ports of entry, pest risk assessment and many other plant health 
safeguarding activities. Also our interest is demonstrated through our involvement and support 
of CISWG, the Caribbean Plant Health Director's group and their Technical Working Groups. 

USDA APHIS Greater Safeguarding Initiative, recently expanded and redesigned, offers further 
support towards achieving enhanced food security through combating invasive species by 
seeking to strengthen our partnerships in the region to establish a perimeter defense against the 
introduction of high risk plant pests into the GCR. Through collaborative efforts USDA APHIS 
tries to harmonize plant quarantines, pest exclusion strategies and other safeguarding initiatives 
among partners before these species reach the borders of our nation. In my presentation this 
afternoon, I will provide an overview of USDA APHIS Greater Caribbean Safeguarding 
Initiative. Thank you for this opportunity to be a part of this discussion. 
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I have been asked to discuss achieving enhanced food security through combating invasive 
species from the national and host country perspectives. I am glad that I did not prepare 
anything, because many of my thoughts have already been expressed by speakers on this panel 
who preceded me. I want to bring something new to this discussion. In Nevis we have several 
invasive species of great interest. The first is the tropical bont tick, which was introduced into 
Guadeloupe in 1828 on cattle imported from Senegal, West Africa. It reached St. Kitts in 1978 
and Nevis in 1995. Now consider that in the 167 years from 1828 to 1995 we had no need to 
control this dire pest, and we were waiting for a solution to this problem to be presented, 
knowing full well that the migration of this tick to Nevis was inevitable and irreversible, and yet 
we had no plan of action! 

Even before the bont tick we already had a problem that was wreaking havoc on the agricultural 
industry: the green monkey. Nevis has a human population of about 12,000 persons, whereas in 
contrast the lowest estimate of the green monkey population on Nevis is 40,000. They are taking 
over agriculture. Years ago when we were starting to put a halt to the monkey population there 
was an international outcry by animal rights persons who judged that the agricultural and 
ecological damage caused by the monkeys was minimal. Strangely enough, this year people who 
live high up on the mountain, the same people who cried out for animal rights, now say: "kill 
them all!" Because they are now being impacted by the monkeys in their vacation homes in 
Nevis. When they go to their swimming pools, the monkeys are there. When they walk out into 
their yards, the monkeys are there. So now they say: "kill them all!" 

Concerning invasive pests of crops, we have heard some alarming talks this morning. We heard 
in stark terms about the red palm mite and cocoanut lethal yellowing. The damage from lethal 
yellowing is very great. In 2006 lethal yellowing was discovered in Nevis. In relation to the 
building and landscaping of hotels and exquisite vacation homes, everything comes into Nevis. 
We are fighting a losing battle against invasive species because they will come. The question is 
not "whether they will come?" or "when will they come?", but "what can we do when they do 
come?" Sad to say we have no plan in place and even if we had a plan we could not afford it. 
And in some cases we know what to do, but we cannot afford it; so what can we do? 

Some speakers this morning talked about diversification of crops - keeping one step ahead of 
new invasive species. If you go outside this room you will see a poster that shows the avenues 
by which invasive species can get here: blown on the wind, borne on sea currents, by airplane, by 
ship, in baggage, on people's clothing. You cannot turn back the clock. If we had all the research 
-all the money in the world- we would not be able to stop them. Look at the United States of 
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America; the most powerful country of the world cannot stop them! And yet they are suffering 
from the same things we are suffering from. So the lesson is that you must have a plan not so 
much to prevent entry but to slow the entry; so we must slow down entry and after they have 
arrived, figure out what to do then. 

Basically we have surrendered to invasive species. We have to lie down with the mealybug, we 
have to lie down with the green monkey; we have to lie down with everything else; because it is 
good to say "We have a plan". Politicians like to talk: "We have a plan". But there is no money 
in the plan, no regulation of the plan, and no enforcing of the plan. And therefore it does not 
make sense to say we have a plan, but I am not a politician; I am a realist. And I used to say, I 
always repeat it, and those of you with sensitive ears might not want to hear it. I remember I did 
a wonderful presentation for a professor at the University. And the professor said to me, "Kelvin, 
that is the best intellectual masturbation I ever heard!" But now I am independent. 

We are well at risk at being so genteel and so correct in our discussion with respect to invasive 
species! We are not angry, we are not troubled, we are so correct, and we are research persons, 
and we are gentle, and we have long discourses, but no one is angry. And we should be angry! 
Because these things are coming in under our noses unchallenged because we are not putting 
resources into it to either slow down the rate at which they are coming or have a reaction back. 
We need the equivalent of a FEMA. We need a CIRAD. We need a Caribbean or CARICOM 
Emergency Management Agency with teeth and money to effect changes. In 2008 after much 
discussion we realized that we have the red palm mite in Nevis. We brought in experts from 
CARDI and they confirmed it. We had a beer, a few drinks, and they went back. 

What is the solution? I am not picking on CARDI. I have good friends who work for CARDI. 
But we are like, "okay, we have the red palm mite; so what next?" What did Trinidad do? What 
did Barbados do? What did Dominica do? Do we have something in place to emulate what those 
countries did without having to reinvent the wheel? There must be something effective that 
others did. Did they bring in biological agents? Did they resort to aircraft spraying, and did they 
undertake farmer education? What did they do? Why is there no clearinghouse for information? 

We have been fighting for years to ensure that a certain percentage of our national budget is 
entrusted to agriculture. Why? Because as things go and come, the first thing they cut is 
agriculture and education. The first thing they cut is education and agriculture. Why do they cut 
them? I don't know because they are perfectly visible. Do they cut all programmes by the same 
percentage? No! They do not cut the politically motivated programmes because of the mileage 
they get from them. Why do they cut us? Because we are not angry people. We do not go around 
dumping dead chickens on the Government House. We do not dump manure onto the front yards 
of the politicians' homes - demanding protection - demanding effective control programmes. We 
sit back. We have nice conferences about invasive species. 

And I say enough is enough! Our premise is false. Our premise is false. If we don't have a plan, 
we have no future, we have nothing. Thank you. 
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INTRODUCTION 

According to the Rome Declaration on World Food Security enunciated at the World Food 
Summit held in November 1996 ... Food security exists when all people, at all times, have 
physical and economic access to sufficient, safe and nutritious food for a healthy and active life 
(FAO, 1996). The latest FAO data indicate that 923 million persons, and most of these in 
developing countries, are chronically hungry (FAO, 2008); these persons do not have sufficient 
food to meet their basic nutritional needs and this, despite the ongoing global efforts to achieve 
Goal 1 of the Millennium Development Goals of halving the proportion of persons suffering 
from hunger by 2015. In fact, in a region like Sub-Saharan Africa, hunger is increasing (UN 
Millennium Project, 2005). For the Latin American and Caribbean region, FAO (2008) 
estimated that 45.2 million persons are undernourished (North America and Central America, 
8.8 million; South America, 28.8 million; Caribbean, 7.6 million). Alarmingly, the FAO 
suggests that the number of chronically hungry persons in the world rose by 75 million in 2007 
due principally to soaring food prices; this compares with an increase of 6 million for the 2003-
2005 period over the 1990-1992 baseline period (FAO, 2008). However, FAO questions 
whether it is being too conservative and quoted USDA data (derived with a different 
methodology from that employed by FAO) which indicated that the number of undernourished 
persons increased by 133 million in 70 countries studied, due to high food prices (FAO, 2008). 

One of the major constraints to increased food production and food security is the action of crop 
pests, whether native or invasive aliens. Oerke (2006), for example, reported global losses in 
several crops, varying from 50 percent in wheat to over 80 percent in cotton; for maize, rice and 
potatoes losses were 31, 37 and 40 percent, respectively. Further, according to this report, weeds 
generally caused the highest potential loss (34 percent), with animal pests and pathogens 
responsible for losses of 18 and 16 percent respectively. 

INVASIVE ALIEN SPECIES IN THE CARIBBEAN 

There have been several recent reports highlighting the increasing introductions of invasive alien 
species (IAS) in the Caribbean and measures to mitigate these introductions. For example, Kairo 
et al (2003) documented a range of IAS threats to the Caribbean but still recognised that several 
knowledge gaps exist, for example, with respect to the reporting (or under-reporting) of micro-
organisms or of marine organisms. Interestingly, from an agriculture perspective, the least 
number of invasive threats identified were to agriculture. Other reports have listed specific 
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threats to agriculture (Pollard, 2005; Pollard and Pegram, 2004; Pollard et al., 2008). Also, IAS 
threats to US-Caribbean agricultural trade have also been considered (Klassen et al., 2004). The 
impact of IAS on agriculture is both direct (loss in yield, impact on livelihoods) and indirect (e.g. 
loss in biodiversity). For example, not only does the giant African snail cause severe loss in yield 
to several crops (Mead, 1961; 1979; Mead and Palcy, 1989; Matalavea, 1997; Birat, 1971; 
Srivastava, 1973) but this pest has also been observed preying on veronicellid slugs at two sites 
on the island of Oahu, Hawaii (Wallace et al., 2008). This recent observation could have grave 
implications on the impact on biodiversity in those areas where the giant African snail has been 
recently introduced as it may cause a decline in native molluscan species. 

IS THE REGION PREPARED TO DEAL WITH INVASIVE ALIEN SPECIES? 

Role of Governments 
According to the Convention on Biological Diversity (CBD), Article 8(h) ... Each Contracting 
Party shall, as far as possible and as appropriate: Prevent the introduction of, control or 
eradicate those alien species which threaten ecosystems, habitats or species. All governments of 
the Caribbean have ratified and/or acceded to the CBD and, hence, are obliged to implement its 
provisions. Therefore, it is obligatory on the part of every Caribbean Government to do all in its 
power to prevent the introduction of, or to control or eradicate those invasive species which 
threaten ecosystems or indigenous species. However, the question is how many Governments 
have put the required mechanisms in place (policies, research, legislation and regulations, etc) to 
combat the increasing IAS threats resultant from the increasing imports of agricultural products 
by Caribbean countries and the growing numbers of tourists into the region. 

In order to prevent the introduction of new pests into a country, provisions of the International 
Plant Protection Convention (IPPC) and the WTO Agreement on the Application of Sanitary and 
Phytosanitary Measures (SPS Agreement) apply. These international agreements, of which 
nearly all Caribbean countries are Parties, establish a framework of rules and disciplines to guide 
the adoption, development and enforcement of sanitary and phytosanitary measures to safeguard 
human, animal and plant health from those organisms that may be introduced (IAS included) 
through trade in agricultural products and in such a way that their negative effects on trade are 
limited. How successful have Caribbean governments been in the application of measures of 
these two agreements? 

According to Kairo et al (2003), there is considerable variation in the capacity of island states in 
the Caribbean to tackle invasive species issues at the national level and, further, even when there 
might be some national capability (e.g., regulations and infrastructure in relation to the 
agriculture sector generally) ... there is often a lack of capacity and enforcement. In the latter 
regard, governments were strongly urged to address the need for the drafting and implementation 
of required legislation and regulations to deal with the introduction, spread and management of 
invasive alien species. Taken further, it was the view of these authors that governments need to 
have a clearly enunciated policy on invasive alien species. 

Apart from national action, there is also the need for regional collaboration to mitigate the impact 
of a growing number of regional threats. Recent regional impact of agricultural invasive alien 
pests, such as coconut lethal yellowing or red palm mite (Raoiella indica) or pink hibiscus 
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mealybug (Maconellicoccus hirsutus) indicate the need for regional responses to such threats 
(e.g., Kairo et al., 2008). In fact, the point has been made that preventing the introduction of 
invasive alien species must be a collaborative effort not only regionally but also globally. For 
example, Burgiel et al. (2006) stated ... To be most effective, a system of prevention measures 
must be international or regional in scope, and implemented at the national level via strong 
legislative and regulatory systems. 

Role of Regional Research and Academic Institutions 
Notwithstanding the obligatory role of governments, what must or should be the role of regional 
research/academic institutions? Do they have a role to play? If so, then to what extent have these 
institutions taken up the challenge to address the growing problem of invasive alien species and 
of mitigating the threat of these organisms? This latter question is particularly relevant when 
these institutions are supported wholly or partially by public funds. 

It is the view of the author that national and regional research and academic institutions must, in 
the first instance, be critically supportive of any official governmental policy and action in 
identifying and mitigating the threats of invasive alien species. Additionally, such institutions 
must take a major, if not the leading, role where there is a lack of national capability and 
capacity, in spearheading relevant research in the mitigation and management of introduced 
invasive alien species. Preferably, such research would be in collaboration with national research 
institutions when the capability exists. Academic/research institutions can provide, for example: 

° Taxonomic assistance in the identification of newly introduced invasive alien species 
° Research on the biology, ecology and management of invasive alien species 
° Training of national plant protection and quarantine (PPQ) personnel in the identification of 

invasive alien species 
° Training of national plant protection and quarantine (PPQ) personnel in the management of 

invasive alien species 
° Training of national plant protection and quarantine (PPQ) personnel in modern plant quarantine 

procedures including (but not limited to) detection surveys for invasive alien species, inspections 
at ports of entry and treatments 

° Pest risk analysis (PRA) training, inclusive of pathway risk analysis, to national PPQ personnel 
° Development of relevant national and/or regional databases on invasive alien species 
° Assistance with the development of national pest lists 
° Assistance with the development of national emergency action plans to deal with the 

introduction of those invasive alien species with grave potential to have major impact on agro-
ecosystems and natural habitats 

Activities at the St Augustine Campus of the University of the West Indies (UWI) 
While there is no formal programme on invasive alien species, several activities exist. These 
include: 

Research activities (ongoing or planned): 
° Studies on fresh water and marine invasive alien species - Invasiveness of guppies, Poecilia 

reticulata (in collaboration with University of Edinburgh); green mussel (Perna viridis) 
° Revision of the flora of Trinidad and Tobago, in collaboration with Oxford University. It is 

expected that this study will identify any new invasive alien plant species in the country 
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° Biology and management of invasive alien pest species affecting agriculture, e.g., hibiscus 
mealybug (Maconellicoccus hirsutus); red palm mite (Raoiella indica); citrus blackfly 
{Aleurocanthus woglumi) 

° Preventing the entry of Moniliophthora roreri (causal agent for Frosty Pod Rot of Cocoa) into 
Trinidad and Tobago (in collaboration with the Cocoa Research Unit and the Ministry of 
Agriculture) 

° The maintenance of the native biodiversity of the ESA - Nariva Swamp by the production and 
transplanting of IAS-free palm seedlings 

° Managing the spread of Acacia mangium as an invasive alien species within natural forests in 
Trinidad 

Teaching 
MSc Crop Protection: modules on invasive alien species as crop pests and the various related 
international agreements, viz. IPPC and WTO SPS Agreement. 

Outreach 
UWI is a member of the Caribbean Invasive Species Working Group (CISWG) and, hence, is an 
active collaborating partner in the ongoing work on the development of strategies to mitigate the 
impact of invasive alien species in the Caribbean sub-region. 

CONCLUSIONS 

The Caribbean region continues to be vulnerable to introductions of invasive alien species. Over 
the past decades and, increasingly more so, this region has experienced the introduction and 
establishment of several invasive species which have had severe impacts on the agriculture 
sector. Disturbingly, governments in the region have done too little to deal with these threats. 
More surprisingly, is the relatively scant effort that regional academic institutions, especially in 
the CARICOM region, have paid to this problem. While individual researchers have tackled 
those invasive species problems in which he/she might have had a particular interest, there has 
seemed to be no effort to develop a comprehensive national or, more preferably, regional 
programme to address this major problem. 
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Thank you, Chair, for your kind introduction. I thank the organizers of the Invasive Species 
Symposium for giving me the opportunity to discuss how to achieve enhanced food security 
through combating invasive species from the perspective of a regional integration coordinating 
institution. 

The Revised Treaty of Chaguaramas established the Caribbean Community (CARICOM) 
including the CARICOM Single Market and Economy (CSME). The Community is made up of 
15 Member States and five Associate Members. The Conference of Heads of Governments made 
up of the Prime Ministers and Presidents of the Member States is the highest Policy Making 
Organ of the Community. There are several Councils which allow for a system of consultations 
to enhance the decision making process of the Community. The Council for Trade and 
Economic Development (COTED) is comprised by the Ministers of Trade/Economic 
Development and Ministers of Agriculture. The CARICOM Secretariat is the principal 
administrative organ of the Community and is headed by a Secretary General who is the Chief 
Executive Officer of the Community. 

The presentations you just heard by representatives from Trinidad and Tobago, Barbados and St. 
Kitts and Nevis clearly elaborated the major constraints and challenges involved in enhancing 
food security and in combating invasive species. If we consider these constraints and multiply 
the commonalities by 20 states, then we arrive at the perspective of a regional integration 
coordinating institution, i.e., the CARICOM Secretariat. 

Some of the obligations in the Revised Treaty of Chaguaramas are as follows: 
ο Increase and expand food security for the Region 
ο Expand agricultural production and food self-sufficiency of the Region. 

To achieve these major goals, the Revised Treaty of Chaguaramas mandates: 
ο Establishment of an effective and efficient Sanitary and Phytosanitary (SPS) 

regime, 
ο Changing administrative and legal and technical processes to best support SPS 

measures (Article 74). Changes are to be arrived at by consensus, not just with 
respect to the SPS but to various other issues as well. 

Thus we have to deal with issues of science and technology within the context of wide disparities 
in scientific infrastructure among the Member States. Further we have to examine the legislation 
pertaining to food security and SPS issues in order to establish a basis for harmonizing 
regulations and approaches. 
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Clearly we find that much work remains to be done to achieve a high level of coordination 
between and among 20 states. Indeed we find that the integration challenge is really quite great 
even for those major problems that all Member States have in common for the following reasons: 

1. We must have agreement /consensus before we can use and implement a certain method 
or concept. 

2. Timing of agreement and implementation is important and often hard to optimally 
synchronize across 20 Member States. 

3. Resources, although generally scarce, vary greatly for any specific initiative among the 
20 Member States, and CARICOM simply does not have sufficient resources to 
undertake every vitally important programme. The adequacy of the technical 
infrastructure to deal with SPS issues varies greatly among Member States, and we have 
a long way to go to develop such capacity throughout the whole community. It can be 
said that the CARICOM chain is as strong as the strongest link and weak as the weakest 
link. SPS related programmes must be based on sound science. Policy must be grounded 
in sound science. The way forward must be based on sound science. Moreover, we must 
proceed on the basis of consensus, and this is not always achieved quickly. 

4. The CSME gives us opportunities for increased trade, but it also increases the movement 
of people, who often unknowingly move plant material infested with invasive alien 
species. Thus we need to support a massive public education process within the CSME. 
We need to strongly encourage trade between and among the Member States as a means 
of creating wealth within CARICOM. However, the benefits of trade must not be 
undermined by the shipment of infested products. We welcome collaboration with 
APHIS and CIRAD in helping us to strengthen SPS measures. Public education within 
CARICOM is extremely important in support of SPS measures, food security and food 
self-sufficiency. 

PREDISPOSING FACTORS FOR INCREASED INFLOW OF INVASIVES 

Modern transportation is a significant predisposing factor in the influx of invasive species into 
the Caribbean. As air and sea linkages of Caribbean countries to south Asia, Australia and New 
Zealand and to South and Central America have increased, so has the rate of inflow of invasive 
species. We have found that many invasive species come from India and other parts of south 
Asia; people bring live plant materials into the Caribbean from those distant lands. We need to 
educate people concerning the immense risks to the Caribbean of such well-intentioned but 
unwise actions. 

Geography also plays a significant role in the spread of invasives. Guyana and Suriname, being 
located on the northern coast of South America, and Belize, being located on the northeastern 
coast of Central America, are very vulnerable to the influx of invasives from adjacent countries. 
Trinidad is just a short distance off the coast of Venezuela. Boats ply the waters between the 
many island states in the Caribbean Sea. Clearly, the CARICOM Member States are predisposed 
by transportation, geography and the formation of the CSME to a high rate of influx of invasives 
as well as to the rapid dispersal of invasives between and among the Member States. 
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People take advantage of proximity to engage in commerce. Many break the law either 
knowingly or unknowingly. The CSME will increase both trade and the movement of people. 

In order to meet the challenge of movement of commodities and the movement of invasive 
species, we need (1) early intelligence, (2) monitoring systems, (3) surveillance programmes and 
(4) the knowhow and wherewithal to control or eradicate incipient infestations. In short we need 
to practice disaster preparedness, as well as to meet the requirements of the World Trade 
Organization. 

The formation of the World Trade Organization in 1995 has changed the way countries can 
control international trade. The WTO provides a framework for negotiating trade agreements, 
and a dispute resolution process aimed at enforcing adherence to WTO agreements such as the 
Agreement on the Application of Sanitary and Phytosanitary Measures (SPS Agreement). Under 
the SPS Agreement the WTO may override a country's use of the precautionary principle - a 
principle which allows a country to act on the side of caution if there is no scientific certainty 
about potential threats. Now under the SPS rules, the burden of proof is on countries to 
demonstrate scientifically that something -such as a plant pest or pathogen- is dangerous before it 
can be regulated. Thus in order to engage in trade, each country needs to have available an 
inventory of plant pests and pathogens in order to be able to judge whether imported products 
pose a risk. 

Fortunately for us we have fora such as this Symposium and development partners such as 
USDA-APHIS, CIRAD, FAO and IICA. So we have a wealth of collaborators who can assist us 
in establishing a SPS system for CARICOM Member States. In the first of this series of invasive 
species symposia at the 2003 CFCS meeting in Grenada we began the development of Caribbean 
Regional Invasive Species Intervention Strategy (CRISIS). CRISIS has been adopted by COTED 
and it has broad acceptance as the Regional Policy of the CARICOM Member States. Our 
challenge now is how to implement it as a priority during this time of very scarce resources. So 
how can the Ministries of Planning and the Ministries of Finance in the Member States ensure 
the appropriation of resources sufficient to implement this strategy to erect an effective and 
efficient safeguarding system? 

COORDINATING CHALLENGE 

So having said that, we have the needed plans, the determination and the patience to meet the 
challenge. We have information on what we should do, namely: 
(1) Develop the infrastructure, 
(2) strengthen and build capacity, 
(3) reform the legislation, and 
(4) strengthen/establish the institutions. 

Fortunately in many Member States we have scientists and technicians competent in what needs 
to be done, and we have politicians who know what is at stake and who guide agriculture and 
trade. They are the key to providing some of the needed resources. And if we are to take 
anything from the address of Senator The Honourable Arnold Piggott, it is that (1) the impacts of 
invasive organisms on trade can be quite costly and very devastating, and (2) once reliable 
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estimates of the monetary impacts of invasives on agricultural production and trade become 
available, these data will serve as a powerful justification for the appropriation of some of the 
needed resources to implement effective and efficient safeguarding measures. 

So to a certain extent we need to refocus our effort to obtain data on the monetary value of the 
losses in production intended for export in order to justify public expenditures for safeguarding. 
Once the impacts of inadequate safeguarding on trade are known, we can make the case for 
increased appropriations. I am not saying that biodiversity is unimportant or that the environment 
is unimportant, but appropriations must be justified in terms of economic impacts. It is the 
monetary impact of inadequate safeguarding on agricultural production and trade that is most 
likely to capture national and international attention and provide the public support needed by 
politicians to make needed appropriations. So it is the private sector that needs to understand 
what is at stake and to urge the politicians to take action. 

Chair that concludes my remarks. Thank you very much! 

CARICOM Agriculture Donor Conference 
CROWNE PLAZA, PORT OF SPAIN, TRINIDAD AND TOBAGO, 2 June 2007 

Nutrition and food health related challenges 
/ . r , - - - r - - - - -- - » w /TL, ™ mr • -I t . it m-m * m

« Table 7: Prevalence of undernourishment in total population (%) 

Countr ies 1969-1971 1979-1981 1990-1992 1995-1997 2001-2003 
provisional 

2002-2004 
preliminary 

7 12 9 14 7 8 
3 <2.5 <2.5 3 <2.5 <2.5

I 17 4 7 6 5 4 
42 27 4 7 8 8 
40 25 27 26 27 29 

Ρ 28 28 9 7 7 7 
19 13 21 12 9 8 
54 48 65 59 47 46 
12 10 14 11 10 9 
47 26 13 19 11 10 '
34 19 8 7 5 5 
19 14 22 27 12 10 
23 18 13 10 10 8 
16 6 13 15 11 10 

Source: FAOSTAT, 2006 
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Thank you Dr. Davis. Good morning ladies and gentlemen. 

I would like first to express our gratitude towards the Ministry of Agriculture of Saint Kitts and 
Nevis and the CFCS Board for their invitation to attend the T-STAR Symposium and the 45th 

annual CFCS Meeting. The Directorate of Agriculture of Martinique - Plant Health Service is 
honored to be here. 

Dr. Pierre-Yves Techeney will later give an overview of our IAS activities within the PANDOeR 
project. I will now focus on food security, food safety and food quality issues, related to plant 
health. 

Failure in the early detection and control of invasive species together with failure in the 
surveillance and control of pests and diseases already present in the country are among the major 
obstacles to achieving complete food security, and also to guaranteeing a high degree of food 
safety for consumers. We can assert authoritatively that plant health problems are a major factor 
in the availability of fruits and vegetables, and thus a major factor in food quality, as to the 
nutrition point of view. 

In order to underscore the importance of these factors of food production, the French Ministry of 
Agriculture and Fisheries changed its name last month to the Ministry of Food. Agriculture and 
Fisheries. 

Also the Ministry changed its way of tackling the food issue. At the Regional level, we are no 
longer speaking of a Veterinary Service and a Plant Health Service, but of one unique Regional 
Food Directorate, merging both animal and plant health issues, with food safety and nutrition 
issues. 

In constructing such a "food dedicated" Service, we must take into account that food security 
depends mainly on development and economic strategies, i.e., food security is an issue that cuts 
across all government and professional organizations involved in the sustainable development of 
the rural/agricultural milieu. 

In Martinique, food security still depends principally on imports; food transportation and 
imported food prices are closely linked with banana exports (200,000 tonnes per year). Thus the 
same boats that each week leave from Martinique for Europe full of Cavendish bananas in 
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refrigerated containers return to Martinique full of European or African vegetables and fruit, 
cheese and cooked pork meats, cereals. 

Imports from Guadeloupe, Dominica, Saint Lucia, the Dominican Republic, Cuba, Colombia, 
and Venezuela complete the picture. Clearly food security in Martinique is very vulnerable, for 
example, when the harbor is blocked (strikes, natural disasters) or when banana exports have 
stopped, as happened in 2007 as a result of destruction by Hurricane Dean. 

Diversification of food production is an urgent necessity and a difficult challenge. 

Food safety concerns, for the consumers, are focused mainly on pesticide residues; most of the 
other problems are well controlled. We are faced with a problem of soil pollution of part of the 
arable land in French West Indies. Actually the long use of chlordecone, also known as Kepone® 
(perchloropentacycladecan-5-one, C10CI10O,), a pesticide used against the black banana weevil 
[Cosmopolites sordidus (Germar)] in the seventies and eighties, will have a long-lasting impact 
on the environment. Because some vegetables, mainly roots and tubers, were produced in 
contaminated soil, they were contaminated and eaten by consumers during several years. 
Therefore, the necessity emerged to undertake in-depth and large scale medical studies on 
exposed consumers; and these studies are still in progress. 

There is, therefore, a strong willingness of the population to reduce pesticide use and impact. We 
scientists understand the need to minimize exposure to pesticides. However, we also must teach 
the general public the best ways to avoid chemical treatments: 

(i) to prevent the introduction of harmful alien species, 
(ii) to use preventive agronomic practices against indigenous pests, and 
(iii) to control pests with alternative methods to the maximum extent possible. 

The food quality issue, which, inter alia, means the availability of all important nutrients in 
proper balance to people of every class, is essentially the issue of the accessibility of all people to 
fresh fruits and vegetables. It is obviously linked with the obesity and diabetes issues, which are 
two-fold more worrisome in the French West Indies than in the global French population. The 
prices of fruits and vegetables are real obstacles to their regular purchase by people in the poorer 
classes. For example tomatoes can reach 10€ for 1 kg (US$ $6.18/lb; where 1€ = US$ 1.50), 
limes, 4€/kg (US$ $2.73/lb), and a large watermelon, 15€ (US$ 22.50). 

Some of the root causes of such high food prices are as follows: 

(i) on the one hand: the low yields linked to plant diseases damage, e.g., high yield losses caused 
by tomato yellow leaf curl virus and Ralstonia solanacearum on tomato, and tristeza virus on 
citrus, or, even the scarcity of some fruits and vegetables, such as papaya due to a recent and 
severe virus attack, and 

(ii) on the other hand, the cost of phytosanitary products, which have become progressively more 
scarce as a results of actions by the European Union to drastically reduce the use of toxic 
molecules, and concomitantly the progressively rising prices of those useful toxicants, which are 
still on the market. 
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As a conclusion, I wish to stress that the control of invasive species and the control of indigenous 
pests and diseases are inescapably upstream factors in achieving good food security, food safety 
and food quality in Martinique and Guadeloupe. Since the latter islands are located in a tropical 
zone, their crop production enterprises are affected by plant pests and diseases to a much greater 
extent than crop production enterprises in temperate zones. 

Again, I would like to thank the CFCS for its kind invitation, and you, the audience, for your 
thoughtful attention. 
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ECONOMIC ISSUES 

Ecosystems constantly respond to a multitude of disturbances including the introduction of 
invasive species. Traditional thought is that an ecosystem always evolves to its pre-invasion 
state when the pest is removed. This idea has not proven to be the case in practice. Because of 
irreversible hysteresis effects, ecosystems may evolve toward multiple steady states, some of 
which are less desirable than the pre-invasion state. 

The combination of ecology and economics can shed light on ecosystem response to invasive 
species, and on which post-invasion steady state is most desirable, given social tastes and 
preferences. For example, how much public money should be spent fighting ecosystem 
dynamics in the attempt to restore a pre-invasion status quo that may no longer be sustainable? 
Should ecologically-outmoded economic activities be allowed to fail? 

Economic activities are allowed to fail when they no longer compete in the marketplace. Should 
they be allowed to fail when they no longer compete in the ecosystem? 

What social programs can be developed to protect rural areas when status quo economic 
activities are no longer ecologically sustainable? 
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SESSION 2: TOWARDS COORDINATED REGIONAL SAFEGUARDING 

CARIBBEAN PLANT HEALTH DIRECTORS FORUM - RATIONALE AND 
ACTIVITIES 
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ABSTRACT. With the signing of the WTO/SPS and the IPPC agreements, there has been 
liberalization in the trade of plant products and an obligation on all countries to provide sound 
scientific data to support the application of any plant health measures. Caribbean states face 
immense challenges in fulfilling this obligation because of a lack of finances, personnel, 
technical competence, infrastructure and baseline data. Further, the insular Caribbean is one of 
the few regions of the globe that does not have a functioning regional organization to protect 
against alien plant pests, including invasive species. 

To address these problems, the first meeting of Caribbean Plant Health Directors (CPHD) 
was convened at the Caribbean Community (CARICOM) Secretariat Headquarters, Georgetown, 
Guyana, on 23-25 April 2008, in collaboration with the CARICOM Secretariat, the Inter-
American Institute for Cooperation on Agriculture (IICA), the United States Department of 
Agriculture (USDA)/Animal and Plant Health Inspection Service (APHIS), the Food and 
Agriculture Organization of the United Nations (FAO) and the French Agricultural Research 
Centre for International Development (CIRAD). Seventeen Caribbean states were represented at 
this meeting together with CABI. A second meeting of the CPHD was held on 4-5 March 2009. 

These meetings provide the opportunity to share plant health information, discuss mutual 
assistance opportunities among member states and participating organizations, and to formulate a 
regional approach against alien pests. The meetings eventually expanded to form part of a CPHD 
Forum, which also included (i) the formation of Working Groups on issues of regional 
importance and (ii) the formation of D-groups via the Internet for real-time communication 
among members. Participating organizations have offered to help sustain the Working Groups 
and to provide technical assistance. 

Current activities of the CPHD Forum include the development of pest lists for member 
states and the region, assistance with the development of National Agricultural Health and Food 
Safety Agencies in member states, and the development of harmonized plant health legislation. 

KEY WORDS: CPHD, Technical Working Group, D-group 

INTRODUCTION 

The Caribbean Plant Health Directors (CPHD) Forum has its genesis in a joint initiative between 
the Caribbean Community (CARICOM) and the United States Department of 
Agriculture/Animal and Plant Health Inspection Service (USDA/APHIS) to strengthen the plant 
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health and infrastructure systems in the region. This initiative held immediate benefits to both 
parties, as the USA needs to protect its own borders from Invasive Alien Species (IAS) whereas 
most Caribbean territories need financial and technical assistance to develop effective plant 
health management systems. 

The scope of the initiative included, but was not limited to, the following activities: 
> Policy formulation 
> Legislative framework establishment 
> Improvement of facilities for diagnostics and testing 
> Infrastructure development 
> Institutional strengthening 
> Capacity building 
> Arriving at consensus on international issues 
> Arriving at consensus before representation at international fora 
> Addressing emerging issues. 

Encouraged by the interest of other non-governmental organizations, including the Food and 
Agriculture Organization of the United Nations (FAO), Inter-American Institute for Cooperation 
in Agriculture (IICA), and the Centre of International Research and Development (CIRAD), the 
initiative blossomed into a forum for discussion of plant health issues. This Forum included 
CARICOM member and associate states (MS), the USDA/APHIS and regional/international 
institutions and organizations. Member and Associate states are all encouraged to appoint the 
respective heads of their plant health services to the Forum, hence the name 'Caribbean Plant 
Health Directors Forum'. 

RATIONALE FOR THE CPHD FORUM 

The formation of the CPHD Forum was timely in that it filled the gap for a regional organization 
for plant health. The Caribbean is one of the few regions in the world without a representative 
plant health organization. There has existed a Caribbean Plant Protection Commission (CPPC) 
since 1967 but this body is presently in a state of transition and has not met for over three years. 
As a result, the region has been without the benefits that such a body provides, including: 

> A common voice at international fora, especially the annual Commission on 
Phytosanitary Measures (CPM) sessions and the WTO/SPS regular meetings. The 
insular Caribbean, comprising mainly small island land masses, is faced with special 
situations that need to be considered when international agreements are being made, 
including (a) a large number of vulnerable species, (b) a high number of endemic 
species, (c) vulnerable habitat, and (d) sensitivity to climate change/sea level rise. The 
territories in the region are also generally heavily dependent on agricultural trade and 
are subject to the uncertainties of private phytosanitary standards. The food import 
bill in most territories also takes a higher percentage of government spending than in 
other parts of the world. 

> An avenue to formulate positions on agricultural trade so that CARICOM's regional 
Council for Trade and Economic Development (COTED) can be properly advised. 

> Protection of the region from invasive species. 
> Planning for capacity building in pest diagnosis and management. 
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> Increasing the capability of member states in providing scientifically sound and up-
to-date supporting data for all trade decisions -an obligation found in all international 
treaties on plant protection and quarantine. 

It is envisioned that the CPHD Forum would eventually play a leading role in executing the 
above functions. At present, there is still need for an avenue specifically mandated to seek the 
interest of the Caribbean in the development of international phytosanitary standards and 
measures. 

MODUS OPERANDI FOR THE CPHD FORUM 

The CPHD Forum has been operating through three main channels, namely (a) annual meetings, 
(b) Technical Working Groups and (c) electronic communication through D-groups 
(Development through Dialogue). 

Two annual meetings have been held to date, both at the CARICOM Secretariat Headquarters in 
Georgetown, Guyana. At the first meeting (23-25 April 2008), the following member and 
associate states were present: Anguilla, Antigua and Barbuda, The Bahamas, Barbados, Belize, 
Cayman Islands, Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, St. Kitts and Nevis, 
St. Lucia, St. Vincent and The Grenadines, Suriname and Trinidad and Tobago. Institutions and 
organizations present included CABI Caribbean and Latin America, The Caribbean Agricultural 
Research and Development Institute (CARDI), CARICOM Secretariat (CCS), CIRAD, F AO, 
IICA, and USD A/APHIS. Voting rights are restricted to member and Associate states. 

The agenda of the first meeting included (a) consensus on the need for the CPHD Forum, (b) 
agreement on the modus operandi of the Forum, (c) the exploration of synergies between 
member states and various institutions/organizations, (d) the identification of constraints to 
phytosanitary activities in the region and (e) the development of a work programme. Working 
groups and D-groups on specific topics were also formed. 

During the second meeting (4-5 March 2009), Technical Working Groups reported on their 
progress while Member States and institutions/organizations gave updates on their activities. 
Three more Member States were present in the second meeting -Aruba, Dominican Republic and 
the Turks and Caicos Islands. The University of the West Indies (UWI) was also present for the 
first time. 

Technical Working Groups were formed to tackle specific problems that were deemed urgent 
and important to the Region. The mandate of the groups is to investigate in detail the assigned 
problems and to develop short- and long-term plans for alleviation. The six Technical Working 
Groups formed so far are for the Giant African Snail, the Red Palm Mite, Palm Pest Complex, 
Tephritid Fruit Flies, Surveillance and Detection, and Emergency Response. With the exception 
of the Surveillance and Detection and Emergency Response groups, the others have met and 
have begun compiling data on pest and host species, distribution and management. 

With the exception of the Surveillance and Detection and the Emergency Response groups 
(which are still to arrange their first meetings) D-groups were formed for each of the other 
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Working Groups to facilitate dialogue between members outside of meetings. A D-group was 
also formed for all Plant Health Directors. 

ACHIEVEMENTS TO DATE 

Arising from the meetings held so far, constraints to plant health matters, nationally and in the 
region, have been identified. The main constraints are lack of dialogue among Member States, 
lack of personnel, infrastructure, equipment and training. There is also little or no local pest data 
in many territories, and plant quarantine legislation is, for the most part, outdated. 

Synergies have been developed between member states and the various organizations/institutions 
involved with the Forum. The USD A/APHIS has been holding individual meetings with Member 
States to inform all of its plans and to align its work programme with the needs of the states. The 
CCS has undertaken an assessment of laboratories throughout the region, with funding from the 
EU, while CIRAD has been hired as consultants. The CARICOM Secretariat (CCS) is also 
pursuing technical cooperation between CARICOM and the government of Chile and the OAS. 
The USDA is in the process of donating software and hardware for digital photography of pests, 
leading to the rapid identification and diagnosis of problems through the posting of these digital 
images to a secure network of scientists in the Region. 

Agreement has been reached on information sharing especially with regard to pest lists, Pest 
Risk Analyses and Enquiry Point development. Member and Associate States have committed to 
the development of their pest lists, both regulated pests and pests present in their respective 
territories, as a matter of priority. 

With the need for countries in the region to set up their National Agricultural Health and Food 
Safety Agencies (NAHFSAs), Belize has issued an invitation to Member/Associate States to tour 
its Plant Health Agency, the most advanced agency of its kind in the insular Caribbean in terms 
of development and functionality, and to train members in its operation. 

The CARICOM Secretariat (CCS) has undertaken to lead in the harmonization of plant health 
legislation in the region. 

THE WAY FORWARD 

The goal of the CPHD Forum is the development of strong plant health systems, both in 
individual territories and in the region as a whole. For this to occur, ideally, each and every 
territory in the Region should be included as pests are no respectors of political boundaries. One 
of the goals of the Forum is the inclusion of all territories in the Forum. 

Another important aspect of a strong plant health system is knowledge of the pests present in the 
region as well as those not present and which pose a threat to the region. Hence, plans for the 
future include the development of databases on the status of pests in the region. This is a matter 
of highest priority. The formation of Working Groups is a method designed to expedite database 
development. 
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The development of infrastructure, training of personnel and the acquisition of equipment must 
all go hand in hand for improvement of the capabilities and capacity of the region in 
phytosanitary matters. This is expected to be achieved with the help of synergies developed 
between member/associate states and the regional and international organizations involved with 
the CPHD Forum. 

Legislation in member states dealing with plant health and quarantine must be updated to include 
all the requirements and obligations arising from the signing of international treaties. The 
updating of plant health legislation is therefore another one of the goals of the CPHD Forum. 

The Forum to date has been supported financially mainly through USDA/APHIS funding. Other 
organizations including FAO, IICA, CCS, and CARDI have also supported the Forum. Member 
states have been supporting the Forum by sending delegates to meetings and allowing delegates 
the time and resources to pursue the work of the Forum. It is hoped that, as the importance of this 
Forum is realized, Member States would get more involved, both financially and by supporting 
the work/recommendations of the Forum. 

ACKNOWLEDGEMENTS 

The following are acknowledged for their support in producing and presenting this manuscript: 
USD A/APHIS, CCS, CT A (Technical Centre for Agriculture and Rural Cooperation ACP-EU), 
T-STAR (Tropical and Sub-Tropical Agricultural Research Programme of the USDA), 
University of Florida, CARDI, Caribbean Food Crop Society (CFCS), and the Ministry of 
Agriculture, Land and Marine Resources, Trinidad and Tobago. 

53 



Proceedings of the Caribbean Food Crops Society. 45(1): 54-22. 2009 

THE CARIBBEAN REGIONAL DIAGNOSTIC NETWORK: STATUS AND 
PROSPECTS FOR EXPANSION TOWARDS COORDINATED REGIONAL 
SAFEGUARDING 

Ing. Modesto Reyes Valentin, PhD1, Ing. Caridad Nolasco Alvarez, M.Sc.2 and Ing. Leandro 
Mercedes3 

1 Centro de Tecnologia Agricola, IDIAF (Instituto Dominicano de Investigaciones 
Agropecuarias y Fore stales), C/Progreso No. 1, La Duquesa, Apartado Postal No. 380-9. Santo 
Domingo, Repûblica Dominicana. Phone: 809 564 4401/02; Cell: 809 856-0646; FAX: 809 564 
4400. Email: mreyes(a),idiaf.org. do 
2 Secretaria de Estado de Agricultura, Subsecretaria de Extension y Capacitaciôn Agropecuaria, 
Departamento de Sanidad Vegetal, Division de la Laboratorios, Punta Caucedo Aeropuerto 
Internacional de las Américas, Santo Domingo, Dominican Republic AILA/JFPG R. D. Phone: 
(809)-847-3888 ext. 4101; (809)-849-0901. Email: cariüaünolasco 19 a yahoo.com 
3 Subsecretario de Estado de Extension y Capacitaciôn Agropecuaria, Aut. Duarte Km 6, Los 
Jardines del Norte, Santo Domingo, Repûblica Dominicana. Ph 809-547-1492 cell: 809-301-
2620. Email: lemer33(a),hotmail, com 

ABSTRACT. The explosive growth of tourism and international trade of agricultural products in 
recent decades has resulted in a great increase in the arrival in the Caribbean of harmful exotic 
plant pests and pathogens. Under the rules of the World Trade Organization, infested agricultural 
products cannot be rejected unless the receiving country can show that the pests or pathogens in 
the imported cargo do not already occur in the country. Under the Sanitary and Phytosanitary 
Agreement, countries are required to list the pests and pathogens within their borders and to 
provide this information to their trading partners. Thus each country is under pressure to know 
the pests in our countries and to quickly identify newly arrived pests and pathogens. However, it 
is permissable to exclude new pests and pathogens. Therefore, when a new pest or pathogen first 
arrives, it is very important to quickly detect and identify it and to take measures to prevent its 
establishment, to eradicate an incipient infestation, or failing to achieve eradication to mitigate 
the damage by the unwanted organism. Clearly we face daunting challenges to fulfill the 
technical requirements of international agreements with the WTO, US-DR-CAFTA; DR-
CARICOM and others. Therefore we must greatly enhance the development of the technical 
capacity to diagnose and identify pests and diseases promptly. The Dominican Republic has 
assembled the needed equipment, laboratories and trained technical personnel in order to build a 
Nation - Wide Diagnostic Network (SNDPE). Moreover, the Republic has set out to help form 
the international Caribbean Regional Diagnostic Network (CRDN) to connect with the United 
States, Puerto Rico, Haiti and eventually with other countries in the Caribbean. We believe that 
this collaborative effort to construct the CRDN will result in (1) a standardized and reliable 
diagnostics system, (2) prevention of the introduction of some new invasive species, (3) prompt 
identification of pests and diseases through the network, and (4) enhanced domestic and 
international cooperation, collaboration and communication. Some essential activities involved 
in constructing the CRDN include: (1) training sessions of local specialists to diagnose pests and 
diseases through the network, (2) acquisition of laboratory equipment and software, (3) image 
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taking training sessions for local specialists, and (4) the development of standardized protocols. 
In the Dominican Republic our highest priority at this time is the formation and development of a 
National Diagnostic Operations Committee. The Operations Committee is working to establish 
rules and protocols to govern the work of all technicians and specialists that are part of the 
network. 

KEY WORDS: collective security, operations committee, secure two-way communications, 
region-wide network of institutions and government regulatory agencies, operating protocol 

THE PROBLEM 

Since the voyages of Christopher Columbus, pests and diseases of crops and livestock have made 
their way into the Western Hemisphere. However, the rate of establishment of unwanted exotic 
species was fairly low prior to about 1950. Thereafter the airline industry began to strongly 
promote the Caribbean as a destination for tourists. Cruise ship voyages began on a tiny scale in 
the late 19th century but gained popularity at an increased rate from the 1980s onwards. 
Descendants of indentured servants brought to the Caribbean following abolishment of slavery in 
the 1830s have maintained their family ties in China, India, and Indonesia through family visits 
and commerce. Numerous invasive species from south Asia have entered the Caribbean in recent 
decades. 

The Caribbean has long been involved in agricultural trade and especially since the time of 
Columbus. For five centuries agricultural trade involving the Caribbean was largely restricted to 
Europe and the Americas. World trade in agricultural products was greatly expanded by the 
Uruguay Round of the General Agreement on Tariffs and Trade (GATT), which created the 
World Trade Organization in 1995. The WTO provides a framework for negotiating trade 
agreements, and a dispute resolution process aimed at enforcing adherence to WTO agreements 
such as the Agreement on the Application of Sanitary and Phytosanitary Measures (SPS 
Agreement). Under the SPS Agreement the WTO may override a country's use of the 
precautionary principle - a principle which allows a country to act on the side of caution if there 
is no scientific certainty about potential threats. Under SPS rules, the burden of proof is on 
countries to demonstrate scientifically that something -such as a plant pest or pathogen- is 
dangerous before it can be regulated. Thus in order to engage in trade each country needs to have 
available an inventory of plant pests and pathogens in order to be able to judge whether imported 
products pose a risk. 

Thus we must cope with a new scenario: increased tourism and trade have unleashed an influx 
into the Caribbean of invasive species from around the Globe. In the past three decades, more 
than 150 exotic arthropods, pathogens and invasive plant species have arrived in the Dominican 
Republic. These unwanted organisms have been documented by IDIAF in the T-STAR 
Symposia Proceedings and elsewhere as listed below. These unwanted invasive alien species 
create great difficulties for the Dominican Republic in fulfilling its obligations under the SPS 
Agreement, the US-DR-CAFTA, and CARICOM-DR Free Trade Agreement. 

Examples of exotic pests and pathogens that have become established in the Dominican Republic 
include Tibraca limbativentris Stâl, the rice stalk stink bug; Diaphorina citri Kuwayama, the 
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Asian citais psyllid and a vector of Liberobacter sp. which causes citrus greening disease; 
Phyllocnistis citrella Stainton, the citrus leafminer; Thrips palmi Karny, the melon thrips, which 
is a major pest of cucurbits, egg plant, beans, etc.; Bemisia argentifolii Bellows & Perring, the 
sweetpotato whitefly whose toxic saliva causes unequal ripening of fruit and silvering of squash 
leaves, and which vectors the tomato yellow leaf curl virus and other geminiviruses; 
Mycosphaerella fijiensis Morelet, the fungus which causes Sigatoka Negra (Black Sigatoka); 
Maconellicoccus hirsutus, the pink hibiscus mealybug; and Hypothenemus hampei Ferrari the 
coffee berry borer, which is the most damaging pest of coffee. 

Our difficult experiences in coping with these terrible pests have taught us that the sudden 
unexpected introduction of a new invasive species has the following consequences: 

1. It has a negative effect on commerce as a result of the disruption of local production. 
2. It creates the incapability of penetrating, developing or maintaining new markets. 
3. It undermines food security and the food supply at the local level. 
4. A new pest or pathogen not only damages production, but it can result in loss of access to 

export markets. Examples of pests which can cause the above consequences include the 
oriental fruit fly, Bactrocera dor salis (Hendel, 1912), which infests a very wide variety of 
fruits and vegetables; Diaphorina citri and Liberobacter sp., which destroy citrus 
production and prevent exports of citrus to other citrus producing countries; Scirtothrips 
citri, which harms production and prevents the sale of citrus propagating material 

Therefore, when a new pest or pathogen first arrives, it is very important to quickly detect and 
identify it and to take measures to prevent its establishment, to eradicate an incipient infestation, 
or failing to achieve eradication, to mitigate the damage from the unwanted organism. 

THE NEW SCENARIO 

Under the Sanitary and Phytosanitary Agreement, countries are required to list the pests and 
pathogens within their borders and to provide this information to their trading partners. Thus we 
are under pressure to know the pests in our countries and to quickly identify newly arrived pests 
and pathogens. 

Clearly we face daunting challenges to fulfill the technical requirements of international 
agreements with the WTO, US-DR-CAFTA; DR-CARICOM and others. Therefore, we must 
greatly enhance the development of the technical capacity to diagnose and identify pests and 
diseases promptly. This is imperative if we are to facilitate trade of agricultural products with 
less risk and to maintain transparency and trust in all aspects of the export of produce. 

Accordingly in the Dominican Republic it was necessary to assemble equipment, laboratories, 
and to train technical personnel in order to build a Nation - Wide Diagnostic Network (SNDPE). 
Moreover, we have set out to help form the international Caribbean Regional Diagnostic 
Network (CRDN) to connect with the United States, Puerto Rico, Haiti and eventually with other 
countries in the Caribbean. 

The Caribbean Regional Diagnostic Network (CRDN), as described by CISWG in the CIS SIP 
document is a "secure, two-way, up-to-date web-based record-keeping and communications 
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system for use by first responders, diagnosticians, taxonomists, etc. It entails the linkage of a 
region-wide network of institutions and government regulatory agencies into a cohesive, 
distributed system to quickly detect high consequence invasive alien species that have been 
introduced into the Caribbean's agricultural and natural ecosystems and food system, and report 
them to appropriate responders and decision makers. As the computer network is developed, the 
information on invasive aliens species from all of the network's laboratories, clinics and 
specialists will be shared as appropriate throughout the wider Caribbean Region." 

Clearly all countries in the Region must recognize that once an exotic pest or pathogen is present 
somewhere in the Caribbean it soon spreads between neighboring land masses. Therefore a 
collective security approach to mitigating invasive species is vitally important not only for the 
CARICOM countries as they move toward a CARICOM Single Market and Economy, but also 
for all of the non-CARICOM countries in the Greater Caribbean Region. 

Let us recall that in 2006 CISWG proposed the Caribbean Regional Invasive Species 
Intervention Strategy (CRISIS). To implement this strategy, in part, CISWG proposed the 
Caribbean Invasive Species Surveillance and Information Programme (CISSIP). 

CISSIP is envisioned as an-internet based system of early detection and rapid response. CISSIP 
would be the foundation of a collective security approach for the entire Greater Caribbean 
Region. The main components of CISSIP are 
(1) a Pest Survey and Inspection Programme, 
(2) a Caribbean Regional Diagnostic Network (CRDN) 
(3) an Invasive Species Information System, and 
(4) a Public Education Program. 

EXPECTED RESULTS FROM CONSTRUCTION OF THE CRDN 

We believe that the collaborative effort to construct the CRDN will result in 
1. A standardized and reliable diagnostics system 
2. Prevention of the introduction of some new invasive species 
3. Prompt identification of pests and diseases through the network 
4. Enhanced domestic and international cooperation, collaboration and communication. 

Some essential activities involved in constructing the CRDN include: 
1. Training sessions of local specialists to diagnose pests and diseases through the network 
2. Acquisition of laboratory equipment and software 
3. Image taking training sessions for local specialists 
4. Development of standardized protocols. 

In the Dominican Republic our highest priority at this time is the formation and development of a 
National Diagnostic Operations Committee. The members of this Committee are Ing. Modesto 
Reyes, PhD; Ing. Leandro Mercedes, MSc.; and Ing. Caridad Nolasco, MSc. This Committee is 
focusing on the development of a framework for collaborative work between the national 
agencies, i.e., The Secretariat of State for Agriculture (SEA), Instituto Dominicano de 
Investigaciones Agropecuarias y Forestales (IDLAF), Consejo Nacional de Investigaciones 
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Agropecuarias y Forestales (CONIAF), Santo Domingo Autonomous University (UASD), 
Centro para el Desarrollo Agropecuario y Forestal (CEDAF) and Universidad Instituto Superior 
de Agricultura (UISA). 

Thus the Committee is working to establish rules and protocols to govern the work of all 
technicians and specialists that are part of the network. 

In addition we have the following priorities: 
1. To develop a secure two-way, web-based record keeping and communications system for 

use by first responders, diagnosticians/taxonomists and regulatory officials 
2. To build a cohesive distributed detection/diagnostic system in each Caribbean state to 

rapidly detect and diagnose/identify high consequence invasive species 
3. To link together the detection/diagnostic systems in all Caribbean states to form the 

CRDN for the Greater Caribbean Region 
4. Provide leadership and appropriate training for first detectors, diagnosticians and 

identifiers 
5. Increase the effectiveness of the Laboratory Network shown in Figure 1. 

ENGOMBE UASD 
LABORATORIO 

CENTRAL 

mSBi 
EIGHT (8) 

* M J U 1 M M — B M — I 

Figure 1. Network of plant diagnostic laboratories in the Dominican Republic. 

The overall goal of this network of diagnostic laboratories is to rapidly detect and correctly 
diagnose new invasive species (See Figure 2). 
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TERMS OF REFERENCE OF ALL PERSONNEL IN THE DIAGNOSTIC NETWORK 

The Terms of Reference of all personnel involved in surveillance and diagnostics/identification 
are as follows: 
(1) Agree completely on the appropriate roles and the responsibilities of each of the involved 
institutions. 
(2) Deeply respect the unique and exclusive responsibilities and prerogatives of the regulatory 
authority (Sanidad Vegetal) to make the announcement of every new pathogen or pest that has 
been found in our country and to explain what its significance may be. 
(3) Adhere to an operations protocol in accordance with a set of roles and responsibilities of each 
participating institution. 

Figure 2. Schematic diagram showing the flow of information through the various components of 
the plant diagnostic network. 

THE CURRENT STATUS OF CONSTRUCTION OF THE CRDN 

Diagnostic laboratories considered as part of the emerging CRDN have been equipped in the 
Dominican Republic, Haiti, Florida and Puerto Rico. USDA-APHIS has procured five sets of 
microscopes, computers and software needed to add five diagnostic laboratories to the network. 
Each of five additional countries will receive one of these sets of equipment. The diagnostic 
laboratories in Martinique and Guadeloupe have internet access, and they may join the CRDN. 

Pest Diagnostic Network 
Eradication, containment < 
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A CRDN server is being operated provisionally at the University of Florida. 

A Pest Diagnostics and DDIS training workshop were conducted in 2007 in the Dominican 
Republic, and in 2008 both in the Dominican Republic and in Haiti. USDA T-STAR funds are 
available to hold two training workshops at the University of Florida for new members of the 
CRDN. 

The first meeting of the CRDN Operations Committee was held on Monday, at 4 pm July 13, 
2009 here in the St. Kitts Marriott & Royal Beach Casino, Frigate Bay, St. Kitts and Nevis. This 
meeting was open to current member countries or states and to others by invitation only. 
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INTRODUCTION 

The CARICOM Chief Veterinary Officers Group has an established regularly scheduled meeting 
of the heads of National Veterinary Services of Member States. The recommendations coming 
out of this meeting are used by the CARICOM council of ministers to guide regional and 
national policy with respect to animal health and veterinary public health. The actual recognised 
meeting is that of the CARICOM Chief Veterinary Officers, Chief Veterinary Public Health 
Officers and Chief Environmental Health Officers. The Chief Veterinary Officers themselves 
meet both as the wider group and also solely as just the CVOs. 

BACKGROUND: THE CARIBBEAN COMMUNITY (CARICOM) 

The Caribbean Community (CARICOM) is made up of 15 Member States and five Associate 
Member States. There is the Conference of Heads of Governments made up of the Prime 
Ministers and Presidents of the member countries, and then the Council for Trade and Economic 
Development, or COTED, which is made up of Ministers of Trade and/or Agriculture. 

According to the treaty which establishes CARICOM and the Caribbean Single Market and 
Economy (CSME), the Revised Treaty of Chaguaramas, under Article 26(1), a system of 
consultations at national and regional level must be established in order to enhance the decision 
making process of the Community. 

• Some of the relevant articles under the Revised Treaty that are of importance to agriculture and 
trade, within the context of the Chief Veterinary Officers meeting, are those dealing with 
Agricultural Policy, Environmental Protection, Standards & Technical Regulations and Legal 
Infrastructure: 

• Article 56: Agricultural Policy 
• Article 57: Agricultural Policy Implementation 
• Article 65: Environmental Protection 
• Article 67: Standards and Technical Regulations 
• Article 74: Legal infrastructure. 
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BACKGROUND: CARICOM CHIEF VETERINARY OFFICERS GROUP 

From about 1986, the Pan American Health Organisation (PAHO) began a series of Veterinary 
Public Health Seminars for Chief Veterinary Officers (CVO) that were organized to coincide 
with the biennial conference of the Caribbean Veterinary Medical Association. 

PAHO used the opportunity provided by this conference to host these seminars in order to 
facilitate the involvement of CVOs at the veterinary conference. The actual public health 
seminars started initially as half-day seminars, and progressed to one-day seminars that dealt 
primarily with topics such as the prevalence of diseases, such as Leptospirosis, and the 
preparation of animal disease emergency preparedness plans. 

For various reasons, from about 1994 there was a break in the frequency of holding the meetings, 
with the CVOs meeting on an ad hoc basis at various sponsored workshops. 

Then in 2001, with funding from USAID, and in response to several global disease threats (BSE, 
FMD), the meeting of the group was again convened, this time including Chief Veterinary Public 
Health Officers and Chief Environmental Health Officers, thus forming a joint CVO 
/CVPHO/CEHO Forum. 

The aim here was to expand the efforts for an integrated action to address animal health and 
public health issues of importance to the Region, to achieve a greater impact at the national and 
regional level. 

The goals included: 
Strengthening the animal health and food safety systems and infrastructure of Member States 
Developing policy on how to mange the threat of diseases of animal health and public health 
importance to the region, such as Bovine Spongiform Encephalopathy and Foot and Mouth 
Disease 
To develop a regionally harmonised policy for managing and limiting the risk from these 
diseases, as they presented a significant threat, given the region's existing trading patterns, 
notably through tourism 
To review the technical and administrative conditions governing trade in animals and animal 
products between the Caribbean Community and Third World Countries with a view toward 
harmonisation 
To address emerging disease issues 
Facilitating regional coordination with respect to international positions (OIE, Codex, 
WTO/SPS) 
Providing advice on Institutional strengthening. It was at this time that the proposal was made 
for the establishment of a Caribbean Agricultural Health and Food Safety Agency (CAHFSA). 

The proposal for the establishment of a regularly scheduled structured meeting of the group was 
presented to the Seventeenth Meeting of the Council for Trade and Economic Development 
(COTED) in Trinidad & Tobago in June 2004, and the COTED commended the work of the 
group and endorsed this recommendation. 
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The concept was that the CVOs CVPHOs and CEHOs would be the recognised competent 
authority which should guide the formulation of regional policy with respect to animal, 
veterinary public health, and to food safety issues. Every year the recommendations of the 
meetings are taken to COTED for their consideration. In general these recommendations are 
endorsed and so accepted by the Community as policy or as recommended actions which should 
be taken at the national level. 

The Meetings of the CVOs now make recommendations to the COTED regarding all areas of 
animal health and veterinary public health, legislation, policy, capacity building, institutional 
strengthening and trade facilitation. 

Increasingly the role of the CVOs, CVPHOs and CEHOs is being directed at the regional level to 
develop mechanisms, plans and measures which can facilitate trade within the CSME. Regional 
trade should then be guided by relevant protocols, standards and measures. 

From its inception, the Pan American Health Organisation has provided strong support, both 
financial and technical, to the meeting. As the group matured, strategic partnerships were forged 
with the major relevant regional and international agencies, which are now permanent observers 
at the meetings. Linkages were also made with private sector organisations, such as the 
Caribbean Poultry Association. 

With the recognition of the CaribVET network as the regional organ for animal disease 
surveillance, the tremendous support of CIRAD has allowed for the CaribVET and CARICOM 
CVO meetings to be held consecutively, further strengthening the relationship between the two 
while affording considerable savings in the logistics of holding the meetings. 

There are now several issues that Chief Veterinary Officers are expected to advise on: 
Recommendations on updating and implementing comprehensive legislative, regulatory and 
enforcement policies for animal health in order to meet the requirements of the WTO and other 
trade regimes as well as to promote the national economies; 
Advise on a harmonised approach to recognition of veterinary qualifications and the registration 
and movement of veterinary professionals within the CSME; 
Recommend on the training of laboratory staff in current analytical methods and quality control 
programmes to ensure the highest level of expertise and quality in testing services and in 
upgrading the capacity of laboratories to: 

ο meet requirements of trade and public health initiatives; 
ο provide an infrastructure that can deliver the desired level of testing services; 
ο meet the requirements for international accreditation; 
ο Develop and strengthen the relationship between national and regional laboratory 

facilities to ensure efficient access for testing for animal diseases, food-borne pathogens, 
biotoxins and residues; 

Commission the conduct of risk analyses with a view to facilitating intra and extra regional trade 
in animals and animal products; 
Review and adopt the recommendations of the CaribVET Steering Committee; 
Further develop the concept of the establishment and operations of the CAHFSA; 
Using the CaribVET Network of Animal Health mechanism, the CVOs recommend on: 
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the conduct of surveys of significant animal diseases, such as HP AI, bovine TB and brucellosis 
in order to understand the prevalence of important diseases that affect trade and animal and 
public health; and 
Developing effective intervention strategies. 
Establishing databases for census of farm animals and their disease status to allow for the 
efficient determination of numbers and location of farm animal species, animal health status, 
traceability, and WTO trade implications; 
Developing an animal disease emergency preparedness plan aimed at allowing the countries to 
reach a level of preparedness for effective response and recovery; 
The CVO meeting is expected to further develop the concept of the establishment and operations 
of the Caribbean Agricultural Health and Food Safety Agency (CAHFSA). CAHFSA is 
expected to play a monitoring and evaluation role of the national agricultural health and food 
safety programmes in each member state with a view to: 
Facilitating safe agricultural trade; 
Strengthening food safety systems; 
Promoting development and use of international and regional SPS standards and in particular 
Member States' obligations under the WTO/SPS Agreement; 
Strengthening intergovernmental and inter agency cooperation; 
Strengthening animal quarantine capacity by providing national veterinary services with the 
mandates to inspect and certify animals and animal products, both for import and export and 
upgrading or establishing animal quarantine stations and animal product import and export 
inspection capacity to provide an environment whereby imported and exported animals and 
foods of animal origin can be properly inspected and certified. 
Other activities of the CAHFSA would be: 
To train relevant personnel in animal and food-borne disease risk assessments so as to ensure 
that the animal health and veterinary public health systems have the capacity to assess the most 
important risks to animal and human health, and have the means to prioritize resources and 
programmes; 
Where required, to develop cost recovery programmes through legislative authority to permit 
agencies to sustain a high level of service, and 
To promote accreditation of veterinary laboratories to facilitate trade through the international 
recognition of test results. 

In short, the outputs of the CVO meetings are expected to achieve the goals of the Caribbean 
Community as set out in the relevant articles of the Revised Treaty: 
Article 57 "...the Community shall through competent Community Organs and Bodies promote 
and support the establishment of an effective regime for SPS measures." 
Article 74 (2) "... Member States shall harmonise their laws and administrative practices in 
respect of, inter alia, Sanitary and Phytosanitary Measures." 
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ABSTRACT. Plant pests and pathogens have the potential to emerge and spread rapidly, cause 
severe losses, and threaten food security worldwide. Such a threat is increased by the rise of 
commercial exchanges of germplasm and fresh produce and by global warming. This threat is 
particularly high under island or archipelago habitat conditions. Hence the need to anticipate 
sanitary crises by developing appropriate surveillance and response systems for the control of 
pests and pathogens, especially those affecting crops important to food security and economic 
balance. Such systems are being developed in the Caribbean, and in particular in the French 
West Indies, through the PANDOeR (PAthologies Nouvelles: Détection, Observations, 
eRadication / New pathologies: diagnoses, observations and eradication) Project. An overview of 
this project is provided. Components of pest and pathogen control strategies, such as surveillance 
networks, data exchanges and joint response strategies, are discussed. 

KEY WORDS: Invasive species; crops; vigilance; surveillance; control; eradication, PANDOeR 

INTRODUCTION 

Insular habitats are particularly vulnerable to pests and pathogens, especially emerging ones 
(Crump et al., 2001) because island biotopes and socio-economic conditions deeply influence 
pest and pathogen dynamics, adaptive evolution and epidemic expansion (Mayer, 2000). This 
particularly applies to fragmented habitats separated by short distances, like the Caribbean 
islands. Indeed, the Caribbean region is a crossover for humans and food commodities, with 
short distances between countries favouring rapid exchanges of not only agricultural goods, but 
also that of pests and pathogens. Several factors contribute to this situation, of which one of the 
most important remains the difficulty to control island-to-island movements. This results in 
illegal importation of plants and plant products. Once introduced, pests and pathogens are 
difficult to control and almost impossible to eradicate because their populations grow fast and 
because established insect vector species (e.g., aphids) promote the rapid spread of introduced 
vector-borne diseases. 

Therefore, preventing the entry of harmful pests and diseases must remain a constant 
priority. To this aim, vigilance networks and eradication programmes are instrumental. They 
must rely on national, regional and international epidemiological surveillance networks and data 
exchange systems, and lead to the implementation of strategies for preparedness to combat 
emerging or re-emerging diseases through collaborative surveillance networks and regionally 
harmonized disease control policies. Such programmes exist for the control of several human 
diseases such as AHiNi and H5NI influenza, or that of animal diseases such as bluetongue. In the 
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Caribbean region, a similar network has been successfully developed for animal health, i.e., the 
Caribbean Animal Health Network (CaribVET), which involves Caribbean veterinary services, 
research institutions, universities, regional and international organisations focused on animal 
diseases. CaribVET aims at fostering the exchange of information and collaboration among 
people involved in animal health, promoting a regional approach for emergency preparedness 
and disease control, developing and harmonizing regional veterinary diagnostic capacities, and 
strengthening national epidemiological surveillance systems through training and capacity 
building. CaribVET relies on important surveillance activities in member countries. Although 
several initiatives exist in plant health at the regional scale, a similar network still has to be 
established for plant pests and pathogens in the Caribbean. 

1. Important Factors for the Success of a Plant Epidemiological Surveillance Network 

1.1. Organisational factors 
Organisational factors are crucial for the success of a network. In particular, it is essential for 
associate participants from all organisations involved in agriculture and plant protection, such as 
growers, research institutes, ministries and technical organisations. It is also critical to involve 
pathologists with good knowledge of the epidemiology and dispersal process of the targeted 
pests and pathogens. Using pre-existing structures, such as a technical unit in charge of the 
chemical control of diseases, can speed up the network-building process. Yet one should bear in 
mind that the most critical organisational factor is the motivation and committed engagement of 
the partners. This highlights the necessity to involve the partners in the network building process 
itself. Last, but not least, an active and undisputed network manager originating from a neutral 
organisation, such as a ministry or plant protection services, is also an important factor. The level 
and consistency of funding is also very important. In particular, appropriate funding must be 
secured prior to the beginning of activities, since the acquisition of funding for increased needs 
usually proves challenging. 

1.2. Technical factors 
The success of an epidemiological surveillance network relies heavily on diagnostic techniques 
that must be fast, easy to use, robust and cheap. These techniques must also be accessible to the 
services in charge of surveillance. To this aim, technology transfers can be achieved through 
workshops, leading to the exchange of technical information and know-how in regard to strategic 
components such as sampling, and diagnostic or statistical analysis of data. Information and data 
exchanges can also be supported by appropriate data exchange systems such as sections of a 
website with restricted access to network members (see below). In the end, technical data are 
collected in order to support control strategies that must be implemented at the appropriate 
geographical level in order to prevent the spread of pests and pathogens. When implementation 
is to occur at a regional (i.e., sub-national) scale, it is important to set up compatible legal 
procedures for plant health between countries, in particular eradication plans. 

1.3. Communication 
Beside surveillance activities themselves, a successful network has to provide the general public 
with information and decision-makers with accurate data. Therefore, a communication plan is 
essential. Information campaigns targeted towards large audiences including agriculture 
technicians, politicians, decision makers and general public, should be planned, especially when 
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the implementation of control methods and prevention strategies involve the public at large. 
Information can also be delivered online; therefore, a website with unrestricted sections should 
be planned. 

2. Research and Epidemiological Surveillance Activities must Fuel Each Other 

Research and surveillance activities depend deeply on each other. Research activities lead to 
technical improvements that ultimately benefit several domains linked to surveillance, such as 
diagnostics. Conversely, data collected through surveillance networks are useful to scientists, 
especially for understanding pathogens' or vectors' dispersal processes and population dynamics 
and for setting up predictive models that can be used for assisting decision makers in the 
implementation of prevention strategies. Such a "mutual benefit approach" is being developed by 
the Centre de coopération Internationale en Recherche Agronomique pour le Développement 
(CIRAD) and by the Service Régional de la Protection des Végétaux (SRPV) in the French West 
Indies (Figure 1). 

For example, diagnostic techniques developed or optimized at CIRAD (Le Provost et al., 
2006; TeyCheney et al., 2007) have been transferred to the French Plant Protection Services 
(SRPV) and are now used routinely for diagnostic purposes. On the other hand, SRPV has 
established surveillance networks firmly in place whose activities fuel CIRAD's research 
activities on the epidemiology of plant diseases such as Black Sigatoka. 

<G>cal research activities^» ^ C 2 Regional activities2H> 

Figure 1 : Interdependence of research and epidemiological surveillance activities in the French 
West Indies. Research and development conducted by CIRAD provides techniques implemented 
by SRPV and its partners. 
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3. PANDOeR, a Surveillance Network for Plant Pests and Pathogens in the French 
West Indies 

The PANDOeR network (PAthologies Nouvelles : Détection, Observations, eRadication / New 
pathologies: diagnoses, observations and eradication) was established in 2007 by SRPV in 
Martinique (Iotti et al., 2008) in collaboration with CIRAD, the Fédération Régionale de Défense 
contre les Organismes Nuisibles (FREDON), the Laboratoire Départemental d'Analyses (LDA), 
and professionals from the agricultural sector, such as growers. This network serves several 
purposes: 

• Early detection of the introduction of plant quarantine pests or pathogens. This is 
achieved by observations (for symptoms and insects) on sentinel plots and sampling 
(including random insect trapping) on a regular basis from control fields (Figure 2). The 
samples are analysed in disease diagnostic laboratories and the trapped insects are 
identified by experts in the French National Plant Health Laboratory or in the French 
Natural History Museum. 

• Implementation of appropriate eradication or containment measures. 
• Increased collaboration between agriculture, plant protection and research sectors. 
• Training of farmers in symptom recognition. 
• Training of technical staff in diagnostic techniques. 
• Public awareness campaigns targeted on potential damage caused to agriculture and 

environment by quarantine pests and pathogens. 
• Data mining for fighting strategies developed elsewhere, and information updates for 

network members. 

The PANDOeR network currently covers several quarantine pests and pathogens that are present 
in the Caribbean area but still absent from the French West Indies: 

• Black Sigatoka disease, caused by the fungus Mycosphaerella fijiensis (Figures 2A and 
2B), and Moko disease, caused by the bacteria Ralstonia solanacearum race II. Both 
diseases are devastating for banana and plantain. 

• Coconut lethal yellowing disease (Dollet et al., 2009), caused by a species of 
phytoplasma (specialised bacteria that are obligate parasites of phloem), is transmitted by 
an insect vector, Myndus crudus. Both the phytoplasma and this vector are absent from 
the French West Indies. This disease causes the death of coconut palm trees. 

• Fruit flies 
ο Anastrepha sp., Bactrocera sp., Dacus sp., Ceratitis sp. cause important yield 

losses on fruit trees [citrus, mango, guava (Psidium guajava), starfruit (Averrhoa 
carambola), etc.] on several Caribbean islands; only Anastrepha obliqua is 
present in the FWI. 

ο Species Raoiella indica is present in the French West Indies, and biological 
control by natural predators is being investigated (Figure 2D). 
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Figure 2: Location of control fields used for monitoring Black Sigatoka disease in Martinique 
and Guadeloupe and Raoiella indica mites in Martinique. Sentinel fields used for monitoring 
Black Sigatoka disease in Martinique (A) and Guadeloupe (B); control fields used for monitoring 
Raoiella indica in Martinique showing locations where the insect is present or absent (C) and 
where its natural predators have been reported (D). 
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CONCLUSIONS 

Although the Caribbean Region currently lacks a Region-wide epidemiological surveillance 
network for plant pests and pathogens, several initiatives such as CRISIS, CISWG, or the more 
recent Caribbean Plant Health Directors Group and its Technical Working Groups have laid the 
foundation for such a network. In particular, the latter initiative has achieved important goals in 
just a couple of years, such as a priority pest list, which is updated yearly, and the establishment 
of several technical working groups focused on specific pests and pathogens such as red palm 
mite, palm pests, giant African snail, fruit flies and lethal yellowing. Several additional 
Technical Working Groups are being established on additional pests and pathogens such as 
cocoa frosty pod rot, citrus canker and greening. The members of these Technical Working 
Groups are meeting on a regular basis and exchanging data through email discussion groups 
hosted by CARDI. 

On a more local scale, the French Plant Protection Services have developed a network for 
the surveillance of several important pests and pathogens of important crops. This network is 
being extended to additional important pests and pathogens that threaten strategic crops in the 
Caribbean, such as Huanglongbing (citrus greening). It could be extended to other countries 
within the region. 

These initiatives could serve as the backbone of a future Caribbean Plant Health Network, 
whose roles would include the networking of institutions and professionals involved in plant 
protection, the dissemination of information on plant protection to producers, stakeholders and 
researchers, and recommendations to government agencies regarding plant protection and food 
security in the Caribbean. 

However, the key aspects for the successful development and implementation of such a 
Region-wide network are numerous and include: 

(i) appropriate staff, infrastructures and equipment in participating institutions, 
especially local diagnostic laboratories and enhanced transnational 
cooperation and partnerships, 

(ii) updated schemes for staff training in participating institutions, in order to benefit 
from the most recent advances in disease and pest surveillance, and 

(iii) political will of government agencies to implement and enforce disease and pest 
control strategies. 

Currently this issue ranks high on the political agenda because it is compulsory under the 
WTO/SPS Agreement that Caribbean countries meet the required sanitary and phytosanitary 
standards, measures and guidelines for trading agricultural goods. 
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INTRODUCTION 

CaribVET is the name given to a Caribbean Network of Animal Health (Gongora et al., 2008). 
It is a tool to facilitate the surveillance and control of emerging and exotic animal diseases, and 
of other diseases of importance to the region (Molia et al., 2005). 

It is a collaboration network among national veterinary services, veterinary diagnostic 
laboratories, research institutes, universities, farmers' associations, and regional and international 
organisations, working to improve animal health in the Caribbean. 

All of the Caribbean countries are members of CaribVET, both CARICOM member states and 
associate member states as well as the non-CARICOM states such as Cuba, the Dominican 
Republic, and the French West Indies. This fact is extremely important, given the transboundary 
nature of many pests and diseases. 

Several international and regional agencies and organisations are also full members of 
CaribVET, not simply providing a supportive or observer role in the network. 

The specific objectives of the network are: 
1. To foster exchange of information and collaboration between people involved in animal 

production and health in the Caribbean, 
2. To promote a regional approach for disease control and emergency preparedness, 
3. To develop and harmonize regional veterinary diagnostic capabilities, and 
4. To strengthen national epidemiological surveillance networks through training and skills 

building. 

ORIGIN OF CaribVET 

CaribVET has its origins in three separate sanitary events: 
• a regional disease control project, 
• an animal disease crisis, and 
• a laboratory network project. 

In the first case, the regional eradication project of the Tropical Bont Tick Amblyomma 
variegatum (Caribbean Amblyomma Program) in the English speaking Caribbean made it 
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possible to establish collaboration between the veterinary services in the region. This program, 
initiated in 1995 was coordinated scientifically by the French Agricultural Research Centre for 
International Development (CIRAD) in Guadeloupe because of their expertise in ticks and tick-
borne diseases. 

The second event was the reintroduction of Classical Swine Fever in Hispaniola (Haiti and 
Dominican Republic), diagnosed with the help of CIRAD. This outbreak showed that there was 
a need for a regional approach to animal diseases within the Caribbean, since it was 
transboundary in nature and threatened several neighbouring islands. 

Thirdly, the establishment of a French Interdepartmental Fund (FIC) project 1998-99 obtained by 
CIRAD Guadeloupe and IICA, for the evaluation of the veterinary diagnostic capacities in the 
Caribbean, termed "BUILDING AN INTER-CARIBBEAN EPIDEMIOLOGICAL 
SURVEILLANCE NETWORK", made it possible to connect the laboratories and to propose 
technology transfers in particular for the diagnosis of Salmonella. It made it possible to start to 
structure a network of laboratories of the Caribbean. 

ACTIVITIES OF CaribVET 

The network then developed between 2001 and 2005 on the basis of projects and research 
activities on specific diseases, control programmes, the sharing of information through technical 
meetings and the creation of a website. 

All of these activities made it possible to reinforce the bonds among all the players in animal 
health and veterinary public health in the Caribbean. 

Some specific activities included 
Collaboration on the control of priority diseases such as: 

ο Control and monitoring for CSF in Cuba, Hispaniola, Jamaica and Belize 
ο Tropical Bont Tick surveillance strategies in participating English 

speaking Caribbean countries 
ο West Nile Virus diagnosing and monitoring throughout the region 

Conducting training workshops on laboratory diagnostics, epidemiological 
surveillance, Geographical Information Systems 
Holding of technical meetings 
Facilitating communication and exchange of information. 

So now all of the elements of a regional approach to disease surveillance were in place. Such a 
regional approach allows for 

Harmonisation of surveillance strategies (countries have similar objectives and employ 
similar methodologies, therefore allowing for the easy comparison of data and the sharing 
of information) 
Sharing of human resources and expertise 
Such harmonisation requires the use of common tools and it implies common choices. 
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Such a regional approach requires an organisational structure in the form of a Steering 
Committee to make policy decisions and to coordinate the activities of the network and the 
establishment of working groups to tackle individual diseases or issues. There is also a need for 
efficient and rapid exchange of information such as through a website with online reporting of 
surveillance data. 

In 2005, the global threat of Highly Pathogenic Avian Influenza (HPAI and in particular H5N1) 
was a major catalyst for full organisation and recognition of the network. 

It was during a joint regional meeting on disease surveillance and preparedness for HP AI that the 
proposal for an Organisational Structure for the CaribVET network was presented. The Chief 
Veterinary Officers of the Caribbean territories discussed, and agreed to, the proposal. Upon the 
recommendation of the CARICOM CVOs, the CARICOM Ministers' Council for Trade and 
Economic Development (COTED) endorsed the network and its organisational structure as the 
recognised tool for animal health surveillance in the region. 

ORGANISATION OF CaribVET 

A Steering Committee, a Coordination Unit and several Expert Working Groups on specific 
diseases or activities form the basic organisational structure of the network. Feeding into this 
structure are the activities of the many international, public and private sector organisations and 
agencies. 

The Steering Committee can be considered the head of the CaribVET organ. The objectives of 
the steering committee are: 

1. To decide each year on the principal areas of priority for the network (identification of 
priority diseases, activities, etc) 

2. To periodically review the composition of the Coordination Unit 
3. To supervise the activities of the working groups and to define the topics, terms of 

reference and composition of the work groups. 

The Steering Committee meets annually, usually in conjunction with the CARICOM CVO 
meetings, and promotes the regional projects for submission to donor agencies. It is composed 
of the Chief Veterinary Officers of all of the Caribbean countries and territories and 
representatives from international and regional agencies which have activities relevant to animal 
health and veterinary public health. 

The Coordination Unit is the engine of the network. Its composition is decided upon by the 
Steering Committee. This unit coordinates the technical activities of the working groups, 
facilitates communication within the work groups and the Steering Committee. It is also 
responsible for presenting an annual report to the Steering Committee, organising the technical 
meetings and facilitating the collaborative work on the internet through email and website 
management. 
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In general, the Chair of the Steering Committee, the chairs of the various working groups and a 
group of epidemiologists and laboratory scientists at CIRAD, comprise the Coordination Unit. 
CIRAD also serves as the administrative centre for the network. 

The third tier of the Organisational Structure is the Expert Working Groups. 
The objectives of these groups are to address the priority technical topics of the CaribVET 
network as defined by the Steering Committee. The specific terms of reference of the work 
groups will depend on the subject matter that the work group has been convened to address and 
will include: 

Development of various protocols for surveillance and monitoring 
Communication systems 
Data management 
Elaboration of harmonised standards. 

These work groups are comprised of resource people from both the public and private sectors, 
who have competencies in the field of the relevant topics and who are available to volunteer their 
time. The groups operate through remote work, facilitated by electronic communication 
(internet, email) and through the organisation of meetings as necessary. The idea is to utilise the 
various areas of expertise within the group, communicating with other resources, both from 
within and outside of the CaribVET network as appropriate. 

A total of nine working groups have been established. Some of these groups deal with specific 
priority diseases whereas others are more general in nature and deal with capacity building and 
harmonisation of techniques and protocols. 

Some of the significant activities that have taken place within the Working Groups are: 
1. Tick and tickborne diseases: Previously under the Caribbean Amblyomma Programme, 

this working group continues to work on the development of the TicklNFO database 
which uses GIS; 

2. Classical Swine Fever: Discussions and reporting on disease surveillance programmes, 
on inter-laboratory assays, making recommendations on vaccination protocols; 

3. West Nile Virus: Developing molecular diagnostic capability (PCR) and surveillance 
within member countries 

4. Avian Influenza: Development of molecular diagnostics capabilities and technology 
transfer; the development of a harmonised set of performance indicators for 
epidemiological surveillance. 

5. Leptospirosis and Rabies: Reports on the prevalence of these priority diseases such as 
were presented and discussed 

6. The Epidemiology Working Group has developed a tool to evaluate the surveillance 
capabilities of member countries (SNAT). Several countries have been evaluated using 
the tool. The Epidemiology working group also serves as an expert advisory committee 
to a Veterinary Epidemiology Programme underway in several countries, funded by the 
USDA and facilitated by IICA. 
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The CaribVET website is a major tool of the network, facilitating the exchange of information. 
The website contains a database of the veterinary diagnostic laboratories in the region, 
surveillance system databases and technical information on priority diseases. 

PERSPECTIVES AND FUTURE PROSPECTS FOR THE CaribVET NETWORK 

The CaribVET network articulates around five principle components which make it possible to 
ensure the development of epidemiological surveillance and the fight against animal and 
zoonotic diseases in the Caribbean Region. 

• Institutional structure 
• Epidemiology 
• Emergency Management 
• Information Systems 
• Laboratory 

Under the Institutional Structure component, the aim is further consolidation of the 
organisational structure of the network and continued functioning of the Steering Committee, 
Coordination Unit and Working Groups. Funding mechanisms for the active functioning of the 
network are continually being sought, but sustainability will ultimately depend upon the support 
and commitment of national governments, particularly for the functioning of the Steering 
Committee. 

Not all of the working groups are currently active, and mechanisms need to be sought to activate 
these. The goal is for each working group to meet at least once a year with e-groups established 
for continued working between meetings. 

For the Epidemiology component: 
Reinforcement of the regional surveillance activities through the networking of a group 
of regional epidemiologists; harmonisation of protocols and the use of performance 
indicators; 
Continue to provide expert support for the VEP (Veterinary Epidemiologists/Para-
epidemiologists) by providing a forum for the sharing of information, advice on 
surveillance protocols and formulating relevant risk questions; 
Further development of the scientific potential by acquisition of expertise on strategic 
subjects such as molecular (genomic) studies on tropical disease causing agents, the 
biology of host-vector-agent interactions and risk analysis and modeling. 

Under Emergency Management: 
The transition into the development of a true culture of risk assessment, risk management 
and contingency planning for sanitary crises. 
Exploring the possibility of collaborating with existing regional mechanisms for 
responding to sanitary emergencies (CDERA). 
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For Information Systems: 
Further reinforcement of the information platform which has been put in place, and the 
development of new tools for collection and management of data with support from the 
regional agencies and national veterinary services; 
Increased visibility of the CaribVET network by participation in international seminars, 
workshops and conferences, journal publications and further development of the website. 

For the Laboratory component: 
Continuation of regional activities with respect to quality assurance, technology transfer 
and support for diagnostic capacity building. 
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ABSTRACT. GCSI's mission is to strengthen the safeguarding system in the Greater Caribbean 
Region (GCR) by establishing partnerships with countries in the GCR to prevent, detect, and 
control existing and emerging plant pest threats. GCSI provides APHIS, PPQ and its partners in 
the GCR, the opportunity to establish a perimeter defense against the introduction of high risk 
plant pests into the GCR through collaborative efforts to harmonize quarantines, exclusion 
strategies and other safeguarding initiatives before they reach the borders of our nations. GCSI 
seeks to support the implementation of plant health safeguarding activities in the GCR. GCSI is 
committed to ensuring that all GCSI initiatives are successful and sustainable over the long term. 
The expansion of GCSI into a National Program demonstrates APHIS' commitment to food 
security and sustainability of plant health in the Region. The GCSI program is supported by a 
Florida GCSI Program Manager (based in the greater Miami) that provides coordination and 
communication among collaborators within Florida, PPQ's Eastern Region, and PPQ 
Headquarters to strengthen pest exclusion and agricultural quarantine inspection activities in 
Florida and the Eastern Region of the USA. 

KEY WORDS: perimeter defense, exclusion strategies, harmonization, quarantines, prevent, 
detect, control, high risk plant pest threats 

INTRODUCTION 

The 1999 Stakeholder Review of the APHIS-Plant Protection and Quarantine (PPQ) 
Safeguarding System, "Safeguarding American Plant Resources" (National Plant Board, 1999) 
identified the need to harmonize pest exclusion strategies among countries, especially as 
countries continue to develop international standards on a regional basis. In the context of the 
Review, "regionalization" refers to the harmonization of quarantines, exclusion strategies, and 
other safeguarding initiatives among countries in geographic proximity to one another. 
Regionalization offers the promise of greater efficiency and shared success at excluding and 
managing invasive species, while facilitating a lively regional economy. 

The Review recommended that "a longer term initiative be developed that included the plans for 
export of exclusion and detection capabilities, and specific pest and disease suppression 
activities, to apply the perimeter approach." Additionally, the Review cited that pest mitigation 
at the point of origin, i.e. offshore, is the most viable approach to pest exclusion and mitigation. 
"Necessary and associated activities include the identification of invasive plant pest and disease 
threats, development of preventative and control measures, and directed research with a mutual 
benefit to be received by the U.S. and the country of origin." 
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In January 2006, PPQ designated an Offshore Initiatives Coordinator in Florida (FL) for the 
Caribbean Safeguarding Initiative (CSI) pilot program (Dunkle, 2006). The goal of the pilot 
program was to bring coordination to PPQ-Florida's efforts and initiatives of targeting and 
reducing the risk of plant pests establishing in the United States through the Florida Pathway. 
The focus of the pilot program centered on projects and activities of interest and concern to 
Florida (De Chi et al., 2008). One major accomplishment was the establishment of a diverse and 
collaborative network that provides the foundation for the future of this program. 

In July 2008, CSI was converted from a pilot program in Florida into the GCSI, a National 
Program coordinated by PPQ headquarters in Maryland (USDA/APHIS, 2009). Within APHIS, 
the permanent program provides overall coordination and strategy development of offshore 
safeguarding initiatives and activities in the GCR. The conversion was intended to refocus the 
mission of the initiative and redesign the program to enhance alignment with the APHIS' 
national mission and goals. 

Key Elements of GCSI's Redesign 

The redesign seeks to strengthen APHIS's partnership with countries1 in the GCR for the on-
going regional development of offshore pest detection and control activities, for the benefit of 
the GCR. The scope of the program has been broadened to include a perimeter approach that 
will strive to prevent the introduction and spread of high risk plant pests into the GCR, including 
the United States, through collaborative efforts to harmonize quarantines, exclusion strategies 
and other safeguarding initiatives among partners in the GCR. As to the scope of the GCSI 
program, the GCR is defined to include the Caribbean islands, portions of South America 
(Venezuela, Suriname, Guyana, and French Guiana) Central America, Panama and the United 
States: Florida (FL), Puerto Rico (PR) and the U.S. Virgin Islands (USVI). 

GCSI seeks to support the implementation of plant health safeguarding activities in the GCR. 
GCSI is committed to ensuring that all GCSI initiatives are successful and sustainable over the 
long term. To that end, training and capacity building will be strategically incorporated in all 
GCSI sponsored projects and built on projects with a proven track record. The GCSI program 
strives to be creative, innovative, and strategic in its approaches towards addressing goals and 
challenges. GCSI will endorse projects and activities that are broadly considered to be 
necessary, feasible, and well-designed to ensure that the project outcomes will be transferrable 
and sustainable. 

Through GCSI, APHIS seeks to continue building upon the existing efforts and foundation 
within the GCR by strategically enhancing and strengthening these efforts. Through GCSI, 
APHIS also offers a coordinated effort to bring issues of mutual concern in the GCR to the 
forefront within USDA and among other agencies. One advantage of creating a national 
offshore safeguarding program with an international focus is that a number of funding 
organizations and agencies often turn to APHIS for collaboration, guidance, direction and 
technical assistance of agricultural-related programs. This program is unique in the sense that 

1 Any reference to countries in this document is understood to also include other geographical entity, i.e., territory, 
colony, overseas department or commonwealth 
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there is no other similar safeguarding program within APHIS for any other region in the world. 
The expansion of GCSI into a National Program demonstrates APHIS's commitment to food 
security and sustainability of plant health in the Region. 

Overview of GCSI Strategic Goals 

The strategic goals are designed to support the development of the regional perimeter 
safeguarding approach to prevent the introduction of high-risk plant pests and invasive species 
into the GCR: 

• Build a Coordinated GCSI Framework and Partnership Network 
• Strengthen Regional and National Pest Exclusion Activities within the GCR 
• Enhance Pest Detection Activities within the GCR 
• Strengthen Pest Mitigation and Suppression Activities within the GCR 

CONCLUSIONS 

The key to success for the GCSI program will be the strength of its partnerships in the GCR. It 
is essential to increase collaboration, coordination and outreach with strategic partners in the 
GCR. It is also essential to strengthen the collaboration and communication within APHIS, as 
well as with other external agencies and stakeholders. 

Although the GCSI program involves communication and outreach with many stakeholders in 
the GCR, including international and regional organizations, research institutions, associations, 
civil society and industry, a basic assumption is that the primary contact and partnership will be 
with each of the National Plant Protection Organizations (NPPOs) in the GCR. GCSI will meet 
with the NPPOs, both individually and collectively, to explore potential cooperation and 
collaboration to identify strategies for partnerships and coordinated regional safeguarding, and to 
gain their input and observations during the planning process. All GCSI activities will actively 
seek coordination and collaborative involvement by the NPPO of each respective country in the 
GCR. 

Federal and State plant health regulatory agencies within Florida, and their collaborators, 
continue to play a vital role in this program. For the continuation of coordinated efforts within 
Florida, there is a FL GCSI Program Manager based in the greater Miami area. To support the 
GCSI program, the primary focus of this position is to provide coordination and communication 
among the various collaborators within the State of Florida, PPQ's Eastern Region, and PPQ 
Headquarters for the purpose of strengthening pest exclusion and agricultural quarantine 
inspection activities in Florida and the Eastern Region. 
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PANEL DISCUSSION: PROSPECTS FOR STRENGTHENING CARIBBEAN 
SAFEGUARDING INITIATIVES AND FOR SUPPORTING THEM THROUGH CISSIP 
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INTRODUCTION OF THE PANEL DISCUSSION 

Dr. Moses T.K. Kairo, Director, Center for Biological Control, Florida A&M University, 
301 Perry-Paige (South), Tallahassee, FL 32307-4100, USA. Phone: 850-412-7062; Fax: 850-
561-2221. E-mail: Moses.Kairo(cpFAMU.EDU 

Good afternoon! My name is Moses Kairo. I am the Director of the Center for Biological 
Control and Florida A&M University. It is my pleasure to chair this panel discussion on 
Prospects for Strengthening Caribbean Safeguarding Initiatives and for Supporting them through 
CISSIP - the Caribbean Invasive Species Surveillance and Information Program. 

The rapporteur for this session is Dr. Lisa Myers of the Bodies Research Station, St. Catherine, 
Jamaica. 

A number of excellent presentations concerning invasive species have been made in this 
Symposium, and we have been discussing them throughout the day. It has become clear that a 
number of different initiatives to safeguard parts of the Caribbean have arisen and are under way 
or will start shortly. 

Another thing that has become pretty obvious is that there is a scarcity of resources available for 
safeguarding and that we have to give much thought as to how to use available resources in the 
most effective manner, and on how to create synergies. Now we have heard the perspectives of a 
politician and others about the needs for partnerships and other ways of mobilizing existing 
resources. 

The challenge that the panel will address is how to strengthen Caribbean safeguarding initiatives 
and how to secure resources for CISSIP. In part it is a matter of figuring out how to link existing 
programs to CISSIP and to identify the kind of overall management structure needed for these 
various thrusts. 

Let's hear from members of the Panel and then audience will have an opportunity to raise 
questions and to make comments. 

We are dealing with a very complex issue, and there is much that needs to be done. Resources 
available to combat invasive species in the Caribbean are very limited, so we need to find ways 
to maximize these very scarce resources. 

I now call on our first presenter, Dr. Mario Fortune of the Ministry of Agriculture, Lands and 
Marine Resources, Trinidad and Tobago. 
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Thank you, Dr. Kairo. I wish to talk on the basis of my pet concern over how to get the whole 
Caribbean to work together. Now we have to recognize that we are all together in the same boat 
in dealing with transboundary pest issues; CISSIP is an agenda for dealing with them. In my 
view, the two most important things that we have to do are - first, we have to get the politicians 
on board, and I was very pleased to hear the comments of the Honorable Mr. Arnold Piggott, 
Minister of Agriculture of Trinidad and Tobago. And if we have the politicians on board, I think 
we can work on another very important issue, which is to get the relevant legislation updated. 

Another big problem is pest databases; without databases we cannot get very far. Many of the 
islands or countries do not have a clear idea of which pests they have. They have a much clearer 
idea of the pests that they do not want; but they do not know which pests they already have. If 
we do not have a database of the pests we already have, we will get nowhere fast. So databases 
should be our number one priority on our agenda. 

Once again, we have to get our politicians on board; we need to convince them of the importance 
of animal and plant issues; we have to get the relevant legislation updated, and we have to 
develop pest databases. Thank you very much! 

Dr. Moses Kairo. I now call on our second presenter, Dr. Colmar Serra, formerly Head of the 
Entomology Unit, CENTA, which is a bureau in IDIAF, Instituto Dominicano de Investigaciones 
Agropecuarias y Forestales of the Dominican Republic. 

Dr. Serra has been doing research in the Caribbean for about 20 years on invasive species, 
biological control and integrated pest management. Colmar is very well informed about issues 
involving invasive species. 
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PERSPECTIVE OF A RESEARCH SCIENTIST IN IDIAF, DOMINICAN REPUBLIC 
CONCERNING: Prospects for Strengthening Caribbean Safeguarding Initiatives and for 
Supporting them through CISSIP 

Dr. Colmar A. Serra. Instituto Dominicano de Investigaciones Agropecuarias y Forestales 
(IDIAF), Programa Nacional de Protecciôn Vegetal, C/O Rafael Augusto Sanchez 89, 
Ens. Evaristo Morales, Santo Domingo, Dominican Republic. Phone: 809-564-4401; Email: 
Colmar. Serra®,gmx. net 

Thank you, Mr. Chairman. Good afternoon. I am representing Mr. Rafael Perez Duverge, 
Executive Director of IDIAF. I wish to recognize the organizers of this event and the National 
Council of Agricultural Research, CONIAF (Consejo Nacional de Investigaciones Agropecuaria 
y Forestales), the University of Florida, Florida A& M University, the University of Puerto Rico, 
the University of the West Indies, and APHIS/USDA. These and others have helped us in 
dealing with harmful invasive species during the last years. 

I looked through our documents in order to identify our special needs and what we expect from 
all of those planning activities which resulted in CISSIP. I participated in that planning process, 
and many of the points, or issues and constraints were common to most of the countries in the 
Region. However, as a representative of a country badly lacking in resources to address these 
issues, I have to say, okay, most of the, activities, results, products, interventions, tactics, and 
strategies presented in CISSIP and in this Symposium are valid on a Regional level. For 
example, we can profit from the pest risk analyses that have been conducted by the United States 
or Puerto Rico, and adapt them to our conditions, and we might get profit out of them concerning 
mitigation through classical biological control. In this regard, we have had some profitable 
collaboration with USDA-APHIS in recent years on importation of natural enemies and the 
biological control of several significant pests including the pink hibiscus mealybug 
[Maconellicoccus hirsutus (Green)], the papaya mealybug (Paracoccus marginatus Williams and 
Granara de Willink) and Anastrepha fruit flies; and we have written reports on these activities. 

So those are examples of cooperation with USDA-APHIS and with various universities that have 
been provided resources, and which have been very helpful to us. We can participate, and we 
have participated in measures to mitigate pest losses, such as IPM. A good example is the work 
on the pigeon pea podfly [Melanagromyza obtusa (Malloch)]. In this case we were strongly 
assisted by the Office of the APHIS Caribbean Area located in Santo Domingo. 

Now we can benefit a lot from studies on pathway analysis. We worked on pathway analysis 
with the APHIS team from Raleigh, North Carolina, headed by Dr. Heike Meissner. This taught 
us that in dealing with invasive alien species we need to focus on where our agricultural imports 
are coming from. The Dominican Republic gets most of its agricultural imports from Florida; or 
they may originate elsewhere, but they are shipped from Florida. 

Now during a fruit fly meeting in Fort Lauderdale, on the way from the hotel to the conference 
center, about 250 yards away, I counted about 15 arthropod species that we still do not have in 
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the Dominican Republic, but which are already established in Florida. Also, I have concluded 
that many of the invasive species that have established in the Dominican Republic came to us 
from Florida (as examples, the Bemisia tabaci 'B biotype' on Poinsettia, and probably the 
coconut lethal yellowing pathogen on ornamental palms). Many cruise ship voyages to the 
Dominican Republic originate in Florida, and many agricultural goods imported into the 
Dominican Republic are produced in Florida, and many other goods also come from Florida. We 
know that Miami is a very important transportation hub for the entire Caribbean. 

We need to be especially concerned about pest threats that are not yet in our countries, and which 
are threatening us. For example, there are some very dangerous Anastrepha fruit fly species, the 
mango seed weevil [Sternochetus mangiferae (Fabricius)], and the chilli thrips (Scirtothrips 
dorsalis Hood) that are not yet in the Dominican Republic, and that would cause disasters if they 
became established in our country. And what about all these other species that are not in the 
Caribbean, but that are already established in Florida and that are not of concern to the United 
States? How will we deal with them? Where will the funding come from to work on these 
species? This is our - or especially my main concern! 

So, as mentioned by Dr. Mario Fortune, we have to actualize the lists of pests already in our 
countries, and we have to make a list of all these species that we are about to get, and where they 
are presently located and by what pathway they are likely to come into Hispaniola. We have to 
remember that the Dominican Republic shares the island of Hispaniola with Haiti, and we have 
to be concerned about invasive alien species that become established in Haiti. 

These are issues of great concern to us because we have very limited resources for research, and 
we have to constantly write grant proposals to support our work. If we request funds to work on 
a problem that is not already causing much damage, we are unlikely to be funded. So we have to 
wait until a problem overwhelms our ability to deal with it in a timely and proper way before we 
can hope to get funding. So those are some of the problems that we are facing. I hope we have 
time to discuss these issues during this meeting. 

I wish to repeat my appreciation for the accomplishments that has been made in a number of 
projects in the Dominican Republic with funding coming from the Dominican Republic together 
with funding from the industry, the universities and other institutions, but also with the help of 
USD A-APHIS, and USD A-ARS. So, we hope that we will resolve these other problems. 

There are still other problems within our country that have to be resolved, such as the need to 
instill confidence in these international initiatives; since, as I told you, the advantages of regional 
safeguarding are realized at the Regional level, whereas the disadvantages are perceived by our 
decision-makers to be at the National level. But we are, in fact, getting a lot of benefit from these 
international initiatives. Moreover, we want to be part of this Regional safeguarding program. 
Thank you very much! 

Dr. Kairo. Thank you Colmar. You have identified a number of important problems. However, 
you did not identify ways of getting resources for CISSIP. I hope that the panel will take up this 
issue. I will now introduce our next speaker, Dr. Mark Trotman, Senior Veterinary Officer, 
Ministry of Agriculture and Rural Development, Government of Barbados. 
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Thank you very much, Moses. My contribution will be to focus on some points that I already 
made in my two presentations at this symposium, especially the one on CaribVET. I think many 
of the components of CaribVET are equally applicable to both pests and diseases of animals and 
to pests and diseases of plants. 

One of the things that I think would be very important in terms of strengthening initiatives in 
supporting either detection, surveillance or control of invasive species would be to have a task 
force that would develop harmonized surveillance strategies. This is something we have been 
attempting to do within the CaribVET network through the development of a Surveillance 
Network Assessment Tool (SNAT), which I referred to in my presentation. This is an objective 
evaluation conducted by a team of experts from each country that goes to each country for a one 
or two-day period and looks at the capabilities of the country in terms of its capability to carry 
out surveillance for the specific pests or diseases of concern: How do you carry out surveillance 
for specific key pests and diseases? How do your methods compare with internationally 
recognized surveillance standards? Where are the strengths and where are the weaknesses? How 
can we bring our surveillance methods up to the point where they are consistent with 
international standards and are harmonized throughout the Region? This is one area that we can 
pull from CaribVET - upgrading and harmonizing surveillance methods for all significant pests 
and diseases throughout the Region. 

Another important approach to strengthening safeguarding initiatives is to assess the availability 
of technical expertise and to share technical expertise within the Region - pulling in experts from 
the various institutions and from the Governments through the establishment of working groups. 
Now I did point out in my presentation on the CaribVET network that membership in working 
groups must always be based on competence in the specific area assigned to a given working 
group. There is always the tendency -certainly within the English-speaking Caribbean- to have 
the mentality "I want to be represented because I am not"; rather than because I have some 
specific competence to contribute to that working group. You want to make certain that the 
people in the working group, that, irrespective of their country of origin, they have specific 
competence to bring towards developing the needed protocols and strategies. If you are going to 
move forward with detection, surveillance and control of a specific pest, you need that 
competence at that point. 

Also, it is helpful to identify centres of excellence, which exist in universities and government 
agencies, and bring them into the working groups. This brings to mind that in the CaribVET 
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network, the various recognized centres of excellence and the regional and international agencies 
are all full members of CaribVET, not just the countries. This assures that CaribVET is truly a 
scientific institution, and not a political one. 

A critical component that needs to exist is some sort of coordinating mechanism. Without that, 
really and truly, you only have an ethereal type of body in which people may not reliably or 
effectively communicate with one another. You need to have that center -that administrative 
centre- that will coordinate the activities, that will coordinate the holding of meetings, that will 
coordinate the hosting of the website, that will coordinate the discussion groups which will pull 
the entire discussion and activity together. Without that coordination, we will not move forward 
in strengthening surveillance networks and detection protocols even if the technology exists to 
solve specific problems. 

So these are the major components and the points that I wish to make with respect to how we can 
go about strengthening surveillance programmes and strengthening safeguarding initiatives 
against invasive species. We should not reinvent the wheel, but see how we may adapt and adjust 
proven approaches to our initiatives and circumstances. 

A major challenge that we face is sustainability. The history of the Caribbean is riddled with 
examples of very, very good projects that were started and that petered out because of lack of 
sustainability. Ultimately, the only way to have sustainability of a project is to have government 
buy-in. Governments must own these programmes. We have seen, time and time again, that once 
the external funding falls, the whole programme falls. And that is what will happen with 
CISSIP. Unfortunately CaribVET is in a similar situation. We have managed to secure funding 
for an additional two years, but it is almost up. Year to year we struggle with uncertainty - will 
we get funds to fund surveillance programmes, to bring the working groups together, etc.? 
Without that sustainable component, wherever it may come from, any initiative will fail. 
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Thank you Mr. Chairman. Good afternoon ladies and gentlemen. 

Dr. Moses Kairo asked the panelists to give their views on how to strengthen safeguarding 
initiatives through CISSIP. I would say, "Just let us act exactly as if we were already operating 
within CISSIP" - I mean just as if CISSIP were already fully operating as a launched project, 
with specific tasks. That is the reason why, as Dr Pierre-Yves Techeney indicated in his talk a 
few minutes ago, we have implemented in Martinique a "CISSIP dedicated" project called 
PANDOeR, which means new pathologies: detection, observation and eradication of invasive 
alien species (see Iotti, 2008). For 2009, PANDOeR is budgeted at € 450,000, i.e., six full-time 
people from the Plant Health Service, three working within the country, three at the harbor and 
airport - which are European Entry points (PECs) -plus four people working at FREDON, a 
professional organization devoted to biological surveillance. 

Moreover, the Plant Health Laboratory of the Martinique Council has a National Agreement 
concerning the detection of major pests other than insects. These major non-arthropod pests pose 
very serious problems and the identification, detection, and surveillance of some of them are 
quite difficult and present a worrisome set of problems. 

PANDOeR manages six surveillance networks. It is working well. About 1,000 pest and 
pathogen samples have been analysed or diagnosed at a cost of 60,000 euros. 

The six surveillance networks focus on the following crops and diseases: 

1. Banana and plantain for black sigatoka (BS), or black leaf streak caused by 
Mycosphaerella fijiensis. 

2. Cavendish banana for yellow sigatoka (YS), caused by Mycosphaerella musicola and for 
black sigatoka (BS), or black leaf streak caused by Mycosphaerella fijiensis. 

3. Palm trees for red palm mite and lethal yellowing. 
4. Fruits and vegetables for fruit flies (orchards, marinas, landfills). 
5. Moko disease, banana bacterial wilt caused by Ralstonia solanacearum, (irrigation water 

and nurseries). 
6. Anthurium blight caused by Xanthomonas campestris pv dieffenbachiae (nurseries) 

Together with all stakeholders we are currently preparing eradication plans for Black Sigatoka. 
Emergency responses have to be well prepared and tested in advance. 
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In 2007 we eradicated an outbreak of Banana Bract Mosaic Virus (BBrMV) in vitroplant 
nurseries and in some recently planted plots. Thus we have destroyed about 700,000 banana 
plantlets. The cost of this action was 2 million euros. In contrast, we spend 10 million euros 
annually to combat Yellow Sigatoka by means of aerial applications of fungicides on 8,000 ha. 

PANDOeR has been tailored to serve as an integral part of a major component of CISSIP, the 
regional monitoring and inspection network. The French Overseas Regions have implemented a 
common pest database. Therefore, we in the French West Indies are ready to be part of a 
Caribbean Pest Information System on Invasive Alien Species. In particular we are prepared to 
integrate our efforts into the Caribbean Regional Diagnostic Network (CRDN). Nevertheless, we 
still have to gather as many voluntary partners as possible. Moreover, we must create and fund 
some positions for personnel devoted to this program. 

We are also preparing a new European Directive concerning import-export regulations for the 
Overseas Regions of the European Union (Guadeloupe-Martinique, French Guyana, La Réunion, 
Canaries Islands, Azores), which will ensure efficient, WTO coherent rules. 

We have prepared 200 recent Pest Risk Assessments, which are available to our colleagues upon 
request. Please note that Martinique and Guadeloupe are in the same Customs Zone, and thus are 
supposed to be in the same Plant Health Zone. Inside such a protected zone, we will work as in 
Europe with "phytosanitary passports", which are a kind of Phytosanitary Certificate for 
shipping plantlets, seeds, and for certain food products if needed. 

Another issue is the rapid phase-out of aerial applications of pesticides in Europe, and thus also 
in the French West Indies -probably within two years. This is of major concern with respect to 
suppressing both Yellow and Black Sigatoka. CEMAGREF, a public agricultural and 
environmental research institute, is leading a study on ground-based alternative methods of spray 
application, such as the use of large eight-wheeled sprayers, giant spray guns, individual 
sprayers, etc. 

Significantly, we in the French West Indies have agreed to be part of the Caribbean Plant Health 
Directors Group. Moreover we strongly believe that the Caribbean Region would benefit greatly 
from membership in an IPCC Regional Plant Protection Organization (RPPO), such as the North 
American Plant Protection Organization (NAPPO) or the European and Mediterranean Plant 
Protection Organization (EPPO = OEPP). We trust that the Caribbean Plant Health Directors 
Group will provide leadership in making this happen. We had planned to attend the Caribbean 
Plant Health Directors Group meeting in Guyana in March 2009, but we were prevented from 
attending by the episodes of social unrest. 

We should be grateful to receive an official invitation from CARICOM for the next meeting of 
the Caribbean Plant Health Directors Group. A relevant FAO/IPPC agreement could facilitate 
our official attendance. Thank you for your attention. 

Dr. Moses Kairo. Our next speaker is Mr. Wayne deChi, Agricultural Scientist with USDA-
APHIS International Services stationed at St. Augustine, Trinidad and Tobago. 
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Good afternoon, everyone! I will address the topic: Prospects for Strengthening Caribbean 
Safeguarding Initiatives and for supporting them through CISSIP. the Caribbean Invasive 
Species Surveillance and Information Programme. Now you may have seen some of these slides 
before, but I need to show them in order to set the stage for what I am going to talk about. 

After the Caribbean Invasive Working Group, CISWG, was formed during the CFCS meeting in 
Grenada in 2003, CISWG developed the Caribbean Regional Invasive Species Intervention 
Strategy, CRISIS, and submitted CRISIS to CARICOM's Council on Trade and Economic 
Development, COTED. COTED endorsed CRISIS and charged CISWG with developing a grant 
proposal to implement CRISIS. Thus, CISWG developed CISSIP. 

CISSIP has the following three major components: (i) Pest Survey and Inspection Programme, or 
PSIP; (ii) Caribbean Regional Diagnostic Network, or CRDN; and (iii) the Invasive Species 
Information System, or ISIS. 

Now I wish to integrate the goals of CISSIP with the goals of the APHIS Greater Caribbean 
Safeguarding Initiative, or GCSI (USDA/APHIS/PPQ, 2009), which was unveiled by Ms. 
Jennifer Lemly earlier in the programme. Also I wish to include the APHIS Off-shore Pest 
Information System (OPIS), whose goals overlap with those of CISSIP and of GCSI. Also the 
Convention on Biodiversity (CBD) has strategic goals that relate to the GCSI. 

The Greater Caribbean Safeguarding Initiative has four Strategic Goals as follows: 
1. Build a coordinated Greater Caribbean Safeguarding Initiative framework and 

partnership network. 
2. Strengthen Regional and National pest exclusion activities within the CGR. 
3. Enhance pest detection activities within the CGR. 
4. Strengthen pest mitigation and suppression activities within the CGR. 

I have grouped together specific goals and objectives of these various initiatives and 
partnered them with CISSIP. There are significant synergies between both strategies. One of the 
strategic goals of the CGSI is "Build a Coordinated Greater Caribbean Safeguarding Initiative 
Framework and Partnering Network". One of the Objectives under this strategic goal is Enhance 
the partnerships with and among NPPOs and non-NPPOs in the Greater Caribbean Region. Now 
this supports the information and communication system of CISSIP, namely, ISIS in that the 
USDA-APHIS supports the Caribbean Plant Health Directors' Forum and its associated Working 
Groups, both technically and financially. Also we will support the first meeting of the 
Emergency Preparedness Working Group scheduled for next week, July 20-24, in Barbados. 
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Participants from eight countries will attend, and they will be guided by specific Terms of 
Reference. 

A second Objective from within the GCSI is to Develop cooperative pest mitigation strategies 
for the priority plant pests not yet present or widespread within the Greater Caribbean Region. 
This objective supports the Pest Survey and Inspection (PSIP) component of the CISSIP. For 
example APHIS has supported surveys for entomopathogenic fungi of the red palm mite, 
Raoiella indica, in Antigua, Dominica, St Kitts and Nevis and Trinidad. Thus assessments were 
made of the impact of these pathogens of the red palm mite on selected islands. This has been a 
collaborative effort with CABI and the Ministry of Agriculture of Trinidad and Tobago. We have 
funded this programme for US$ 45,000, and we have had good success. Another example is the 
continued support of APHIS of fruit fly trapping and identification by supplying traps and lures. 

A third GCSI Objective is: Ensure that GCSI initiatives, technology transfer, and projects are 
based on 'sound science'. This supports the CRDN component of CISSIP with rapid diagnosis 
of pest problems. Also APHIS is continuing to build capacity in the Region. In collaboration 
with IICA and the Florida Association for Volunteer Action (FAVACA) APHIS is supporting a 
Regional Workshop on Identification of Coleopteran Pests of Economic Importance. We support 
this Workshop because we recognize that the Region is a net importer of grains, stored products 
and many dry goods and that beetles and weevils are the main pests of these staples. 

A fourth GCSI Objective is: Identify the existing communication and IT infrastructure resources 
available to support plant health activities in the GCR. This supports the CRDN component of 
CISSIP on rapid diagnosis of pest problems. As you know, two years ago APHIS purchased five 
sets of microscopes and cameras along with the software to connect each set to the Internet. We 
are in discussions with CISWG and CARICOM on placing each set in a different country within 
the region this year, and on training technicians in the skills needed to conduct distance digital 
diagnoses of diseases and insect problems. 

Let me conclude by asserting that these CGI Goals and Objectives and the examples of their 
implementation enhance the prospects for strengthening the Caribbean Safeguarding Initiative in 
accordance with the framework laid out in CISSIP. 

Thank you. 

REFERENCES 

USD A/APHIS/PPQ. 2009. Greater Caribbean Safeguarding Initiative 
Strategic Plan FY2009 -FY2013. APHIS/PPQ, Riverdale, MD, USA. 16 pages. 

Dr. Moses Kairo. Thank you very much Wayne! Our next speaker is Ms. Margaret Kalloo, who 
is well known to all of us who strive to combat invasive species. Margaret is Senior Project 
Officer, Agricultural Development Unit, CARICOM. 
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Thank you Dr. Kairo. I wish to speak about several elements of the CISSIP Programme. Some of 
you may not be familiar with CISSIP. It is the Caribbean Invasive Species Surveillance and 
Information Programme. It is a Programme that was developed through a collaborative process 
by CISWG. It is an ambitious Programme. Ambitious from the point of view that it has several 
components that can provide an overall strategy for meeting the challenge of invasive species. 
The components include surveillance for invasive species, a diagnostic network, an information 
system, a public education component, and capacity building; all of which would be focused on 
safeguarding the wider Caribbean against invasive species. CISSIP deals with safeguarding on a 
region-wide basis, and not only the CARICOM countries are involved, but it encompasses the 
entire Caribbean Basin including the Dominican Republic, Haiti and the French West Indies plus 
the neighboring countries of Latin America and the southern United States. From a regional 
perspective, when looking at it in comparison to other national and international initiatives, it has 
always been an ambitious Programme. Ambitious from the point of view that the total cost of the 
Programme would be about US$ 15 million over five years. 

Nevertheless, we were smart enough when we were formulating this Programme to formulate it 
such that it can be separated neatly into several components, while serving the wider Caribbean. 
And this is the strategy we need to take when seeking funding at the regional and international 
levels. It depends on various funding agencies, and on what they feel at the time we submit the 
funding request, on their programme needs at that time, and on their philosophy at that time. If 
we submit the Project in one year in support of agriculture in some form or fashion, favorable 
consideration depends on what they want, and the Project may be kicked out. So then at some 
other point in time, we have to try again, and try to associate the Project with the needs of the 
funding agency. So from our point of view, the important thing is that there is continuity in 
CISSIP, and that it can survive some discontinuity in funding; since that allows us to 
disaggregate the components and get each one funded individually; and thereby make 
meaningful progress. 

It has been a long road with respect to our effort to try to get the international donors to take a 
look at CISSIP as a Programme to serve the whole Region. They credit us with a vision of 
where we want to see the safeguarding initiative to go. They credit us for our concept of 
safeguarding, but at the same time they say that they cannot fund the whole Programme. 
Therefore, we have no alternative but to disaggregate CISSIP into its components and seek 
funding for each component individually. 
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We have not given up our attempts to secure funding for CISSIP. But we have not been lucky in 
getting funding. We have approached the Interamerican Development Bank, IDB; they have told 
us to reconstruct and retool our proposal. We have approached two other donors but they said 
that they cannot fund the entire project and that we should identify the Caribbean Regional 
Diagnostic Network element of CISSIP and take it up with USDA-APHIS together with the 
University of Florida, CARICOM Secretariat and other partners. 

One of the strategies is to first seek some funding to initiate the Public Education Program (PEP) 
component. It will require a greater effort to find funding for the other major components. 
Without the Public Education Program we will not go far. We need to educate the public about 
plant health invasives, animal health invasives, and environmental invasives, and the whole 
concept of invasives. This will help increase awareness and support for the safeguarding system 
that we wish to put in place to protect the Region. We hope that FAO, IICA, APHIS and other 
organizations that have a strong interest in the Caribbean will help fund the Public Education 
Program. 

This CFCS Invasive Species forum has focused largely on plant health invasives, but we also 
need to recognize the importance of invasive species threats to animal and human health and to 
the environment; and we need to do this through the Public Education Program. We have had 
this issue on the table for several years, but we have not been able to get anywhere with it 
because of lack of funding for it. Nevertheless, we have defined a regional strategy, we have 
identified the key components needed to implement it; and we have costed out some of the 
budgetary elements. So we have moved forward in a sense, but not to the extent that I would 
like. 

We in the CARICOM Secretariat are happy that our partners, the University of Florida, APHIS 
and others are doing what they can with resources available in their budgets to help construct the 
Caribbean Regional Diagnostic Network. We need also to show that we in the CARICOM 
countries can look after some of our own needs with respect to safeguarding. Others are helping 
so we need to help, and we need to push the agenda. 

Now from a Regional perspective, I also want to support the idea that we can learn from the 
coordinated animal health safeguarding effort within the Caribbean Region. The plant forum 
needs to look at the CaribVET Network and see what it can learn from it to strengthen the effort 
to safeguard plants within the Region. How can we build on it the highly effective animal health 
Regional safeguarding model in the Region? I encourage the 15 plus five CARICOM members 
to be part of the Network, and to help to develop the communication protocols to assure that 
sensitive information about things that are not nice in our countries can be shared securely 
throughout the entire multinational Network. And this is a big concern. I have always been a bit 
concerned about sharing information, about the protocols needed to do so securely, because 
information can also be used against you. Trust is an absolutely essential element in building a 
safeguarding network. And I think we need a protocol that assures that only certain key officials 
in each country will reveal sensitive information on invasives to the public. We must convince 
our politicians that it is important to share our information, and that we can follow protocols to 
do so securely. We need to share sensitive information about invasives so that we can move 
forward in the process of rapid response and early intervention to prevent or contain damage 
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from an invasive species, as opposed to the process of cleaning up after the problem has gotten 
out of hand. Belated damage control might be more expensive than the costs of surveillance and 
early intervention. 

We have to make a special effort to work out a mechanism or protocol for securely sharing 
sensitive information. That is not to say that we do not have to gather information, to build 
databases and to be as transparent as possible in all that we do, since safeguarding depends on 
transparency. Also transparency is needed to prevent strife between countries in the Region. So 
we have to break through on some of these things, because unlike the situation some decades 
ago, we are living in an era in which the movement of harmful invasives is accompanying the 
expansion of tourism and trade. However, when we come across important sensitive information 
that pertains to safeguarding the Region, we need to think before we act, and if we do not know 
the protocol for communicating we need to ask a knowledgeable official. 

Now in terms of trade within the Region, one of the things that we have not looked at is the 
increasing transportation need to accommodate expansion of trade within CARICOM. There is 
an urgent need to greatly expand transportation, both air and marine. Currently transportation is a 
major constraint on trade, including agricultural trade, within the Region. If we succeed in 
building the CARICOM Single Market and Economy, we will then have greater freedom of 
movement of workers and goods within the Region. This means that there is going to be a big 
increase in marine and air transportation within the Region. Further, this means unfortunately 
that there will be increased movement of pests and diseases within the Region. 

With respect to increased marine transportation issues, the Region needs to recognize that there 
will have to be a set of conditions for improving port health surveillance and for halting or 
retarding the movement of invasives in the region. For us this opportunity for increased trade 
within the Region means that finances and will play a bigger and bigger role in how well we 
succeed or fail to deal effectively with invasive species within the Region. Our inability to 
adequately deal with invasive species related to trade would be diametrically opposed to what we 
are attempting to accomplish with respect to increased agricultural production, increased trade 
and economic development within the Region. 

We need to convince our elected officials, the people who hold the purse strings, that we need 
increased budgetary support at the National and Regional levels to be able to deal with this threat 
that is opposed to the fundamental goals of achieving increased agricultural production, 
increased food security, increased trade and improved the livelihoods of the agricultural 
entrepreneurs within the Region. If we don't find a way, we never will realize these goals of our 
small island states, or SIDS, which are small developing countries. 

So given the conditions that I have outlined, given the fact that CISSIP has all these elements, 
thus understanding that we must disaggregate CISSIP into its components, let us take the 
opportunity to move forward at this meeting and in the meeting of CISWG immediately after this 
CFCS meeting. Some assistance concerning the Caribbean Regional Diagnostic Network is 
coming on board from APHIS and the University of Florida, so let us look at how we can pursue 
a few other elements of CISSIP together with these same development partners or other 
development partners. CISSIP was very carefully thought out, so there is no need to start over 
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and reinvent the wheel. Let us move forward this year in building our regional safeguarding 
system on aspects of CISSIP, so that when we come together again next year we will be happy to 
announce some accomplishments. 

Dr. Moses Kairo: Our next panelist is Ms. Carolyn Cohen. She is no stranger to the Caribbean, 
and she is filling in for Ms. Jennifer Lemly. Carolyn has been active in the Caribbean for a long, 
long time, and she is now back again. She is currently the Lead Technical Director for Plant 
Health Policy, International Services, USDA-APHIS, located in Riverdale, Maryland. 
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I am glad to be here. One problem with speaking so late in the panel is that many important 
points have already been made by preceding speakers. I will begin by giving you background 
information on APHIS programs in the Caribbean. Between 2000 and 2005 I was the Director of 
the USDA-APHIS-International Services Caribbean Area, headquartered in Santo Domingo, 
Dominican Republic. In 2005 I was transferred to Chile, and in 2008 I was transferred to APHIS 
Headquarters in Riverdale, Maryland. 

While stationed in the Caribbean, I was involved with pest detection, trade and other SPS 
activities. I dealt with the pest detection budget, which is money appropriated as a line item by 
the U.S. Congress, and this enabled me to become involved in a number of invasive species 
projects. In 2003,1 attended my first meeting of the Caribbean Food Crops Society in Grenada. 
Due to the eruption of the volcano on Montserrat, Mike Shannon, former APHIS Plant Health 
Director for Florida, was unable to attend the meeting. Thus Mike Shannon asked me to give his 
talk on invasive species; and Waldy Klassen provided me a copy of the presentation. 

Immediately following the T-STAR Symposium, I participated in the discussion groups during 
which CISWG was formed. I participated in the sub-group that identified immediate projects on 
invasive species, many of which were later incorporated into CISSIP. The other discussion 
group looked at the bigger picture of the whole Caribbean Region and what would have a broad 
impact on the problem of invasives entering the Region and dispersing within the Region. 

Amongst various things that I did as a result of these discussions in Grenada was to share the 
APHIS Emergency Action Plans for ten specific pests of concern, which could then be modified 
to become Regional Caribbean Emergency Action Plans. We focused on strengthening 
surveillance for invasive species. In this regard, we provided training in surveillance, we 
strengthened the cooperative trapping programs, and APHIS supplied traps and lures for pest 
surveys. 

Also, APHIS sponsored training in pest identification and provided identification services for 
tropical fruit flies, mollusks, etc. Also I was involved in the development of the CRISIS and 
CISSIP documents by providing comments to strengthen the various drafts. Initially, CISWG 
had little country representation other than the CARICOM Secretariat, which represents the 
CARICOM countries. At first, CISWG consisted mainly of research and extension experts 
drawn from international and Regional organizations and universities, and it was not until 
CISSIP was taking shape that representatives of individual countries were invited to participate 
in the work of CISWG. 
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At that point, APHIS appointed Russell Duncan, newly arrived in the Dominican Republic as 
Agricultural Officer, to represent APHIS (he recently moved on and is now posted in Brussels). 
At this point Jennifer Lemly, Director of the APHIS Greater Caribbean Safeguarding Initiative, 
Wayne de Chi and I are the official APHIS representatives to CISWG. 

I agree with comments made by others during their presentations, including: 
(iv) The need to update and harmonize legislation, 
(v) An emergency action technical working group, 
(vi) Establishing diagnostic and surveillance networks, 
(vii) Safeguarding and exclusion activities in the Region, 
(viii) Timely sharing of information with others, 
(ix) Coordinating the development of pest lists so that each county knows which pests 

it has and which pests it wishes to exclude, 
(x) Making decisions based on sound science, 
(xi) Developing pest risk assessments, 
(xii) The decision to have a perimeter approach around the Greater Caribbean so that 

we can intercept approaching threats. An example of our determination to 
develop a perimeter approach is our cooperative planned action against the red 
palm weevil, Rhynchophorus ferrugineus, which has recently arrived in the 
Greater Caribbean, having been reported to be in Aruba and Curacao. We will 
try to get some lures for the red palm weevil and see whether it can still be 
eradicated from the Greater Caribbean. Another pest we need to be on the 
lookout for is Bactrocera invadens, a pest rapidly spreading in Africa, which 
might spread as rapidly if it arrived in our region. 

During my tenure the pest detection budget tripled, and we spent much of the funding on 
capacity building and training. 

When I first met Wayne de Chi, he was with IICA, and we collaborated in sponsoring a pest risk 
assessment training workshop involving 13 nations. We did another similar PRA training in the 
DR. We worked together with Gene Pollard of FAO on implementing international standards, 
inquiry points and notification authorities. 

We worked together with other organizations such as CABI and CARDI on Giant African Snail 
training and surveillance. APHIS provided a snail expert to work with some of the islands. 
Recently he published a paper with excellent photos in a Dutch journal concerning Giant African 
Snail surveillance in Dominica. We conducted fruit fly trapping training in the Dominican 
Republic, which involved state of Florida Department of Agriculture trainers; and a regional fruit 
fly workshop in Grenada. We provided traps and lures and computers to assist participating 
countries in keeping track of fruit flies. 

When the Pink Hibiscus Mealybug entered the Caribbean in 1993 on Grenada, APHIS brought in 
Dr. Dale Meyerdirk to work with various cooperators to mass-rear parasites and to launch a 
region-wide biocontrol program; which was highly successful. When the chili thrips, 
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Scirtothrips dorsalis, was intercepted in Miami, Florida, on pepper shipments from St. Vincent 
and the Grenadines, we sent PPQ Identifier Tom Skarlinsky to check it out. Dr. Skarlinsky 
found that the chili thrips was established on St. Vincent Island. APHIS Center for Plant Health 
Science and Technology (CPHST) funded a cooperative agreement with the University of 
Florida on the biology and control of Scirtothrips dorsalis. Also CPHST made Dr. Matt 
Ciomperlik available to collaborate with the ministries and UF faculty, and this resulted in the 
identification of several very effective insecticides to control this species. Outreach at various 
fora, including the CFCS meeting in Guadeloupe, and cooperative APHIS/UWI/ministry surveys 
on several islands determined the countries in the Western Hemisphere in which this species had 
become established. 

APHIS also funded a project on biological control of Anastrepha spp. in the DR and other 
islands with some of the biocontrol agents becoming established. 

APHIS hired Wayne de Chi to be an Agricultural Science Officer in Trinidad and Tobago, so 
that he can coordinate closely with various regional agencies and Ministries of Agriculture, and 
develop synergies and avoid duplication as we begin to construct the APHIS Greater Caribbean 
Safeguarding Initiative (GCSI). 

Before I left Santo Domingo, I drafted an APHIS Caribbean Invasive Species Safeguarding 
Strategic Plan. This document became the basis of guidelines for regional APHIS Off-Shore 
Pest Information Program (OPIP) officers. The major pests identified are also reflected in the 
technical working groups (TWGs) of the Plant Health Directors Forum. 

We, along with IICA, F AO, CIRAD, CABI and CARDI, supported the Caribbean Plant Health 
Directors' Forum in order to coordinate regulatory safeguarding efforts against plant pests. We 
hope that the Plant Health Directors' Forum will eventually take the place of the Caribbean Plant 
Protection Commission (CPPC), which has not met in many years. Also we hope that the Forum 
will be helpful to CISWG. 

Basically, APHIS (and I) likes to play on a team, to protect our common ecosystem. Our former 
Secretary of State, Colin Powell, called the Caribbean 'our third U.S. border'. So, we look 
forward to coordinating APHIS programs with the various safeguarding efforts in the Region. I 
am happy to be back amongst my Caribbean friends and colleagues again. 

Dr. Moses Kairo: Thank you Carolyn. We are running short of time, so please hold your 
questions. Our next panelist is Dr. Tim Momol, Professor of Plant Pathology and Extension 
Director, University of Florida. 
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I wish to concentrate my talk on some developments in the Caribbean Regional Diagnostic 
Network or CRDN, a component of CISSIP. I thank Margaret Kalloo for explaining CISSIP and 
for outlining a strategy to seek funding for it. Also, I thank Dr. Modesto Reyes Valentin, 
Director, Centro de Tecnologia Agricola, IDIAF, for his excellent presentation on the current 
status of the CRDN and the progress in the Dominican Republic to implement it. 

So once again, the CRDN is the plant pest diagnostic and identification network that was 
proposed as a component of CISSIP. During the past two years the Dominican Republic, Puerto 
Rico, Florida and Haiti have been engaged in a pilot project to implement the CRDN. The 
University of Florida and the University of Puerto Rico are part of the Southern Plant Diagnostic 
Network so they have personnel with training appropriate for participation in the CRDN. The 
Dominican Republic and Haiti received training soon after they acquired the needed 
microscopes, cameras and software. 

We are grateful to Dr. Consuelo Estevez of the University of Puerto Rico for explaining distance 
digital diagnostics to colleagues in the Dominican Republic. This was followed by formal 
training in the Dominican Republic by a team from the University of Florida. Also a University 
of Florida team provided similar training in Port-au-Prince, Haiti. 

The Dominican Republic had applied for a grant, which it used to purchase the diagnostic 
equipment for eight sites throughout the country. The Secretariat of Agriculture in the 
Dominican Republic is committed to the CRDN and it is a pillar of sustainability of the CRDN 
in the Caribbean. In the case of Haiti, IICA, using USAID grant funds, purchased the equipment 
to set up one diagnostic laboratory in Port-au-Prince. We are very grateful for the support given 
by IICA in assisting the Ministry of Agriculture of Haiti to become a part of the CRDN. 

The University of Florida is part of the Southern Plant Diagnostic Network (SPDN), which, in 
turn, is part of the National Plant Diagnostic Network (NPDN). In fact, the University of Florida 
is the southern hub of the NPDN. In other words, the University of Florida serves as the central 
plant diagnostic laboratory for 13 southern US states, plus Puerto Rico and the US Virgin 
Islands. 

The NPDN has developed a variety of standard operating procedures (SOPs). These protocols 
and procedures have been or are being shared with our partners in the CRDN. These SOPs 
contain many helpful details with respect to many species of pathogens and pests, and each SOP 
is three to five pages long. There is one SOP on diagnosis of citrus greening disease, another on 
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Ralstonia solanacearum, which provide our best science-based state-of-the-art information and 
diagnostic protocols. We have provided guidance to each partner on how to develop their own 
diagnostic protocols and SOPs. 

The software we have provided includes a Laboratory Information Management System that 
provides a database for all clinic samples. The software also provides for two-way secure 
communication that is needed on confidential issues, and it provides a reporting utility. In 
addition there is an option to add digital images to do distance diagnostics, which in some 
instances is quite useful. So those are the materials and the system that each CRDN partner has. 
And through the Laboratory Information Management System, each partner is able to connect 
other laboratories or clinics. For example, in the Dominican Republic they are able to connect 
all of the efforts of their eight diagnostic labs. They are able to connect to clinics external to 
their county. The system also allows one to choose an expert, any place in the world, who has 
access to the Internet. Let us say, for example, that there is an insect taxonomist in London, 
United Kingdom who is a specialist on a certain group of insects. If you have an arrangement 
with this specialist, you can securely send images taken through a microscope of a new insect 
pest for identification; and you can communicate securely with this specialist. 

So we have had some success in developing the CRDN, but there are, of course, challenges also. 
One of the challenges in each country is how to handle and communicate sensitive information. 
We have provided a protocol developed by the NPDN on the chain of communication for 
handling and communicating sensitive information. This NPDN chain of communication 
protocol can be used as a model for each partner to develop a protocol specific to their 
institutions and other circumstances. If you find something new of potential regulatory 
significance, how do you handle relevant communication within your country? The finder could 
be a consultant, or a researcher, or a farmer. Currently in the Dominican Republic and effort is 
underway to develop a communications SOP to resolve issues on communicating sensitive 
information between and among the finders, extension personnel, field personnel, research 
scientists and Sanidad Vegetal, the regulatory authority. 

Five additional countries will soon be added to the CRDN. APHIS and the University of Florida 
are working closely with the CARICOM Secretariat and the Caribbean Plant Health Directors to 
select the countries. We are grateful to Margaret Kalloo, who has established the procedure for 
selecting the countries. So within a few more months the five countries will be announced, and 
CRDN will become a network of nine partners. And we hope that at the next CFCS meeting one 
year from now we will be able to report some successes from a CRDN consisting of nine or ten 
countries. 

We will provide training to people of the countries that will soon join the CRDN. Dr. Gilly 
Evans has a T-STAR grant that provides USDA funding for this purpose. We will invite two 
people from each country and bring them to Gainesville, Florida for this training. Each country 
will select the two trainees. The training will consist of diagnostics for pathogens and insects, 
various detection methods, SOPs, how to share information, laboratory information management 
system, etc. 
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I am optimistic that the CRDN component of CISSIP is moving forward and that we are going to 
be a fully functioning network, hopefully, within the next few months. 

Moses Kairo: Thank you very much, Dr. Momol. We will now go to our final panelist, Dr. 
Pierre-Yves Techeney, CIRAD, Guadeloupe, French West Indies. 
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Thank you, Dr. Kairo. I wish to emphasize what Tim Momol has said: The foundation of 
a surveillance system is diagnostics. High quality diagnostics are the key to an effective 
surveillance programme. 

The development of high quality diagnostics is where our efforts need to be focused 
during the next several years. Even though a distance diagnostic system has many merits, I still 
think it essential for each country to have a strong basic capacity for diagnostics. 

This means that personnel in every country require training in the fundamentals of 
modern diagnostics, and that they must have the appropriate equipment and instrumentation to 
perform diagnoses. It makes no sense to train people in diagnostics if they do not have the 
equipment and instrumentation needed to perform diagnostics on a daily basis in the laboratory 
where they are stationed. 

For me as a trainer, it is very frustrating to bring bright and capable people to my 
laboratory and to provide them with thorough training only to find that when these new 
diagnosticians have returned to their home countries, they lack the essential facilities and 
equipment needed to implement the approaches and procedures that I taught them. 

Considerable attention and effort should now be given to the rationalisation of the 
deployment and management of the diagnostic equipment that currently exists in each country. 
For example, in some countries different pieces of equipment are owned by different institutions. 
However, none of these institutions has in its possession all of the equipment items needed for a 
basic diagnostic laboratory. If the equipment owned by the various institutions could be 
assembled in a single common diagnostic laboratory, and managed for the benefit of 
diagnosticians of all of the institutions, then that country would be able to mount an effective 
surveillance programme. 

This is all that I have to say at this time. 
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GENERAL DISCUSSION OF ISSUES ADDRESSED BY THE PANEL CONCERNING: 
Prospects for Strengthening Caribbean Safeguarding Initiatives and for Supporting them 
through CISSIP 

Dr. Moses Kairo. Thank you very much, Pierre-Yves. Now, this session is open to the floor for 
any questions you may have for the panelists or for any comments. 

Ms. Jennifer Lemly. I wish to address concerns about Florida's contributions of invasives to 
the Region. I wish to assure everyone that we are careful about making certain that shipments 
leaving US ports are free of pests and diseases. Nevertheless, this is an issue that we are 
examining as part of the Greater Caribbean Safeguarding Initiative that we are beginning to 
implement. Clearly it is very important that when we say we are partners in the effort to curb the 
movements of invasive species into and within the Region that we, in the United States, take this 
obligation seriously. So, again, I want you to know that we are addressing this issue as move 
forward to fully implement the GCSI. 

Dr. Carlton Davis. I am delighted with the role being played by the University of Florida and 
especially that it is having some modest impact. I am associated with the University of Florida, 
but my roots are in the Caribbean. And what is somewhat disconcerting to me is that it is not 
clear that there is an articulated role for institutions of higher education within the Caribbean. We 
hope for example I have not heard the University of the West Indies mentioned once in this 
discussion, okay? That institution has a mandate for agricultural development. And so it is 
somewhat troubling. So here we are in Florida, and we are very glad that we can help to 
facilitate, but, again, I am ambivalent. So I would like ask the question: what is the role for 
tertiary education in agriculture-related higher education institutions as a part of the development 
strategy with respect to invasive species safeguarding in the Region? 

Dr. Moses Kairo. Would someone on the panel wish to respond? (1:16:00) 

Ms. Margaret Kalloo. Chair, I will not speak on behalf of the University of the West Indies, 
because I do not represent the University. Rather, I will speak from the perspective of the 
Caribbean Community, CARICOM, in which, the University of the West Indies System is 
recognized as one of the Regional institutions of CARICOM. Thus, I wish to be quite clear 
about my perspective. CARICOM has designated the University of the West Indies as leading 
institution for the development of human resources for the Region -particularly in agriculture. 
The University -together with one of CARICOM's Member States— has been designated as the 
lead agency to help in planning and building capacity and the human resources needed for 
agriculture. That is well understood, but little has been said of the fact that the Region has a 
general plan for agriculture and sixteen agencies or institutions have been named to take the lead 
in the [Jagdeo] Initiative in developing a realistic programme and of guiding or communicating 
with the leaders of the Initiative, which are the politicians and Ministers and Heads of 
Government on the issues of alleviating the constraints on agriculture. There are nine such 
constraints that have been named in what is commonly known as the Jagdeo Initiative. It is an 
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initiative to alleviate the binding constraints on agriculture, one of which is the need to develop 
capacity in the Region. I just wanted to make that statement. 

And since I am on the topic of constraints, I will inform you that one of the constraints of 
agriculture in the Region that has been targeted for alleviation is the weak and inefficient 
agricultural health and food safety systems in the Region. Now the Revised Treaty of 
Chaguaramas mandates the development of an effective and efficient SPS Regime in the Region, 
and this requires us to consider relevant aspects including legislative, administrative and 
technical and so forth. Those aspects need to be examined critically with the purpose of 
removing constraints to the flows of agricultural trade within the Region. In that context, and I 
apologize that did not say it before for some reason, the Minister of Agriculture of Trinidad and 
Tobago is the lead Minister under the Jagdeo Initiative with respect to assisting in alleviating the 
binding constraints on the agricultural health and food safety system. The CARICOM Secretariat 
is the lead agency with respect to assisting in developing and devising the plans for alleviating 
that constraint. Invasive alien species falls within the scope of the constraints on the agricultural 
health and food safety system in terms of how we devise that system to cope with them. So I just 
wanted to make the point about the Senator The Honourable Arnold Piggott. In his speech here 
today he addressed the issues in a particular way; and he is our advocate in this matter. Thanks. 

Dr. Gene Pollard. I want to respond to the concern raised by Dr. Davis and the assumption that 
UWI is not involved in invasive species issues in the same manner as the University of Puerto 
Rico or the University of Florida and so forth. However, UWI is a member of CISWG, so it is 
involved. 

Now, the other point that I wanted to make has to do with the fact that several speakers have 
referred to the need to develop surveillance and pests lists, etc. And I would like to remind 
everyone that there are specific International Standards of Pest Management (ISPMs) dealing 
with pest reporting, dealing with surveillance, dealing with pest lists, etc. Further within the 
International Plant Protection Convention (IPPC) there are specific duties and obligations 
outlined for National Plant Protection Organizations (NPPOs) which encompass the several of 
the issues that we are discussing. All parties to the IPPC are obliged to meet these standards. 

Editor's Note: the most recent list of ISPMs is as follows: 
LIST OF INTERNATIONAL STANDARDS FOR PHYTOSANITARY MEASURES (ISPMS) 

(French and English versions of ISPMs can be downloaded from the IPPC web site.) 

ISPM 1 Phytosanitary principles for the protection of plants and the 
application of phytosanitary measures in international trade 

ISPM 2 Framework for Pest Risk Analysis 

ISPM 3 Code of conduct for the import and release of exotic biological 
control agents 

ISPM 4 Requirements for the establishment of pest-free areas 

ISPM 5 Glossary of phytosanitary terms 

ISPM 6 Guidelines for surveillance 
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ISPM 7 Export certification system 

ISPM 8 Determination of pest status in an area 

ISPM 9 Guidelines for pest eradication programmes 

ISPM 10 Requirements for the establishment of pest free places of 
production and pest free production sites 

ISPM 11 Pest risk analysis for quarantine pests including analysis for 
environmental risks and living modified organisms (2004) 

ISPM 12 Guidelines for phytosanitary certificates 

ISPM 13 Guidelines for the notification of non-compliance and 
emergency action 

ISPM 14 The use of integrated measures in a systems approach for pest 
risk management 

ISPM 15 Guidelines for regulating wood packaging in international trade 
(2009) 

ISPM 16 Regulated non-quarantine pests: concept and application 

ISPM 17 Pest reporting 

ISPM 18 Guidelines for the use of irradiation as a phytosanitary measure 

ISPM 19 Guidelines on lists of regulated pests 

ISPM 20 Guidelines for a phytosanitary import regulatory system 

ISPM 21 Pest Risk Analysis for regulated non-quarantine pests 

ISPM 22 Requirements for the establishment of areas of low pest 
prevalence 

ISPM 23 Guidelines for inspection 

ISPM 24 Guidelines for the determination and recognition of equivalence 
of phytosanitary measures 

ISPM 25 Consignments in transit 

ISPM 26 Establishment of pest free areas for fruit flies (Tephritidae) 

ISPM 27 Diagnostic protocols for regulated pests 

ISPM 28 Phytosanitary treatments for regulated pests 

ISPM 29 Recognition of pest free areas and areas of low pest prevalence 

ISPM 30 Establishment of areas of low pest prevalence for fruit flies 
(Tephritidae^ 

ISPM 31 Methodologies for sampling of consignments 

ISPM 32 Categorization of commodities according to their pest risk 
(2009) 
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Ms. Margaret Kalloo. Chair, I thought I would hear from the UWI representative - in response 
to comments by Dr. Davis and by me -that within the service or within the programmes of the 
University of the West Indies there is some form of active involvement with invasive species in 
some form or fashion. That is what I thought I was going to hear. And I thought I would hear of 
an increased capacity to develop pest risk analyses in an academic way; and whether these pest 
risk analyses would deal with both plant and animal pests and pathogens. So I was thinking more 
of academia, and I was thinking more of the role of the UWI in the sense that I know we just had 
a discussion with CABI on that point. And I thought that such points should be made in response 
to Dr. Davis. 

Dr. Gene Pollard. Well, I would like to remind everybody of the remarks I made earlier today 
during the panel discussion: "Towards Achieving Enhanced Food Security through Combating 
Invasive Species". I discussed the roles of Regional research and academic institutions. 
Specifically I mentioned that at the St. Augustine campus of UWI, there is a M.Sc. Crop 
Protection Programme with modules on invasive alien species as crop pests and the various 
related international agreements, viz. IPPC and WTO SPS Agreement. Within this Programme 
we have a module on pest risk analysis of plant pests. And during the last semester we had Dr. 
Fortune give a presentation on his experiences in Trinidad and Tobago with undertaking pest risk 
analyses. I think it is one of the few small countries that has a dedicated PRA unit. Thus, at least 
in one UWI Campus Programme, there is a module to train students in how to do pest risk 
analyses. 

Dr. Edward "Gilly" Evans. What we have heard this afternoon is very interesting. Now I am 
one of the organizers of this Symposium, so I would like to ask the panel members and the chair: 
"How can we harness all of these great suggestions we heard this afternoon to strengthen the 
Regional safeguarding initiative, how can we move CISSIP forward? We already see something 
emerging with the CRDN. So should we let the CRDN fully evolve and come out, and only then 
address some of the other components of CISSIP? Or should we now go back to the drawing 
board and see how best to address the various components? 

Dr. Kairo. I recommend that some of the points discussed here today should be taken to the 
CISWG meeting on Friday in order to inform that discussion. Does someone else have a 
suggestion? 

Dr. Elizabeth Johnson. I wish to congratulate the Panel for its informative discussion. Now on 
the issue of coordination of the efforts I wish to amplify what Margaret Kalloo was saying. 
Currently CABI is doing a market survey for what it is calling the Global Plant Health Centre, 
which is attempting to coordinate all of the various efforts around the world in pest identification 
and diagnostics. So that is an amplification of what we now have in the Crop Protection 
Compendium. And it is an effort to coordinate with all of the regulatory agencies to bring 
together all of the information on quarantine pests, pest risk and diagnostics and to provide 
instant access to plant health specialists. So at this point we are developing the business case for 
the Centre, and we have to see if it is a viable proposition. We invite you to participate in the 
survey and give us you feedback on this concept. 
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Mr. Wayne deChi. I wish to add to what Margaret and Gene have said. When we in APHIS try 
to do some capacity building in the Region, we find we have to go to bring in specialists from 
outside the Region; and this takes quite a lot of effort. We would really like to see UWI step up 
and meet this need. We do have some specialists in countries like Jamaica, but they are limited in 
terms of how much time they can give to assist. 

Dr. Barbara Graham. Thank you, Chair. I do not think that what we are looking for here is a 
new programme at the University of the West Indies. We are discussing the CaribVET, the 
CRDN, the CISSIP and the Caribbean Plant Health Directors Forum, and there is another group 
dealing the pesticide control boards, and somebody mentioned CAHFSA. So we have these 
networks, and they all do good work, but the issue is raised as how to finance these various 
groups. Dr. Mark Trotman mentioned the difficulty of financing each group. Now what I am 
seeing is the absence of a programme approach in presenting our funding needs to our 
development partners. So when we are asked to support CaribVET or CISSIP or the Plant Health 
Directors Forum, we are not sure of which one we should support. Now in an isolated way each 
one of these networks seems worthy of support. However, if the donor organization has a results 
oriented approach or a programme-oriented approach to its work, it needs to know what it is 
supporting and why. You need to take a programme approach. I think we need something that 
captures all of what we heard today in one programme for presentation to the development 
partners; so they can see the whole programme, and see the programme priorities, and clearly see 
what they are supporting. 

There is another thing that struck me since I am from FAO. Every two years we develop a 
Biennial Programme of Work and Budget. To do so we hold meetings with all the Member 
Countries in the Region. But in these meetings there has been no reference to the things we have 
discussed today; and so none of this gets into our Programme. We have just completed the 2010 -
2011 Programme of Work and Budget, and there is nothing in it that supports to the things we 
have discussed today. Now it is possible that in each of these individual networks has been 
developed in isolation, so this is how you would like to operate. However you need to think how 
you will bring these networks together into one strategic framework that will afford the 
development partners single programme the possibility of how to decide on a 2-year or 4-year 
basis the programme. I am sure that would help to reduce some of the resource constraints. 

Dr. Kairo. Margaret wishes to make a brief comment before we adjourn. 

Ms. Margaret Kalloo The fact that we wanted to establish CAHFSA, and CAHFSA would 
operate under a strategic plan to meet all of the agricultural health and food safety needs of the 
CARICOM countries. But currently we lack adequate finances to make CAHFSA sustainable. 
Nevertheless, the CARICOM Secretariat feels that even though the resources are lacking to make 
CAHFSA sustainable, there is a need for a programme on agricultural health and food safety. 
And in this past year we have been considering how to do aspects of the CAHFSA programme 
and not just invasive species. Now from this gathering, and from past gatherings on invasive 
species, we see that dealing with invasive species would require a huge programme with many 
components. And when we consider agricultural health and food safety, it is even bigger, it is 
even more massive and it is even more ambitious, since it includes plant health, animal health 
and food safety. So, Chair, I just wanted to make that point that it is under consideration to deal 
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with invasive species within the context of agricultural health and food safety - a massive 
programme for the Region- particularly for funding purposes. Also it would encompass invasive 
alien species. 

Dr. Kairo. Thank you, Margaret. Now, let's have a round of applause for this fine Panel and 
adjourn. 
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OBSERVATIONS 

The panel discussion topic was Prospects for Strengthening Caribbean Safeguarding 
Initiatives and for Supporting them through CISSIP. Members of the panel put forward the 
following as prospects for strengthening these initiatives: 

1. Harmonized and updated legislation in the Region 
2. Greater political will and government "buy in" for sustainability because of the problem 

of fallout when project funding ends 
3. Development of databases at the national level to facilitate sharing of information 
4. Institutional strengthening, capacity building, training 
5. Harmonized surveillance and the development of strategic objectives at the Regional 

level 
6. Pulling on experts to assess the capabilities in the Region to do pest and disease 

surveillance with emphasis on compliance with International Standards 
7. The establishment of working groups based on competences and not just country 

representation 
8. The establishment of centers of excellence in the Region which are not politically linked; 

supported by a coordinating mechanism and an administrative centre. 
9. Integration of the components of the CISSIP into National programmes. Example are 

inclusion of CISSIP components in USDA's GCSI (Greater Caribbean Region 
Safeguarding Initiative), and in France's Ministry of Food, Agriculture and Fisheries 
PANDOeR (PAthologies Nouvelles: Détection, Observations, eRadication / New 
pathologies: diagnoses, observations and eradication) Project. 

10. Promoting greater partnerships and communication among National Plant Protection 
Organizations (NPPO's) and non NPPO's 

11. Greater involvement of the University of the West Indies in the invasive alien species 
effort; as the Regional institution recognized to develop human resources in the Region 

Based on the contributions made by the panelists it appears that prospects for strengthening 
many aspects of Regional safeguarding were limited and required the implementation of various 
strategies as outlined above to facilitate this process. 
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However, the prospect for supporting these initiatives through the CISSIP was dependent on the 
CISSIP obtaining financial support, which still remains a challenge. One panelist described the 
CISSIP as a comprehensive yet ambitious project and proposed that the path of disaggregating 
components of the CISSIP be pursued in order to obtain some funding support. It was noted that 
the CRDN component had received such support and the next focus could be the Public 
Education/Awareness component. 

It was also highlighted that a budgeted programme approach was absent and this was warranted 
if development partners were to give serious consideration to the CISSIP. It was interesting to 
note that although FAO is represented on the CISWIG that none of the Governments of the 
various Caribbean Countries, which are members of FAO, and which participate in the 
development of FAO's Biennial Programmes of Work and Budgets, to this date have not 
proposed any programme of work on safeguarding against invasive alien species nor requested 
funding for this purpose; and this according to the FAO Sub Regional Representative for the 
Caribbean. 

It was also recommended that a strategic Regional safeguarding framework be developed to 
allow development partners to identify areas they could support and this could help reduce 
resource constraints. It was noted that a programme approach was needed but would require 
considerable thought for its development. 

SPEAKERS' NOTES 

Dr. Kairo gave a brief introduction to the topic. He made reference to the issues discussed over 
the course of the conference and the number of initiatives that are planned, or have already 
started. He pointed out the scarcity of resources to efficiently carry out these activities hence the 
need to ensure that limited resources are utilized diligently and effectively. 

A challenge to be addressed was how these initiatives could be linked or synergized so that 
resources could be more effectively utilized. This he noted was a complex issue which would 
require much thought. He envisioned a lot of work to be done. 

He invited the panel to direct their response in light of the topic and the issues he had raised. 

Dr. Mario Fortune articulated the need for greater political will and that politicians must get on 
board with the agenda. He was encouraged by the interest shown by the Minister of Agriculture 
of Trinidad and Tobago and his willingness to support the IAS effort. 

Dr. Fortune also stressed the need for harmonized and updated legislation in the Region; that 
countries need to develop databases of pest species known to be present in each country. Most 
countries already know what IAS they want to exclude, and such lists of unwanted pests are 
important in setting priorities in safeguarding individual countries and the Region as a whole. 

Dr. Colmar Serra recognized the assistance provided by the University of Puerto Rico and the 
USDA. He noted that the Invasive Alien Species (IAS) issues under the CISSIP are common to 
most countries and also recognized the limited resources available to adequately address them. 
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He encouraged the development of strategies at the Regional level. To aid the effort to safeguard 
against IAS, he recommended the utilization of pest risk analyses (PRAs) already done in other 
countries such as the USA and the French West Indies. He noted the need to know where our 
imported agriculture goods originate, since unwanted pests may lurk in the countries of origin of 
imported goods. He cited a number of initiatives that have benefited both the Region and the US 
but, given the large volume and variety of plant materials exported by the USA to the Caribbean, 
Colmar expressed concern that some pest species in the US -that may not be of concern to the 
US- could be of major concern to the Region. However, APHIS and other US agencies may not 
provide funding to cope with such unwanted invasives if they are not an important problem in 
US agriculture. He mentioned potential pathways from the US to Haiti to the Dominican 
Republic (DR), and he noted that once a pest is established at one location in in Hispaniola, it is 
likely spread throughout the island. Dr. Serra reiterated appreciation for efforts already done in 
the DR with help from the USDA APHIS. 

Dr. Kairo encouraged the panel to focus on the matter of strengthening CISSIP. 

Dr. Mark Trotman extracted points from his earlier presentation which he felt were equally 
applicable to the discussion. He spoke to institutional strengthening, harmonized surveillance 
and the development of strategic objectives. He mentioned pulling on experts to look at the 
capabilities in the Region to do pest and disease surveillance and to look at existing systems in 
order to determine their adherence to International Standards. He recommended that a survey be 
done throughout the Region to identify this technical expertise. 

The establishment of working groups was also suggested and that membership be based on 
scientific and technical competences and not just country representation. Dr. Trottman also 
suggested a move towards the establishment of centers of excellence in the Region. Such centers 
should not be tightly linked politically but semi-autonomous scientific institutions. He indicated 
that Regional safeguarding requires a coordinating mechanism with support from an 
administrative centre. 

He stressed the importance of government "buy in" as critical to sustainability of the 
safeguarding effort because in the absence of government "buy in" there is a very high likelihood 
that the safeguarding effort will collapse as soon as external funding is withdrawn. 

Mr Jean Iotti was supportive of what had been said by previous speakers. He stated that the 
French islands were currently involved in a Regional project similar to CISSIP and known as 
PANDOeR (PAthologies Nouvelles: Detection, Observations, eRadication). He described the 
components of this Regional collaboration which has the support of the European Union. 

Mr. Wayne De Chi provided a background on the development of the CISSIP and CRISIS 
documents. He highlighted three aspects or components of the CISSIP that have been integrated 
in the USDA goals. He made reference to the four strategic goals under the USDA Greater 
Caribbean Region (GCR) safeguarding initiative; coordination, pest exclusion, pest mitigation 
and suppression. The objectives of this initiative are to enhance partnerships and support 
communication among National Plant Protection Organizations (NPPOs) and non NPPOs. 
Several activities under the USDA (GCR) safeguarding initiative were also mentioned. 
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Ms. Margaret Kalloo spoke briefly about the elements of the CISSIP. She described the CISSIP 
as a comprehensive yet ambitious project designed to comprehensively address IAS issues in the 
entire Caribbean, including the Caribbean basin bordered by the North, Central and South 
American continents. The total cost of funding the CISSIP equates to US$ 15 million. It has 
been a long road to develop CISSIP, obtain COTED support and attempt to secure donor funding 
for it. It is not realistic to request $15 million for a single project. However, CISSIP was 
designed so that it can be readily disaggregated into a small number of major components. In Ms. 
Kalloo's view, the likelihood that donor agencies will fund components of CISSIP is highly 
depended on their ever shifting priorities, their moods, their philosophies, and their annual or 
biennial programmes of work and budgets. Potential donors have however given credit to the 
vision captured under the CISSIP. Unfortunately the International Development Bank did not 
accept the proposal and suggested that the document be revisited. 

Some funding and in-kind support the Caribbean Region Diagnostic Network (CRDN), a 
component of CISSIP is currently being provided by the USDA (APHIS and CSREES-TSTAR) 
and the University of Florida. 

Ms. Kalloo stressed the need to obtain funding support for the public awareness/education 
component of the CISSIP. Strategies for this component need to be developed. Ms. Kalloo 
stated that as a community there is need to show or demonstrate a willingness to strengthen 
ourselves. She made reference to the CaribVET animal surveillance network which could be 
used as a model for the plant health component. This is being considered by the Plant Health 
Directors' forum. 

Another point raised was how members could share information ensuring security in 
safeguarding the information captured for fear of it being used against the member state. Ms. 
Kalloo stressed the need to convince our politicians to share information to safeguard the 
Region. It may mean developing a wider network among us to share information in databases to 
facilitate trade. She encouraged transparency and the need to develop mechanisms to provide 
security in trade. 

With increased maritime and air transportation within the Region coupled with agricultural 
diversification among CARICOM countries there is now a greater need to strengthen 
surveillance for plant and animal health at ports of entry and export. This warrants increased 
budgetary support at the National level or the constraint of invasive species will progressively 
increase production cost and impede trade and the Region may not realize our goals to become 
prosperous developed countries. 

Ms Kalloo recommended disaggregating the major components of CISSIP and to push for 
funding for each component individually. 

Ms. Carolyn Cohen provided an excellent account of APHIS contributions to safeguarding in the 
Caribbean during the past decade or so. She emphasized that APHIS has taken a firm decision to 
develop a perimeter approach to safeguarding the Greater Caribbean from approaching pest 
threats. As an example she cited the major effort to prevent the further spread into the Region of 
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the red palm weevil, Rhynchophorus ferrugineus, which has recently arrived in Aruba and 
Curacao. APHIS is committed to training and capacity building to support effective 
safeguarding. APHIS has a much greater commitment to the Caribbean safeguarding than in the 
past as is evident by creating the APHIS Greater Caribbean Safeguarding Initiative as an APHIS 
National Program. 

Dr. Tim Momol spoke to the Caribbean Region Diagnostic Network (CRDN) component of the 
CISSIP. Dr. Momol reported that the Dominican Republic had purchased its own diagnostic 
equipment for eight laboratories with support from USAID and that Haiti had purchased its own 
diagnostic equipment for one laboratory with support from IICA. These countries with the 
assistance of the University of Puerto Rico and the University of Florida have already set up their 
own system under a pilot project. Personnel were trained in country once the system was set up. 
Aspects of the training included, Standard Operating Procedures developed through a pilot 
project, detailed diagnostic protocols and laboratory information systems management. The 
system allows the user to choose experts anywhere in the world with internet access. Challenges 
experienced were being resolved by using a Regional Plant Diagnostic Network (RPDN) 
protocol. 

Under the CRDN component of the CISSIP five more countries are to be added with diagnostic 
equipment provided by APHIS. Margaret Kalloo was thanked for her efforts through 
CARICOM to identify the appropriate recipient countries. In a few years the CRPDN will be 
implemented in nine countries. Under the project two scientists per country will be trained at the 
University of Florida in diagnostic techniques, SOP's and lab information management systems. 

Dr. Pierre-Yves Teycheney stressed the importance of diagnostics to the IAS effort and the need 
to have good capacity within each country. Although it augers well for each country to have the 
trained personnel to do diagnostics, it does not make any sense to train people if there is no 
diagnostic equipment. He spoke of the need to rationalize existing diagnostic facilities within 
countries to provide at least one comprehensive diagnostic facility. 

Discussion 
Ms. Jennifer Lemly acknowledged that harmful invasive species occasionally find their way into 
the Caribbean from the United States, as had been asserted by Dr. Serra She thanked him for 
acknowledging the USDA's contribution to the Dominican Republic's efforts to cope with 
invasive species. Further, Ms. Lemly asserted that -as part of the GCSI- the USDA would be 
careful about its obligation to prevent the export of invasives to the Caribbean. 

Dr. Carlton Davis indicated that he was pleased that the University of Florida had been able to 
contribute to the effort to develop a strategy and a mechanism to safeguard the Greater 
Caribbean Region against invasive species. However, he expressed concern that even though of 
the University of the West Indies (UWI) has a mandate to contribute to agricultural development 
in the Region, its involvement in these efforts had been neither highly visible nor comprehensive. 

Ms. Margaret Kalloo responded to Dr. Davis' statement by giving CARICOM's perspective. 
The UWI system is recognized as a lead institution for development of human resources in the 
Region in Agriculture. The institution was named along with a member state with responsibility 
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to build this capacity. She apologized if this was not brought out in the meetings. Ms. Kalloo 
made reference to a general plan in the Region concerning agriculture development, which has 
been articulated under the Jagdeo Initiative. Nine constraints have been identified these included 
a weak and inefficient agricultural health and food safety system. [Editor's note: The Jagdeo 
Initiative was described in Clarke, The Honourable Roger. 2006. The Jagdeo Initiative: 
CARICOM's perspective on enhancement of sustainable growth and development in Regional 
agriculture. Proceedings of the Caribbean Food Crops Society. 42(1): 8-14. 2006.] 

Dr. Gene Pollard did not address the issue except to say that there was an assumption that the 
UWI has been significantly involved. He stated that UWI is a part of CISWIG and participates in 
the Caribbean Plant Health Director's forum. He sought to advise the group regarding the need 
to follow the standards set by the International Plant Protection Convention when developing 
pest lists, i.e., ISPM No. 19 (2003) Guidelines on lists of regulated pests. 

Ms. Margaret Kalloo stated that she thought that she would hear a response from UWI with 
respect to Dr Davis' question; such as their syllabus and plans to develop capacity in the Region, 
for example capacity to do pest risk analyses ( PRAs) in a more scientific way. 

Dr. Gene Pollard responded by mentioning of the M.Sc. programme in Crop Protection offered 
by UWI of which he had spoken to earlier. This programme includes a module on PRAs done by 
Dr. Fortune. 

Dr. Gillv Evans thanked the panel for their contributions, but, as one of the organizers, he wanted 
to know how to harness the great suggestions made to move forward. For example, was it 
prudent to follow suit with the CRDN identifying other components of CISSIP for separate 
funding or should CISWG go back to the drawing board? 

Dr. Elizabeth Johnson spoke to the issue of the coordination of efforts. She spoke about CABI's 
market survey that is currently underway; and she invited members to participate in the survey. 
Through CABI the Crop Protection Compendium was developed with data pest lists from 
different countries which can be accessed by plant health specialists. 

Mr. Wayne De Chi spoke to issues in capacity building. He would like UWI to step forward to 
assist with training. He asserted that APHIS efforts are limited by what can be accessed in the 
Region. 

Dr. Barbara Graham spoke to the absence in the Caribbean Region of a programme approach to 
seeking of funds for CISSIP, or for aspects related to CISSIP. When needs are presented to 
development partners they need to know what they can support. A results oriented approach is 
needed to let the development partners know why they should support a proposal. Development 
partners need to see both country and Regional priorities. Every two years the FAO meets with 
its Member States to develop the FAO Biennial Work Programme and Budget. Even though 
invasive species has been a high priority in CFCS meetings since 2003, and even though CISSIP 
was formulated in 2006, no organization or country in the Caribbean has proposed aspects of 
CISSIP or components of safeguarding against invasive species for inclusion in the FAO 
Biennial Work Programme and Budget. Participants in this Symposium, we need to urge 
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officials within each country to consider these points in developing their safeguarding 
programme and, if necessary, to press FAO to include their safeguarding needs in the FAO 
Biennial Work Programme and Budget. It is already too late for the 2010-2011 Biennial Work 
Programme and Budget, but now is the time to prepare to influence the 2012-2013 Work 
Programme and Budget. 

The development of a strategic framework must also be done so that development partners may 
know how to support this safeguarding programme for the Caribbean. This she said should help 
reduce constraint resources. 

Ms. Margaret Kalloo acknowledged the need for a programme approach regarding the CISSIP. 
She stated that the Caribbean Agriculture Health and Food Safety Agency (CAHFSA) -if it had 
been realized- would have determined the work programme to strengthen AHFS and not only 
with respect to IAS, but also to indigenous pathogens and pests and food safety generally. 
However there were constraints which would have made the CAHFSA agency unsustainable. 
Therefore, to address this issue the CARICOM secretariat was given the mandate to assume 
some functions of CAHFSA. Nevertheless a holistic programme is needed and the Secretariat is 
now considering how to create one that would be informed by CISSIP. 
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SESSION 3: EMERGING INVASIVE SPECIES AND PATHWAYS OF THEIR 
INTRODUCTION 

REPORT ON THE TECHNICAL WORKING GROUP ON GIANT AFRICAN SNAIL 

Mr. Michael James1 and Ian H. Gibbs2 

1 Senior Agricultural Officer, Plant Protection, Ministry of Agriculture and Rural Development, 
Barbados. Phone: 246-428-4150; Fax: 246-428-7777 
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2Entomologist, Plant Protection, Ministry of Agriculture and Rural Development, Barbados. 
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INTRODUCTION 

The giant African land snail, Achatina fulica, is both a threat to agriculture and to human health 
(carrier of the rat lungworm, Angiostrongylus cantonensis, which may cause meningitis in 
humans). The giant African snail is one of the most damaging snails in the world. It feeds on 
more than 500 different species of plants, including amaranth, banana and plantain, breadfruit, 
broccoli, blimbi and carambola, cabbage, cauliflower, cassava, cocoa, coffee, papaya, peanut, 
rubber, and most varieties of beans, peas, cucumbers, melons, okra, onion, sweet potato, taro, 
tea, teak, tobacco, tomato, vanilla and yam. This large snail grows up to 20 cm in length and 12 
cm in the maximum diameter of its shell. The giant African snail originated in coastal East 
Africa (Kenya and Tanzania), and has become widely established throughout south Asia, on 
many islands in the Indian and the Pacific Oceans, including the Hawaiian Islands. Also the pest 
has spread to Somalia, Ethiopia, Morocco and Brazil. Robinson (2002) listed the order of 
appearance of A. fulica in the West Indies as follows: "Cascade aux Ecrevisses, Basse-Terre, 
Guadeloupe (1984), spreading to Sainte Anne, Grande Terre (1987); Morne Rouge, Martinique 
(1988); St. Lucia (2000); Barbados (2000)." The island of Saint Martin has been infested since 
1995. It is believed that the Dutch side, Saint Maarten, became infested shortly thereafter 
(APHIS, 2009). 

Robinson (2002) described the life cycle of A. fulica as follows: "Snails reach sexual maturity in 
less than a year (assuming no delays due to hibernation or aestavation), and can live for up to 
nine years, although three to five years is more normal. Reciprocal copulation, typically lasting 
six to eight hours, must occur to produce viable eggs. Eggs are laid in clutches of 10 to 400 eggs 
within 8 to 20 days of copulation, usually in nests excavated in the soil, but sometimes among 
leaves and stones on the ground surface. Repeated laying of egg clutches can occur from a single 
mating, as the sperm is stored in each snail. The frequency of egg-laying depends on the local 
climate, particularly according to the duration and frequency of the rainy seasons; periods of 
drought will prevent or delay feeding activity and reproduction. Therefore, according to the 
climate, individuals can lay up to 500/year in Sri Lanka, up to 300/year in Hong Kong, and well 
over 1000/year in Hawaii and Calcutta, India. Upon emerging from the eggs, the hatchlings will 
consume their eggshells, as well as unhatched siblings and surrounding organic detritus, 
remaining underground for five to 15 days. Once out of the nest, the young snails continue to 
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feed on organic detritus and preferred host plants, remaining fairly close to the nest for a couple 
of weeks. After this time, they will range further afield, each individual ultimately establishing a 
home range within two months, feeding primarily on plants at night and returning to roost before 
dawn. Animals whose shells measure between 5 and 30 mm in length appear to cause the most 
damage to plants. Food preferences depend on the availability of plant species. Larger snails 
continue to feed on plant material, but also become increasingly detritus-feeders as they age." 

Giant African snails have also been observed to feed on rat carcases (Figure 1), which may have 
significance with respect to the epidemiology of hooknoses. 

Figure 1. Giant African snail feeding on the carcass of a dead rat. 

Moreover, Robinson (2002) advised: "It should be noted that this species is highly adaptable to a 
wide range of environments, modifying its life cycle to suit local conditions. Its life history 
should therefore be studied wherever it appears to have become established, so that control and 
eradication strategies can be developed." 

ACTIONS OF THE TECHNICAL WORKING GROUP ON THE GIANT AFRICAN SNAIL 

The Technical Working Group on Giant African Snail (GAS TWG) was appointed by the 
Caribbean Plant Health Directors Forum and the Working Group met on 2-3 July 2008 in 
Barbados. 

The main objectives of this first meeting were: 
1. To establish the Technical Working Group on Giant African Snail 
2. Review the generic terms of reference of Technical Working Groups 
3. Set the work programme for the Technical Working Group on Giant African Snail 
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Figure 2. Night time hunt for giant African snail in Barbados 

Tasks and Achievements. A number of areas of responsibilities were determined and assigned to 
MS and organizations. Most of these obligations were fulfilled as reported to the Caribbean Plant 
Health Directors Forum and to Member States. The following achievements are especially 
noteworthy: 

• Revision of Terms of Reference (TOR) for adoption by Plant Health Directors 
Country updates submitted 
Update of infested countries - to date only Trinidad and Tobago has been added 
Compilation of reference material is ongoing -some posted to D-groups 
Public awareness information sent to the D-group coordinator 
The Pest Risk Assessment (PRA) done by USDA has been posted 
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The population dynamics of the snail is being studied Dr. Angela Fields of the University 
of the West Indies Cave Hill Campus, Barbados. Dr. Fields found that rats feed on the 
giant African snail, and that rat populations increase in localities where the snail's 
population is dense. Since leptospirosis may be contracted by exposure to rat urine, the 
relationship between the population dynamics of the snail is of practical consequence. 
A report of current research being undertaken and on use of the human resource capital of 
the region for assistance to member states has been submitted by Dr. Angela Fields, 
UWI, as well as on the . 
Training in field identification of snails was carried out in Antigua and Barbuda by UWI 
and USD A/APHIS. 

CONTROL MEASURES 

In Barbados the molluscide metaldehyde is being used. It is available as bait pellets, soluble 
powder or liquid suspension. 

• Blitzem® Pellets: bait pellet 1.5% 
• Deadline® Pellets: bait pellet 4.0% 

Meta-metaldehyde: soluble powder 100% 
Murphy® Slugit liquid: liquid suspension 20% 

The Programme is being redesigned in order to employ more environmentally friendly control 
measures such as the following: 

• Iron phosphate based baits 
• Hand collecting and crushing/incineration 
• Drowning in salt water 
• Using lime 

The Ministry of Agriculture and Rural Development in Barbados has instituted a bounty of 50 
cents per pound of live giant African snails. The response from the general public has been 
encouraging. Collected giant African snails are burnt to destroy the snails and their eggs (Figure 
3). During the period, April - June 2009, 19 tons of giant African snails GAS were burnt. 

REGIONAL DISTRIBUTION OF THE GIANT AFRICAN SNAIL (GAS) 

Currently the following Caribbean islands have infestations of this invasive species: Barbados, 
Guadeloupe, Martinique, St. Lucia, Dominica, Antigua and Trinidad 

CONSTRAINTS 

The major constraint in coping with the giant African Snail is the inadequate amount of time that 
Ministry of Agriculture employees can reallocate from other pressing duties to devote to 
combating the giant African snail. Thus this threat cannot be met within currently available 
manpower resources. 
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RECOMMENDATIONS OF THE TECHNICAL WORKING GROUP 

At the 2nd meeting of the Caribbean Plant Health Directors Forum, the GAS TWG recommended 
to the Plant Health Directors that: 

• The revised TOR of the GAS TWG be adopted (which was done), and that 
The Giant African Snail (Achatina fulica) be made a notifiable pest and be placed on the 
Regional Priority Pest list. 

Figure 3. Burning collected giant African snails in a pit in Barbados. 
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ABSTRACT. At the first meeting of the Plant Health Directors of the Caribbean Community 
(CARICOM) held during the period 23rd - 25th to April 2008, it was agreed to establish several 
technical working groups to address the issues relating to various pests of importance to the 
region. 

The meeting of CARICOM Technical Working Group on Tephritid Fruit Flies was held 
in Georgetown, Guyana during the period 16th " 17th September 2009. The general objective of 
this group is to safeguard the Caribbean from the threats and/or the impacts of introductions, 
economic damage and spread of Tephritid Fruit Flies through investigation/research and the 
provision of advise on all matters related to these fruit flies. 

Several tasks were assigned to Member States and Organizations, most of which have 
since been fulfilled and reported at the Second Meeting of CARICOM Plant Health Directors 
held during the period 4th - 5th March 2009. 

Achievements include a compilation of a list of existing confirmed species; identification 
of newly introduced species; a listing of species outside the region which pose a threat to the 
region; determination of species existing within the region which pose a threat to non-infested 
Caribbean countries; determination and recommendation of systems for prevention, management 
and/or eradication at the ports of entry and the field; keeping up-to-date with new methods of 
identification, spread, control and eradication; making recommendations on emergency 
preparedness for outbreaks; and advising on public awareness. 

KEYWORDS: Tephritid fruit flies, CARICOM, Technical Working Group, species 

INTRODUCTION 

The first meeting of the Plant health Directors of the Caribbean Community (CARICOM) was 
held in Georgetown, Guyana during the period April 23-25, 2008. Several technical working 
groups were established to address the issues relating to pests of importance to the region. These 
groups were to investigate, advise and make recommendations on matters related to pests for 
consideration of CARICOM Council for Trade and Economic Development (COTED).Present at 
the meeting were (CARICOM) group member countries and organizations including 
USD A/APHIS, CARDI, CCS, CABI, FAO and IICA. The Technical Working Group on 
Tephritid Fruit Flies was one of the groups established. 

The general objective of this group is to safeguard the Caribbean from the threats and/or the 
impact of introductions, economic damage and spread of Tephritid fruit flies through 
investigation/research and the provision of advice on all matters related to these fruit flies. A 
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meeting of the CARICOM Technical Working Group on Tephritid Fruit Flies was held in 
Georgetown, Guyana during the period September 16-17, 2008. 

TASKS AND ACHIEVEMENTS 

Several areas of responsibilities were determined and assigned to Member States (MS) and 
organizations. Several tasks were assigned to Member States and Organizations. Most of the 
assigned tasks have since been fulfilled and reported upon at the Second Meeting of CARICOM 
Plant Health Directors held in Georgetown, Guyana, during the period March 4-5, 2009. Some 
of these are as follows: 
1. There was a compilation of a list of confirmed species in each member state. 
2. Anastrepha obliqua was listed in all Member States except Cayman Islands. 
3. Those Member States with several species of Tephritid Fruit Flies were Guyana, Jamaica, 

Suriname, and Trinidad and Tobago. 
4. Fruit Flies Species listed for Guyana include: Anastrepha obliqua, Anastrepha striata, 

Anastrepha ethlea, Anastrepha sorocula, Anastrepha fraterculus, Anastrepha serpentina, 
Anastrepha interupta, Anastrepha distincta and Bactrocera carambolae. 

5. Species listed for Jamaica include: Anastrepha obliqua, Anastrepha striata, Anastrepha 
ocresia, Anastrepha murrayi, Anastrepha sp. nr. Nigrifascia Stone, Anastrepha 
cryptostrepha, and Zonosenata minuta Bush. 

6. Species listed for Suriname include: Anastrepha obliqua, Anastrepha striata, Anastrepha 
serpentina, Anastrepha distincta, Anastrepha antunisi, Anastrepha pickeli and 
Bactrocera carambolae. 

7. Species listed for Trinidad and Tobago include: Anastrepha obliqua, Anastrepha 
fraterculus, Anastrepha striata, Anastrepha serpentina, Anastrepha antunisi, Anastrepha 
amita, Anastrepha infuscota, Anastrepha spatulata and Anastrepha acris. 

8. A listing of species found outside the region, which pose a threat to the region was 
developed and includes Ceratitis capitata, Bactrocera dorsalis and Anastrepha ludens. 

9. Another of the noted achievements was the use of human resource capital of the region to 
assist Member States. This included workshops for the training of staff in field 
identification and trapping of fruit flies in Tobago, July 7-11, 2008 and in Cayman 
Islands, January 27-30, 2009. 

The benefits derived from the training were the establishment of five trap lines by trained staff 
on Grand Cayman Island. These trap lines were at lower valley, George Town, West Bay North 
side and East end areas. Also four trap lines were established by trained staff in Tobago in 
Scarborough, Crown Point, Windward and Mason Hall areas. Trained staff in Tobago 
intercepted and identified fruit flies caught in traps between July and December 2008. Fruit flies 
caught were five Anastrepha obliqua, twenty-seven Anastrepha striata, and fifty-four 
Anastrepha serpentina. 
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Because of the training conducted, an additional benefit was a link with experts from Trinidad 
and Tobago and USDA/APHIS to discuss and develop an emergency response plan for fruit flies 
for Cayman Islands. 

FUTURE WORKS OF THE WORKING GROUP ON TEPHRITID FRUIT FLIES 

Future works include development of manuals and fact sheets on Tephritid fruit flies and 
continued training in field identification and trapping of Fruit flies provided to Member States 
upon request. 

ACKNOWLEDGEMENTS 

The Technical Working Group on Tephritid Fruit Flies acknowledges the financial and technical 
support of the USDA/APHIS and the technical support of the partner organizations, CCS, 
CARDI, IICA and FAO. 

124 



Proceedings of the Caribbean Food Crops Society. 45(1): 110- 116. 2009 

AMBROSIA BEETLE AND LAUREL WILT THREAT TO AVOCADO PRODUCTION 
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ABSTRACT. This article describes and provides preliminary estimates of the potential 
economic losses that could result from an incursion of the recently discovered exotic laurel wilt 
disease caused by Raffaelea lauricola, in the main avocado (Persea americana) growing area of 
Florida. Estimates are provided for both the direct losses as well as the indirect or "spillover" 
losses that could occur across the rest of the regional economy. The Impact Analysis for 
PLANning (IMPLAN) input-output multipliers were used in assessing the regional impacts. The 
results of the investigation indicate the direct loss to the industry in terms of lost sales, property 
damage, and increased management costs could range from $356 million in a do-nothing 
situation to about $183 million if damage control measures were 50% effective. If increased 
management costs and decreased property values are ignored, the adverse impact on the regional 
economy could range from $54 million in a do-nothing situation to $27 million in a case in 
which the treatments result in only a 50% reduction in avocado production. 

KEY WORDS: Ρ er sea americana var. americana, P. americana var. guatemalensis, P. 
borbonia, P. palustris, Sassafras albidum, Redbay ambrosia beetle, Xyleborus glabratus, 
Raffaelea lauricola, input-output model 

INTRODUCTION 

The Florida avocado industry is the state's second-largest fruit industry (behind citrus) and is 
worth $12 to $14 million a year at the farm gate [U.S. Department of Agriculture-National 
Agricultural Statistics Service (USDA/NASS), 2008] and $30 million at the wholesale end of the 
market (P. Brooks, personal communication). Approximately 85% of the crop is sold outside of 
the state; hence the industry brings in a substantial amount of "new dollars" to the state, resulting 
in an overall economic impact of approximately $54 million per annum (authors' calculation; 
Degner et al., 2002). The industry consists of about 7,400 acres, representing about 60% of the 
total tropical fruit crop acreage, and there are about 951 growers (USDA/NASS, 2008; 
USDA/NASS, 2009; J.H. Crane, personal communication), and 35 registered avocado handlers 
and shippers (P. Brooks, personal communication). Of these 7400 acres, over 98% are located in 
southwest Miami-Dade County. The range in orchard size is from 0.1 to over 500 acres 
(USDA/NASS, 2009). However, 93% of the farms are 15 acres or less and the most common 
farm size category is one to five acres. Most of these growers depend on proceeds from the sale 
of avocados to supplement their incomes and, many of the packing-houses depend almost 
exclusively on the fruit to ensure that their operations remain financially viable. In several of the 
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packing-houses, the revenue from handling avocados accounts for between 60% and 80% of the 
total revenue and subsidizes the handling of other less common tropical fruits (C. Wheeling, 
personal communication). Moreover, avocado orchards provide many non-food benefits, 
including the retention of open space/landscaping, well-field recharge, recreation/relaxation, 
wildlife habitats, canopy cover, and carbon sequestration. 

Florida grows primarily West Indian (Persea americana var. americana) and Guatemalan (P. 
americana var. guatemalensis) -West Indian hybrid avocados which are smooth skinned, large 
(up to 40 oz), with less oil and fewer calories than the 'Hass' avocado produced in California, 
Chile, and Mexico (Crane et al., 2007). 

In 2002, the redbay ambrosia beetle (Xyleborus glabratus) (Fig. 1) along with its fungal 
symbiont the laurel wilt pathogen (Raffaelea lauricola) was introduced through Port Wentworth, 
Georgia on contaminated solid wood packing material (Fredriech et al., 2008; Harrington et al., 
2008). Within two to three years of the initial introduction extensive mortality of native redbay 
(Persea borbonia) trees (Fig. 2) had occurred in Georgia and South Carolina. In 2005, humans 
spread the pest into north Florida and by 2007 central Florida (Reid et al., 2009). In 2007, the 
first avocado (Persea americana) tree to succumb to the pest occurred in a home landscape in 
Jacksonville (Duval County), Florida. Testing in pest infested areas and under greenhouse 
conditions confirmed avocado susceptibility to the redbay ambrosia beetle attack and damage or 
death from laurel wilt (Mayfield et al., 2008). The pest continues to move slowly southward 20 
to 30 miles per year toward the main avocado production area through the native areas via native 
host plants such as redbay and swampbay (P. palustris) and through the urban landscape via 
dooryard avocado trees (Crane et al., 2008; Koch and Smith, 2008). However, it could arrive 
much sooner if introduced inadvertently in contaminated host wood (e.g., redbay firewood, BBQ 
smoke-wood, etc.). Because the mortality from laurel wilt is so high (>92%) and the discovery 
that avocado is attacked by the redbay ambrosia beetle the continued existence of the Florida 
avocado industry is now being seriously threatened (Fraedrich et al., 2008; Mayfield, 2007). 

The Florida's avocado industry demise could have catastrophic consequences for the 
surrounding regional and local economies. Besides direct losses to the state's avocado industry in 
terms of lost incomes and decreased property values, such an event would generate a chain 
reaction impacting sales, income, and employment in other related sectors. The purpose of this 
article is to describe and provide preliminary estimates of the potential losses that could result 
from an incursion of this disease in the main avocado production area in Florida. 

LAUREL W I L T DISEASE: ECOLOGY, DAMAGE CAUSED, AND MANAGEMENT OF THE DISEASE. 

Laurel wilt is a vascular disease that causes extensive mortality of plants in the Laurel family 
(Lauraceae). There are numerous species within Lauraceae in Florida, examples include forest 
species such as redbay (Persea borbonia) and sassafras (Sassafras albidum) and major 
commercial fruit crop species such as avocado (Mayfield et al., 2008; Ploetz and Pena, 2007). 
The laurel wilt pathogen is new to the United States and was first recognized on redbay trees on 
Hilton Head Island in 2002. Since then, the disease has spread to over 55 counties in Florida, 
Georgia, and South Carolina. In 2006, the disease was found as far south as Indian River County 
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and has now spread to Okeechobee, Oceola and St. Lucie counties (Ploetz and Pena, 2008; Reid 
et al., 2009). 

The disease is vectored by the redbay ambrosia beetle. The adult female beetle carries the spores 
of the laurel wilt pathogen in special mouth pouches called mycangia and on its body (Fraedrich 
et al., 2008; Harrington et al., 2008). As the beetle bores into the wood, forming galleries, the 
spores on its body inoculate the tree, germinate, and grow, colonizing the outer wood (sapwood) 
of the host plant. The fungal hyphae block water and nutrient movement in the sapwood, 
resulting in eventual tree death (Crane et al., 2008). The entire process from the time the tree 
becomes infected with the fungus until death may occur in a matters of weeks to several months 
(R. Ploetz, pers. comm.). 

At present there are no registered fungicides for avocado that will control laurel wilt. While 
chemical and or biological control of the vector might be a possibility, not much research 
currently exists to implement the program prior to infestation (Koch and Smith, 2008). Chemical 
control of the beetle is complicated by the fact that adult beetles must be in the immediate area of 
aerial sprays to be controlled. Detection of adult beetles involves setting and monitoring traps 
and/or scouting orchards. Once the adult beetles bore into the trees, contact insecticides are 
ineffective (Crane et al., 2008). In the absence of any effective control treatments, growers are 
being advised to be vigilant for signs of the beetle. Limbs and branches of redbay ambrosia 
beetle infested trees in commercial orchards should be removed and burned. The initial (first one 
to two) trees that have died from an infestation should be cut and burned since chipping will not 
kill the developing larvae. Trees that are not destroyed by burning remain a source of new beetle 
infestations. However, tree destruction may not inhibit the spread of the beetle once established 
in an area nor be an economically viable solution to prevent further infestations. In addition, as a 
type of prophylactic treatment, growers have been advised to apply permethrin [Permethrin 3.2 
AG (Arysta LifeScience North America Corp., Cary, NC) or Permethrin 3.2 EC (Helena 
Chemical Co, Collierville, TN)] to the trunk and major limbs from the base of the tree up to 
about 10 feet above the ground from March through December (Crane et al., 2008). However, 
the effectiveness of this treatment has not been tested. 

MATERIALS AND METHODS 

Quantifying the potential losses that could result from the establishment of the pest and disease 
involves estimating both the direct losses to the avocado industry as well as the indirect or 
"spillover" losses that could occur across the rest of the regional economy. The direct losses 
include lost income, lower property values, and increased management costs, including the costs 
associated with surveillance, plant protection products, the loss/disposal of infected trees and 
potentially replanting with tolerant or resistant avocado cultivar. Quantifying the secondary or 
indirect impacts is much more challenging and requires the use of an input-output model such as 
IMPLAN (Miller and Blair, 1985). Such a model describes the regional economy as represented 
by a set of input-output tables that capture the supply and demand of goods and services in the 
region, as well as the interdependencies among industries and the associated primary factors of 
production. For example, the avocado industry has a direct requirement for inputs such as 
chemicals, fertilizers, and packing materials from the manufacturing sector as well as 
transportation services. These sectors, in turn, require energy inputs to process their products and 
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transport goods. A decrease in the production of avocados reduces the demand for products and 
services, and labor, which consequently reduces incomes earned by households, thus creating an 
adverse ripple effect throughout the regional economy. 

The total regional economic impacts were estimated using IMPLAN input-output multipliers, 
which capture the indirect and induced effects of sales outside Florida that bring new money into 
the region and generate further economic activity as these dollars circulate through the economy 
(Minnesota IMPLAN Group Inc., 2007). Indirect effects represent the economic activity 
generated by businesses that furnish inputs to the agricultural and natural resource industries, 
while induced effects represent the impacts of industry employee household spending. 

Because both the ambrosia beetle and laurel wilt disease are recently identified pests and the 
exact effects of treatments cannot be known for certain three scenarios were investigated based 
on the worse case estimates provided by scientists researching and managing the disease 
complex. The first scenario is the base case or the do-nothing scenario. The second considers the 
situation in which production loss equals 75%, implying that the treatment were only 25% 
effective. And the third scenario is when production loss equals 50%. 

RESULTS AND DISCUSSION 

Direct cost estimates. The direct cost estimates are broken down into three categories: potential 
sale losses, decreased property values, and increased management costs. 
Potential sale losses. As noted earlier, at the wholesale level of the marketing chain, the industry 
is worth approximately $30 million dollars. Given that in the worst-case scenario the disease 
could destroy the entire industry, this value represents the maximum potential sales loss (Table 
1). 

Table 1. Estimates of the direct economic loss associated with potential infestation of the redbay 
ambrosia beetle - laurel wilt pathogen of the avocado orchards in South Florida. 

75%) reduction 50% reduction 
Item Baseline ($) in production ($) in production ($) 
Industry sales loss (avocados) 30,000,000 22,500,000 15,000,000 
Decline in property value 326,250,000 244,688,000 163,125,000 
Increased management costs - 4,525,000 4,525,000 
Total value 356,250,000 271,713,000 182,650,000 

A 75%) or 50% reduction in the crop could result in potential sale losses of $22.5 million 
and $15 million, respectively. Since it is felt that any such declines could easily be replaced by 
imports, no price adjustments were made for the expected decrease in the domestic production of 
avocados. Countries such as the Dominican Republic produce similar cultivars and could within 
a short time increase avocado exports to the United States. In addition, some consumers would 
likely switch to another variety, namely Hass avocados, which is the main variety produced in 
California and imported from Mexico and Chile. Not included in the estimates are anticipated 
declines in sales of nursery avocado plants (in the presence of the vector and disease, growers 
would be less likely to replace trees that are damaged or killed) or the lost value of non-
commercial avocado production. 
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Decline in property value. Real estate is a major asset on the farm sector balance sheet, 
accounting for nearly 79% of the total U.S. farm assets in 2000 [U.S. Department of 
Agriculture/Economic Research Service (USDA/ERS) Briefing Room, 2008], Several factors 
contribute to the market value of farmland, including speculation, land productivity, and the 
profitability (net income) of the commodity grown. Avocado production is one of the most 
profitable orchard crops grown in South Florida. Evidence of this is the fact that more than one-
half of the tropical fruit crop acreage is planted with avocados. A disease such as laurel wilt in 
the absence of any effective treatment would most likely result in decreased property values. 

To assess the potential for a decline in property values, we estimated the value of an established 
orchard based on the estimated value of a mature avocado tree using the internet tool Tree Value 
Analysis (Evans et al., 2006). Using the tool and inserting a farm gate price of avocado of 45 
cents per pound [2007 average growers price, U.S. Department of Agriculture, National 
Agricultural Statistics Service (USDA/NASS)] and the cost for stump removal of $150 per tree 
(Evans, 2006), we estimate the value of a mature tree to be around $500. At an estimated value 
of $500 for a mature tree and an assumed planting density of 87 trees per acre (University of 
Florida/Institute of Food and Agricultural Sciences, Florida Cooperative Extension Service 
recommendation), the additional value of an established avocado grove is assessed at $43,500 
per acre. With the current market value for an avocado grove being in the vicinity of $80,000 per 
acre, such a decline would represent a loss of approximately one-half of the market value. If the 
total bearing acreage of 7400 acres were to be destroyed, property values could plummet by 
about $326 million (Table 1). In other words, growers could see their net worth (wealth) 
decreased by this amount, which could affect their willingness to continue producing avocados. 
This estimate does not include non-bearing or immature orchards, which most likely would also 
be affected if the disease were to become established. 

Increased management costs. Avocado production in South Florida has not had any major 
insect pests threatening production. To date, the main threats faced by South Florida growers 
have been damages caused by tropical storms and phytopthora (root rot due to flooding). 
Consequently, the amount spent on pest and disease management and cultural controls as an 
overall percentage of operating costs has been relatively small compared with other fruit crops 
such as mango (C. F. Balerdi, personal communication). However, the situation could change 
with the imminent arrival of vectors and the associated pathogens. 

As discussed earlier, currently there are no registered fungicides for avocado that will control 
laurel wilt disease. Moreover, control or eradication of the main vector, ambrosia beetle, is 
complicated due to its ability to bore into tree trunks and branches. Consequently, growers have 
been advised to adopt a prophylactic approach involving the periodic application of permethrin 
which costs about $105 per gallon. Based on the recommended rate of application of about 8 
ounces per acre, the material cost per acre per treatment is $6.50. Adding to this the application 
cost (labor and machinery) of $12 per acre, the total cost per application is estimated at $18.50 
per acre. Given that, on average, 18 applications would be required per annum, the production 
cost could be expected to increase by $333 per acre, per annum. Assuming all the avocado 
acreage (7400) was treated at this rate, the total cost would increase by about $2.5 million per 
annum (Table 1). To this amount is added the sum of $2 million, estimated as the additional cost 
that would be incurred, given the increased frequency of monitoring/scouting for the disease. In 
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calculating the latter, it is assumed (based on the advice of industry experts and extension agents) 
that scouting would have to be conducted at least nine times per annum, at an estimated total cost 
of $270 per acre. This estimate does not include the costs of burning infected branches and trees 
or the cost for insect trap and kill systems. Research is in progress with short-term and long-term 
strategies for control. These include chemical control of redbay ambrosia beetle and laurel wilt 
pathogen, development and use of repellents and trap and kill insect systems, and eventually 
biological control. 

Secondary cost/Economic impact. Input-output (I-O) analysis is used to estimate the economic 
effects of the laurel wilt disease on the regional economy. Specifically, Table 2 shows the base 
line situation (Scenario 1) as well as the economic impacts resulting from a 75% (Scenario 2) 
and 50%) (Scenario 3) reduction in output, respectively. Only the direct sales losses (not the 
assessed decline in property values or increased management costs) are used in the analysis to 
reflect the changes in the value of avocado production. As shown in Table 2, under Scenario 2, a 
75%) reduction in avocado production would cause the direct sales output to fall from $30 million 
to $7.5 million (implying sales losses of $22.5 million). 

Table 2. The potential economic impacts of the redbay ambrosia beetle - laurel wilt pathogen on 
the regional economy of South Florida. 

Scenario 1-
base case ($) 

Scenario 2 -
75%) reduction 
in production 

Scenario 3 -
50%) reduction 
in production 

Industry sales (output) $30,000,000 $7,500,000 $15,000,000 
Share of avocado production shipped 
outside the production area 85% 85% 85% 

Output impacts $54,266,259 $13,566,565 $27,133,130 
Employment impacts (jobs) 546 136 273 
Labor income impacts $19,674,272 $4,918,568 $9,837,136 
Indirect business tax impacts $1,862,415 $465,604 $931,208 

The reduced sales output reduces the demand for inputs from other related sectors, such as the 
chemical, fertilizer, and transportation sectors (indirect impact), causing such sectors to cut back 
on their economic activity. As shown in Table 2, the consequence of such actions is that total 
sales (economic impact of all related sectors) would decline by $40.5 million, from $54 million 
to about $13.5 million. The reduction in economic activity due to the reduction in avocado 
production as well as in related input sectors causes a reduction in the demand for labor. Table 2 
shows that employment (in terms of full-time equivalent) would decline from 546 to 136 
employees. The reduction in the need for labor resources reduces the amount paid out, causing 
labor income to fall from $19.7 million to under $5 million. Government revenues in the form of 
indirect business tax would also be adversely affected, as the contraction of the regional 
economy due to reduced sales would cause indirect business taxes to fall from $1.9 million to 
$0.5 million, a decline of 73%. 
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A similar situation would be observed under Scenario 3, except that the magnitude of the 
economic impact would be less severe but still substantial. Hence, under the latter, the total 
economic impact would decline from $54 million to $27.1. 

CONCLUSIONS 

Together, the ambrosia beetle and laurel wilt disease represent a serious threat to the Florida 
avocado industry. Currently, the industry generates an economic impact of over $54 million 
dollars, contributes to agricultural labor employment, and is a source of $1.9 million annually in 
government revenue. Many of the local packing-houses depend almost exclusively on this crop 
to sustain their operations. Moreover, the industry contributes several non-market benefits such 
as open space retention, canopy cover, carbon sequestration, and wildlife habitats. 

Our economic analysis indicates that if laurel wilt disease were to become established in the 
main avocado industry, the direct loss to the industry in terms of lost sales, property damage, and 
increased management costs could range from $356 million in a do-nothing situation to about 
$183 million if damage control were 50% effective. If increased management costs and 
decreased property values are ignored, decreased economic activity (economic impact) could 
range from $54 million in a do-nothing situation to $27 million in a case in which the treatments 
result in only a 50% reduction in avocado production. Notwithstanding, the impact on the local 
economy would be catastrophic if this occurred since many of the packing-houses would no 
longer be able to remain in business. Even if the packing-houses that remain in operation became 
major redistributors for imported produce, this would not be enough to offset the losses to the 
local economy. Moreover, our assessment of the impacts can be considered as conservative 
since no attempts were made to quantify the economic impact on non-commercial production 
(residential infestations) avocados or forest trees, scenic beauty/esthetics, wildlife, and the loss of 
canopy cover. 

In light of the magnitude of the impacts and potential losses associated with laurel wilt disease, it 
is imperative that efforts be made to implement policies that will decelerate the spread of the 
disease and to invest in research that could lead to the development of effective treatments and 
preserve the industry. 
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Fig. 1. Redbay ambrosia beetles (Xyleborus glabratus): a) comparison of beetle to a penny; b) 
top view and c) side view of a single adult. (Credits:IPMimages.org and http://edis.ifas. 
ufl.edu/HS391) 

Fig. 2. Impact of Laurel Wilt Disease on Red Bay (Persea borbonia) 
Photo credits: http://www.fl-dof.com/publications/fh_pdfs/Laurel_Wilt.pdf) 
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DISCUSSION 

Mr. Bruce Lauckner. The floor is now open for discussion. Okay I see four people have their 
hands up. Please ask your questions quickly First Mr. Gibbs, and then Mario Fortune. 

Mr. Ian Gibbs. This is a question for Gilly Evans. Are there any natural enemies known of the 
redbay ambrosia beetle, Xyleborus glabratal 

Dr. Edward "Gilly" Evans. I will ask Aaron Palmateer to answer your question. 

Dr. Aaron Palmateer. I am a plant pathologist. Dr. Jorge Pena is the entomologist on this 
project. I know that Jorge is attempting to learn about the biological control of the redbay 
ambrosia beetle, but I am not familiar with the status of this effort. 

Dr. Edward "Gilly" Evans. Yes, one of the problems we have been having is the control of the 
vector. The beetle is so small that you can scarcely see it; and if just one of them bores into the 
tree, disease will ensue. Jorge Pena is planning a trip to Taiwan to search for natural enemies. 

Editor's Note: The above question was forwarded to Dr. Jorge E. Pena and he stated: "We have 
identified local predators and there are some parasitoids that have been collected from trunks that 
are infested with the redbay ambrosia beetle. That being said, from collection of these organisms 
to know if they are indeed predators or parasitoids of the beetle is a long way. We are trying to 
fill that gap in knowledge, but this is a slow process." Dr. Pena is seeking T-STAR funding to 
pursue this work. Dr. Richard Baranowski, with some funding from Dr. Pena, will travel to 
Thailand in the spring of 2010 and search for parasitoids of related Xyleborus species. ARS, 
USDA may send a specialist to search for natural enemies in Bangladesh. Dr. Pena has found a 
willing cooperator in Taiwan but work cannot proceed unless grant funds are secured. 

Mr. Ian Gibbs. Gilly, do you know if the ambrosia beetle has secondary hosts among the plants 
used in the ornamental trade? As you know there is a substantial trade of ornamentals between 
Florida and the Caribbean, including the Cayman Islands where we are from. Do you know if the 
regulatory agencies have examined the protocols to help prevent exporting this pest? 

Dr. Edward "Gilly" Evans. I know the ambrosia beetle attacks plants in the laurel family 
(Lauraceae), which includes sassafras, swamp bay, red bay, camphor, cinnamon, spicetree, etc. 
Redbay is used as an ornamental in Georgia, but I do not know which other species in the Laurel 
Family are involved in the ornamental trade. Even in California, there is a bay, the California 
Bay, which is a host of this beetle. 

Dr. Mario Fortune of Trinidad and Tobago. Are the pathogen's spores spread by the beetle? 
Are they spread by wind and rain? 

Mr. Edward "Gilly" Evans. Aaron can answer this better than I can. Aaron, please. 

Dr. Aaron Palmateer. The beetle is the primary vector. However we have conducted 
inoculation studies which show that the fungus in the absence of the beetle can cause disease. At 
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least theoretically, the disease can be spread without the aid of the beetle. Infected redbay logs 
used throughout Georgia and Florida as firewood mediate the spread of the disease. Another 
thing, just in case you may be interested, there are several fungicides highly effective against the 
pathogen. The problem is that with fruit-bearing trees there are limitations on which fungicides 
can be used. We are attempting to identify a highly effective fungicide that can be used with 
fruit-bearing avocadoes. 

Unidentified participant. If the pathogen were introduced onto an island without the beetle to 
vector it, would the disease die out? Are there circumstances where the disease would die out 
even if both vector and pathogen had been introduced? 

Dr. Aaron Palmateer. The fungus sporulates readily within the cavities in the beetle's jaws 
(mycangia) and the spores germinate when they are deposited in the sapwood. Probably the 
conditions for sporulation are very specific, so it is not likely that spores would be produced 
outside of the beetle or in the absence of the beetle. However conditions under which the disease 
would spontaneously die out are not known. 

Unidentified participant. Does the beetle feed on both living and dead wood? 

Dr. Aaron Palmateer. The beetles are strongly attracted to stressed trees. Healthy trees are not 
attractive to the beetle, and it has been shown that healthy trees are not very susceptible to beetle 
attack. Dying and dead trees are highly attractive to them. 

Unidentified participant. Would this information have application to shipping pallets and 
ISPM 15, -the International Phytosanitary Measure required for treating pallets, wood crates and 
dunnage used in international trade? 

Dr. Edward "Gilly" Evans. Well, yes. It is believed that the ambrosia beetle was transported to 
the USA in wood packaging material shipped from southeast Asia to Georgia. 

Unidentified participant. I have a question for Dr. Meissner. How is it possible that unwanted 
wood boring insect species are being intercepted at ports of entry in wood packing materials that 
has been treated in accordance with ISPM 15? 

Dr. Heike Meissner. Well there are a number of possible reasons and combinations of reasons. 
Firstly it may be that the treatment applied to meet the ISPM 15 standard is not fully effective 
against certain species of pest. Secondly, it may be that the treatment applied to meet the ISPM 
15 standard is not always applied properly or uniformly to the whole pallet. Thirdly, intentional 
fraud may occur in that the IPPC Seal of Compliance may have been stamped on the wood even 
though it was not treated. Fourthly the wood may have become infested after it had been treated 
and stamped. Which of these reasons applies most frequently may be a function of the country of 
origin and the species of pest. 
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ABSTRACT 

This paper describes methodology and findings of the Caribbean Pathway Analysis, a 
collaboration between the Caribbean Invasive Species Working Group (CISWG) and the United 
States Department of Agriculture, Plant Protection and Quarantine (USDA-PPQ). The objective 
of this study was to contribute to an improved understanding of pathways of plant pest 
movement into and within the Greater Caribbean Region (GCR), thereby helping CISWG to 
enhance its Caribbean Regional Invasive Species Intervention Strategy (CRISIS) for preventing 
the introduction and spread of exotic pests. 

The pathways investigated in this study were: human movement, airline passenger baggage, 
international mail, maritime traffic, hitchhikers, wood packaging material, forestry, propagative 
materials, and natural spread. 

The relative importance of each pathway as a source of pest introduction was rated. The pest risk 
associated with human movement, hitchhikers, wood packaging materials, forestry, and 
propagative materials was rated as very high. The pest risk associated with airline passenger 
baggage, mail, and natural pest spread was rated as medium. None of the pathways assessed was 
rated as low-risk. The study resulted in approximately one hundred recommendations for 
improved safeguarding in the GCR. 

The complete report can be accessed online at: http://caribbean-doc.ncsu.edu/index.htm. 

KEY WORDS: Caribbean countries, invasive pests, pathway risk analysis 

INTRODUCTION 

The objective of the Caribbean Pathway Analysis was to improve our understanding of pathways 
for plant pest movement into and within the Greater Caribbean Region (GCR), thereby helping 
the Caribbean Invasive Species Working Group (CISWG) enhance its Caribbean Regional 
Invasive Species Intervention Strategy (CRISIS) for preventing the introduction and spread of 
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exotic pests. This analysis was carried out by a team of risk analysts of the Center for Plant 
Health Science and Technology (CPHST) of the United States Department of Agriculture, Plant 
Protection and Quarantine (PPQ) at the request of and in collaboration with CISWG. CISWG 
contributed regional expertise and the infrastructure for coordination of the project, and PPQ 
supported project-related travel and provided risk analysts to manage the project, conduct 
research, and write the final report. 

The project team defined pathway (risk) analysis as an evaluation of available information with 
the goal to describe (qualitatively or quantitatively) the risk of pest introduction associated with 
one or more pathways and to develop recommendations for the mitigation of this risk. A pathway 
is defined as 'any means of pest introduction' (IPPC 2009). The evaluation of information may 
range from the statistical analysis of data to the qualitative discussion of observations. Typically, 
no data are collected specifically for a pathway analysis, so that this type of study usually has to 
rely on already existing data that have been collected for other purposes (e.g. government pest 
interception records, data on traffic volumes, etc.). Pathway analysis also makes use of the 
published scientific literature, government reports, and expert opinion. 

The scope of the study included all terrestrial, non-vertebrate plant pests, such as insects, mites, 
plant pathogens, nematodes, mollusks, and weeds. The Greater Caribbean Region was defined as 
all countries bordering the Caribbean Sea, plus the Bahamas, Turks and Caicos, El Salvador, 
Suriname, Guyana, and the U.S. Gulf States (Florida, Alabama, Mississippi, Louisiana, and 
Texas). The pest risk to Mexico, Venezuela, and Colombia was not addressed in this report, 
though these countries were considered as sources of pest risk. 

PPQ and CISWG intended for the project to be highly inclusive, providing all governments of 
the GCR the opportunity to contribute and to benefit. For this purpose, a multi-tiered 
communication structure was established. Contact persons were designated in several countries 
of the GCR to facilitate communication with their respective governments, contribute insights 
and review drafts of the report. The project lead provided monthly progress updates by e-mail to 
these designated contacts, as well as to CISWG and to numerous other interested individuals and 
organizations. A project webpage was set up to communicate project objectives and timelines. 
All progress updates, drafts available for review, and important background and contact 
information were also posted on this webpage. To ensure transparency, drafts of all report 
chapters were distributed for comment. All comments received were carefully considered and 
addressed as appropriate. The main findings of the study were summarized on a total of nine 
poster presentations at the Caribbean Food Crops Society Meetings of 2008 and 2009, and input 
was solicited from meeting participants. 

The project team visited several key locations in the GCR, where they met with representatives 
of the National Plant Protection Organizations, as well as producers, researchers, and other 
subject matter experts. The sites visited were in Costa Rica, Guatemala, Puerto Rico, Martinique, 
Jamaica, Trinidad and Tobago, and Miami, Florida. 

The results of this study are documented in a 280-page report. The report is divided into nine 
chapters, each of which discusses a different pathway of pest introduction and rates the relative 
risk associated with it (Table 1). The pathways discussed are: human movement, airline 
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passenger baggage, international mail, maritime traffic, hitchhikers, wood packaging material, 
forestry, propagative materials, and natural spread. 

RESULTS 

Human movement. People moving between areas may contribute to the spread of plant pests in 
several different ways: by carrying a pest on themselves, their clothing, or their shoes; by 
transporting a pest on objects brought to or taken from an area (e.g., handicrafts made from plant 
parts), or by intentionally collecting and transporting a pest to a different location. The GCR is 
the most heavily-toured region in the world (Padilla and McElroy 2005), receiving over 30 
million airline passengers per year (UNWTO 2008). As such, the GCR is greatly exposed to the 
risk of pest spread mediated by the movement of people. 

Visitors to the GCR arrive by either air, water, or land, with air travel being the predominant 
mode of transportation (UNWTO 2006). Once in the GCR, it is not uncommon for visitors to 
move between countries, or "island-hop", which is accomplished by regional flight, small boat, 
ferry, or cruise ship (Garraway 2006). Cruise passengers frequent several climatically similar 
destinations within a short time and may spread viable pests to new habitats within the GCR. The 
current trends of ecotourism and private island experience lead to the visitation of an increasing 
number of natural and agricultural areas, thus exacerbating this problem. Cruise ship passengers 
are also likely to visit local markets, where they may buy handicrafts or other items that could 
harbor plant pests. Cruise ship, ferry, and small boat passengers are often not subject to 
phytosanitary inspections. While the inspection of airline passenger luggage is common, it is not 
sufficient to meet ever-increasing passenger volume. 

Also of concern are yachts and other small vessels that operate in the Caribbean Sea, commonly 
entering countries without being subject to inspection. These vessels may easily move quarantine 
materials (e.g., agricultural cargo, plants for planting, souvenirs made of plant parts) between 
countries and may thus play an important role in facilitating the spread of pests. 

The Central and South American nations of the GCR each share land borders with at least two 
other countries. These borders often can be crossed without agricultural inspection. Migrant farm 
workers cross some of these land borders in large numbers and may facilitate the regional spread 
of plant pests into agricultural areas. Local merchants and commuters also move between 
adjacent countries on a regular basis. 

The obvious potential of humans to facilitate pest spread, coupled with the large number of 
travelers into and within the GCR and an overall insufficient level of phytosanitary safeguards 
warrant a very high rating for the pest risk associated with this pathway. 

Airline Passenger Baggage. The large majority of all visitors to the GCR arrive by air 
(UNWTO 2006). Because passenger baggage may contain pests (e.g., snails, weed seeds) or 
items (e.g., fruits or vegetables) that are infested with pests, international air travel has long been 
considered a pathway for the movement of pest organisms. 
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The plant quarantine material (QM) approach rate is the percentage of passenger groups arriving 
at the border with plant QMs in their luggage. We calculated an overall plant QM approach rate 
of 3.75% (95%) binomial confidence interval: 3.70-3.81%) for travelers to the United States and 
estimated that there were some 1.7 million arrivals of plant QM to the United States during 2006. 
We also estimated that only one quarter of these plant QMs were intercepted by phytosanitary 
inspections, leaving about 1.3 million plant QMs entering the United States undetected. The 
plant QM approach rate is not the same as the pest approach rate, because not all QMs are 
infested with pests. We estimated that some 375,000 pest arrivals to the United States may have 
escaped detection by phytosanitary inspection in 2006. Plant QM approach rates were 
significantly different between travel reasons. The category "Visit Family" was associated with 
the highest QM approach rates, followed by "Visit Friends". Those self-identified as tourists had 
considerably lower approach rates than both of the preceding categories. 

Although only data collected at U.S. ports of entry were available, these data are applicable to 
other countries in the GCR, given that countries within the region receive visitors from many of 
the same countries of origin. Most travelers into the GCR countries are tourists, representing a 
comparatively low pest risk. Most visitors to the GCR come from Canada, France, Germany, and 
the United Kingdom (The Royal Geographical Society 2004). The plant QM approach rates 
associated with these countries of origin were 8%, 4%, 5%, and 4%, respectively. The QMs 
intercepted from these countries were largely apples, bananas, and oranges. We estimated that 
over 1 million plant QMs associated with airline passenger baggage may occur in the GCR 
annually; however, because most visitors to the GCR are tourists from cooler-climate countries, 
and because the majority of QMs found on this type of traveler were fruits for consumption, we 
rated the risk associated with passenger baggage as medium. 

International mail. Public and private postal services are an often overlooked pathway through 
which plant pests may move into and within the GCR. Using data on international mail entering 
the United States, we summarized the types of plant QMs and plant pests detected in both private 
and public mail and calculated the corresponding QM approach rates. 

Particularly common categories of high-risk items found in mail were: seeds, pods and other 
propagative plant materials, soil, wood, and wood items. Propagative materials represented about 
one third of the intercepted materials. Fresh fruits, vegetables, and other fresh plant parts, 
presenting a lower pest risk than propagative materials, were also detected. Of packages sent to 
the United States by private mail from world-wide and GCR origins, 0.13% and 1.6%, 
respectively, contained plant QMs. Of packages sent by public mail, 1.1% from world-wide and 
0.8%) from GCR origins contained plant QMs. 

Excluding the United States, we estimated that the GCR may annually receive between 13,876 
and 14,943 mail packages containing plant materials or plant pests, with up to 4,000 of these 
being propagative materials. Further, international mail may be the pathway of choice for 
intentional smuggling of high-risk items. We rated the pest risk associated with the mail pathway 
as medium. 

Maritime traffic. Within the context of maritime traffic, there are several ways in which pests 
may be spread: with commodities (both agricultural and non-agricultural); as hitchhikers on the 
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vessels and containers used for transport; and in the wood packaging material accompanying the 
commodities. 

The pest risk associated with hitchhikers and wood packaging material is discussed in detail in 
the following sections. The pest risk associated with commodities, quite possibly the most 
important threat, is difficult to characterize due to the diversity of commodities arriving from all 
over the world, each having a different level of pest risk associated with it. Given that 1) legally 
traded commodities already receive attention from importing countries, and 2) a general process 
for commodity pest risk assessment is in place (IPPC, 2007) and must be commodity- and origin-
specific to be meaningful, we did not focus on specific commodities as pathways. Rather, we 
provide a general overview of maritime traffic in the GCR, pointing out some issues of special 
concern. For example, we compared Caribbean ports with regard to cargo container volume 
handled and discussed small vessel activity for select countries. 

Located at the intersection of maritime trade routes between North and South America and the 
Eastern and Western hemispheres, the GCR serves as a crossroads for international maritime 
trade. Maritime traffic has increased in the GCR, and this trend is expected to continue. The 
United States is a primary trading partner in the GCR, providing almost half of all container 
traffic. However, trade with other countries, including those in Asia and Europe, has recently 
expanded. At several ports, the establishment of transshipment services accounts for much of the 
increase in sea container traffic. Transshipped containers may facilitate the introduction of exotic 
pests, as pests have been known to contaminate the exterior and/or interior of shipping containers 
(Gadgil et al., 2000; Gadgil et al., 2002). 

Intra-Caribbean trade involves the movement of cargo within the GCR, either of products made 
in the GCR or foreign products being transshipped from one Caribbean port to another. Tracking 
of intra-Caribbean trade is difficult, with the level of regulation and record-keeping varying 
greatly between countries. Boerne (1999) estimated the number of small ships [less than 150 
gross tonnage (GRT)] operating throughout the insular Caribbean to be around 200; and the 
United Nations estimated that around 400 to 500 small vessels (including vessels larger than 150 
GRT) operated throughout the GCR (Boerne, 1999). No pest risk ranking was estimated for the 
maritime traffic pathway. 

Hitchhikers. A hitchhiker pest is a plant pest that is moved, not on a host commodity, but either 
with a non-host commodity directly or on/in the conveyance (airplane, maritime vessel, etc.) or 
shipping container used for transport. 

There are numerous accounts of pests being associated with cargo containers or conveyances 
(e.g., Schreiner, 1991; MAF, 2003). In addition, hitchhiker pests are intercepted at U.S. ports of 
entry on containers, aircraft, and maritime vessels. Based on a 23% approach rate estimated by 
Gadgil et al. (2000), 1.6 million of the 7 million containers arriving annually at maritime ports in 
the GCR may be contaminated with one or more plant pests. Locations in the GCR that may 
receive more than 90,000 contaminated containers annually are: the Bahamas, Costa Rica, 
Jamaica, Netherlands Antilles, Panama, Puerto Rico, and the U.S. Gulf Coast states. 
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Pest survival in or on conveyances and containers depends on the combined effects of various 
environmental conditions and the duration of transport. Most insects, mollusks, weed seeds, and 
plant pathogens are likely to survive modern transit conditions and are likely to escape detection. 
Several reports suggest that pests, such as the Asian gypsy moth, Lymantria dispar (Lepidoptera: 
Lymantriidae), the red imported fire ant, Solenopsis invicta (Hymenoptera: Formicidae), or 
terrestrial mollusks (Cowie and Robinson, 2003), have been introduced into new areas as 
hitchhiker pests. 

Dobbs and Brodel (2004) estimated that 10% of all foreign cargo aircraft and 23% of cargo 
aircraft from Central American countries arrive in MIA with live plant pests of quarantine 
significance. Unfortunately, routine quarantine inspections are likely to miss a large portion of 
the arriving pests. Factors impeding pest detection include: 1) the level of available staff and 
resources compared to the immense number of incoming conveyances and containers, 2) the 
limited amount of time available for inspection, and 3) the large size and complex shape of 
conveyances. 

Given the large number of conveyances and containers continuously circulating throughout the 
GCR and the numerous impediments to intercepting hitchhiker pests, we rated the pest risk 
associated with the hitchhiker pathway as very high. 

Wood packaging material. Wood packaging material (WPM), used worldwide in shipments of 
both agricultural and non-agricultural products, is believed to have been the pathway for 
numerous pest introductions worldwide, including the pine wood nematode, Bursaphelenchus 
xylophilus (Tylenchida: Aphelenchoididae), in Portugal and the Asian longhorned beetle, 
Anoplophora glabripennis (Coleoptera: Cerambycidae), in the United States. We analyzed U.S. 
government data to evaluate the potential role of WPM in the introduction of exotic pests into the 
GCR. 

WPM is usually produced from low-grade wood of various tree species, often with bark and 
portions of the vascular cambium remaining (Clarke et al., 2001). Damaged or otherwise 
unusable pallets are disassembled for the wood parts, which are then re-used to build or repair 
pallets (Bush et al. 2002). Because WPM is routinely re-used and re-conditioned, the origin of 
the WPM is not necessarily the same as the origin of the commodity with which it is being 
imported. 

To reduce the pest risk associated with WPM worldwide, the International Plant Protection 
Convention (IPPC) developed ISPM #15 (IPPC 2006), an international standard which 
prescribes either fumigation or heat treatment for all WPM. Within the GCR, only Colombia, 
Costa Rica, Cuba, Dominican Republic, Guyana, Guatemala, Honduras, Nicaragua, and the 
United States require treatment of WPM in accordance with ISPM #15 (Foreign Agricultural 
Service 2008). 

U.S. data on maritime and air cargo, collected between September 16, 2005 (start date for U.S. 
enforcement of ISPM #15) and August 15, 2007, showed that 75% of maritime cargo shipments 
(agricultural and non-agricultural combined) contained WPM, and several countries in the GCR 
had high percentages of export cargo with WPM. 
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Live pests enter with WPM in spite of full enforcement of ISPM #15, as demonstrated by 
interceptions at U.S. ports of entry of wood-boring beetles of the families Curculionidae 
(Scolytinae) and Cerambycidae, as well as a variety of other insect orders, weeds, and mollusks. 
The presence of these pests in or on WPM may be due to any one or a combination of the 
following reasons: ineffectiveness of the required treatments, incorrectly applied treatments, re-
infestation of the wood after effective treatment, or fraudulent use of the stamp/seal. The 
majority of pests associated with WPM are likely to go undetected due to the large amount of 
WPM entering, the difficulty of inspecting WPM, and the fact that port-of-entry inspections of 
WPM often are limited to a verification of the required seal, rather than a search for pests. 

Numerous pests intercepted on or in WPM have already established in the GCR, but many still 
have potential to spread further within the region. A list of WPM pests with establishment 
potential in the GCR is provided. Each new establishment of these or similar pests anywhere in 
the world can increase the opportunities for further infestation of WPM and pest entry into the 
GCR. 

Due to the immense quantity of WPM moving in international trade, the impossibility of 
determining the origin of the wood, and the difficulty of WPM inspections, we rated the pest risk 
associated with this pathway as very high. 

Forestry-related pathways. Trade of forest products is a vital industry for several countries in 
the GCR. The forests of the GCR, encompassing over 92 million hectares, have immense 
ecological, economic, and social importance. The susceptibility of these forests to exotic pest 
invasions is being increased through the effects of logging and other human activities. 

Forests are at risk not only from pests introduced on forest products, but also from pests entering 
with agricultural commodities or through other pathways. At the same time, pests originating in 
forest areas may represent a threat not only to forests, but also to fruit plantations or agricultural 
production. Important pathways for the introduction and movement of exotic plant pests related 
to forestry include wood products, non-wood forest products, and trees for planting (e.g., for 
reforestation or in agroforestry systems). 

Non-wood forest products include food products (e.g., nuts, berries, leaves, and edible fungi), 
medicinals, bamboo, and craft products. Christmas trees have been a vehicle for the introduction 
of exotic pests into the GCR, and dried bamboo has served as a pathway for insect pests from 
China. Some of the trees introduced for use in commercial plantations become invasive species 
(Richardson, 1998). An extensive list of pests associated with forestry products which have the 
potential to move into and within the GCR is provided. 

Due to the large number of pests associated with forest products, the fact that many of the most 
serious invasive pests around the world are forest pests, and the difficulty of mitigating pest risk 
on wood products we rated this pathway as very high risk. 

Plant propagative material. Plants for planting, also referred to as nursery stock, include any 
plant materials capable of and intended for propagation. As a pathway, propagative material 
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overlaps with the other pathways discussed in this report in that propagative material may be 
transported by any of the available methods: airplane, cargo vessel, small boat, truck, public or 
private mail, as well as in the baggage of ship, plane or bus passengers, or in personal vehicles. 

Reasons for importing propagative material include its use in commercial nursery and 
horticulture production, uses in agriculture and forestry, plant exploration by botanical gardens 
or researchers, or planting as ornamentals or food plants by private collectors or homeowners. 

The trade of propagative material is a multi-billion dollar industry. The United States, together 
with Canada, Israel, and the Netherlands, are the major exporters of nursery products to the GCR 
(UNComtrade, 2008). 

Propagative material may present a phytosanitary risk in two ways: 1) by introducing exotic 
plant pests, and 2) by becoming invasive in the introduced range. 

Based on the available information, it is obvious that pests, and especially plant pathogens, are 
being spread between countries through both legal and illegal movement of propagative 
materials. This is occurring on a global scale. Due to the relative ineffectiveness of inspection 
and the unavailability of diagnostic tests for pathogens, there is no easy solution to this problem. 

The propagative material pathway allows invasive plants to enter the GCR, where they often 
cause considerable economic and environmental damage. The large majority of invasive exotic 
plant species in the GCR were deliberately introduced. There are almost no safeguards in place 
to prevent these introductions, as none of the GCR countries require weed risk assessments as a 
condition for importation of propagative materials. 

The propagative material pathway presents major safeguarding challenges, and the pest risk 
associated with this pathway should be considered very high. 

Natural spread. In order to assess the significance of dispersal as a pathway, here we address 
the following questions: 1) Does natural spread of pests occur into and within the GCR? 2) What 
are the prevailing spatial and temporal patterns of natural spread? 3) What types of pests are 
most likely to engage in long distance dispersal? 

A substantial level of wind-assisted dispersal and migration of plant pests between the various 
islands and continents in the GCR is occurring on an on-going basis. Meteorological mechanisms 
operate throughout the GCR to facilitate such movement, and many plant pathogens, plants, and 
arthropods possess biological mechanisms for wind dispersal. 

The Windward Islands form a gateway into the GCR. This is where the predominantly 
westward-bound winds first contact land after traveling across the Atlantic Ocean. Several 
significant plant pathogens have been carried from Africa into the GCR via wind dispersal 
(Purdy et al., 1985), and swarms of locusts reached the Windward Islands from Africa on at least 
one occasion (Richardson and Nemeth, 1991). The prevailing winds tend to carry pests from the 
Windward Islands (the most southeasterly islands) to the Leeward Islands, the Greater Antilles 
and on to the southeastern United States. 
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Hurricanes have played a role in the spread of the Asian citrus canker bacterium Xanthomonas 
axonopodis pv. citri (Xanthomonadales) (Irey et al., 2006) and bean golden mosaic virus 
(BGMV) in the GCR. Although hurricanes can be a factor in the dispersal of some insect groups 
(Torres, 1992), the force of storms likely kills or injures most insects during this transport 
process. Tropical storms with less intense wind strength may be a more likely mechanism for 
movement of plant pests. We rated the pest risk associated with this pathway as medium. 

CONCLUSIONS 

Our study resulted in the following general conclusions: 
Phytosanitary inspection of incoming cargo, conveyances, and travelers is inherently 
ineffective and should not be seen as the cornerstone of safeguarding. 
Government resources are not sufficient for effective safeguarding, even in the wealthiest 
countries. 
The entry of exotic pests into and their spread within the GCR is to a large degree 
inevitable. 

Over 100 general and pathway-specific recommendations for improved safeguarding were 
developed as part of this study. The most important recommendations fall into the following 
categories: 

Preparedness and rapid response. Based on the premise that exotic pests will enter GCR 
countries, it is important that: 1) research and methods development are closely tied to 
phytosanitary needs, 2) appropriate emergency action plans for eradication and control are 
developed in anticipation of pest entry, and 3) producers and the general public are continuously 
educated and tied into a communication infrastructure that allows for quick action when 
necessary. 

Early warning, biosurveillance, and pest information systems. Effective safeguarding is 
strongly dependent on up-to-date and readily available pest information. Biosurveillance (the 
systematic collection, analysis, and distribution of newly emerging pest information), as well as 
the development of regional pest databases, and of an effective region-wide communication 
structure are therefore of paramount importance. 

Regional coordination, planning, and communication. Invasive species are a problem that 
must be addressed on a regional level. Effective coordination, planning, and communication 
among the GCR countries will promote successful safeguarding as well as facilitate more 
efficient use of limited funding and human resources. 

Education and involvement of the public. Even the wealthier governments of the GCR cannot 
provide sufficient resources to significantly reduce the introduction of exotic species into the 
region. One way of increasing available resources may be to involve the public as an active 
participant in safeguarding activities. There are numerous unexplored opportunities for involving 
the populations of GCR countries in volunteer activities, such as checking traps, reporting 
detections of unusual pests, educating tourists and business owners, and cleaning conveyances. 
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An extensive public education campaign on invasive species would be part of any such 
approach. 
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Table 1. Summary of risk ratings by pathway. 

Pathway Risk Rating 
1 Human movement very high 

2 Airline passenger baggage medium 

3 Mail medium 

4 Maritime trade (no rating) 

5 Hitchhikers very high 

6 Wood packaging material very high 

7 Forestry-related pathways very high 

8 Propagative materials very high 

DISCUSSION 

Unidentified participant. I have a question for Dr. Meissner. How is it possible that unwanted 
wood boring insect species are being intercepted at ports of entry in wood packing materials 
certified as having been treated in accordance with ISPM 15? 

Dr. Heike Meissner. Well, there are a number of possible reasons and combinations of reasons. 
Firstly, it may be that the treatment applied to meet the ISPM 15 standard is not fully effective 
against certain species of pests. Secondly, it may be that the treatment applied to meet the ISPM 
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15 standard is not always applied properly or uniformly to the whole pallet. Thirdly, intentional 
fraud may occur in that the IPPC Seal of Compliance may have been stamped on the wood even 
though it had not been treated. Fourthly the wood may have become infested after it had been 
treated and stamped. Which of these reasons applies most frequently may be a function either of 
the country of origin and/or the species of pest. 

Mr. Ian Gibbs. Dr. Meissner, I found your report to be very interesting. I noted that you 
reported the high incidence of interceptions of infested materials coming into the United States 
from the Caribbean, but not the other way around. Why? 

Dr. Heike Meissner. The reason is that we could analyze only data made available to us. We 
had the data needed to calculate the approach rates of infested shipments coming to the United 
States from Caribbean ports of export. We were not provided with specific and detailed data that 
could be used to calculate the approach rates of infested materials shipped from the USA to 
Caribbean ports. 

Mr. Bruce Lauckner. Several attempts were made to obtain the needed data from Caribbean 
countries but these attempts were not very successful. 

Dr. Waldv Klassen. Heike, in 1999 the National Plant Board recommended that there should be 
much more effort spent on mitigation in the fields were commodities are grown and at the ports 
of export so that we would have clean product arriving at the port of import. What is the current 
APHIS attitude now toward that recommendation? 

Dr. Heike Meissner. Well, I think that it is still an important recommendation, and APHIS has 
recently assisted a number of countries in implementing a "clean stock program". 
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SYNTHESIS AND THE WAY FORWARD 

Gene V. Pollard, Lecturer, Department of Food Production, Faculty of Science and Agriculture, 
The University of the West Indies, St Augustine, Trinidad and Tobago. Phone: (+) 868 662 2002 
Ext 4055 (Office) /1 868 484 8861 (Cell). E-mail: gene.pollard(a),sta. uwi. edu; 
geeveep(a),gmail. com . 

Opening Session 

1. Participants were welcomed by Dr. David Sammons and several other speakers gave 
brief overviews and welcome statements. 

2. Dr. Hermia Morton-Anthony, Permanent Secretary, Ministry of Agriculture, gave the 
feature address on behalf of Mr. Cedric Liburd, Minister of Agriculture. She emphasised both the 
need for more rapid response to IAS introductions and the critical requirement for relevant 
research to inform policy decisions. Dr. Morton-Anthony also questioned whether there were the 
requisite skills and resources in the Caribbean region to tackle IAS problems. The problem of the 
several separate activities which are often taking place was highlighted and the need for a greater 
convergence of such activities and initiatives. [MEANING NOT CLEAR] 

The Nexus of Agricultural Diversification, Food Security and Safeguarding Against 
Invasive Alien Species 
3. Ms. Carol Thomas, IICA, gave a presentation on the above topic in which she described 
the inter-relationships of agricultural diversification, food security and safeguarding initiatives. 

4. She identified several constraints and related these to the binding constraints identified in 
the Jagdeo Initiative for the re-structuring of agriculture in the CARICOM Region. Some of 
these constraints included: 

• The need for improved legislative frameworks and regulations 
• Improved human capacity 
• Increased physical resources e.g. diagnostic laboratories 
• Implementation of the 4 Ps as earlier described by the Minister of Agriculture, Trinidad 

and Tobago, viz. Political will; strategic Partnerships; sustainable Programmes; and 
Private sector participation. 

Presentation by Mr. Arnold Piggott, Minister of Agriculture, Trinidad and Tobago 
5. Minister Piggott emphasised the critical importance of the impact of IAS on trade and 
suggested that this was one approach which might be utilized to gain wider official support and 
understanding of the problem of IAS. He also indicated the need for several actions to deal with 
the impact of IAS and their mitigation and included: 
• national, regional and international collaboration to deal with the impact of IAS, 
• the evaluation of risk posed by these organisms, 
• development of action plans by countries, and 
• the development and implementation of modern national legislation. 
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Panel Discussion: Towards Achieving Enhanced Food Security through Combating 
Invasive species: Issues and Perspectives 
6. Several speakers addressed the above topic from different perspectives viz. national 
perspectives (Barbados; St Kitts and Nevis); regional research and development institution 
(CARDI); major trading partner perspective (USDA, APHIS); regional academic institution 
perspectives (UWI and UF); institutional perspective (CARICOM Secretariat); French Overseas 
Departments and Territories perspectives (Martinique). 

7. Several common and unique points of view came out of this discussion: 
• The time had come for less discussion and greater implementation of activities; there was the 

need to get the issue of IAS onto the front burner of regional action; 
• There was need for greater buy-in by governments which could perhaps result in greater 

commitment of increased resources; 
• The need for the development and implementation of action plans to slow the entry and 

subsequent management of IAS; 
• More effective spending of research funds (research for the public good); 
• Greater research efforts in the ecology, biology, management and economics of IAS; 
• Better meshing of ecological and economic research efforts to ensure that any management 

systems developed and implemented for IAS will result in sustainable and stable ecosystems 
(economics research to keep in-step with ecological research); 

• The paucity of human and physical resources in the region to adequately tackle the problem 
of IAS; and 

• The need for updated legislation and relevant regulations. 

Panel Discussion: Towards Coordinated Regional Safeguarding 
8. The panel comprised representatives from regional groupings and institutions such as the 
CARICOM Plant Health Directors, the Caribbean Regional Diagnostic Network (CRDN), 
CARICOM Chief Veterinary Officers Group, CIRAD, CaribVet; and the APHIS Greater 
Caribbean Safeguarding Initiative. 

9. Several suggestions for the strengthening of regional safeguarding initiatives were 
proposed such as: 
• Developing harmonized surveillance strategies in keeping with international standards; 
• Sharing of technical expertise through, for example, working groups; 
• Need for a strong coordinating mechanism; 
• Effective mechanism for information sharing; and 
• Need for putting sustainability systems in place. 

Panel Discussion: Prospects for Strengthening Caribbean Safeguarding Initiatives and for 
Supporting them through CISSIP (Caribbean Invasive Species Surveillance and 
Information Program) and Coordinated Regional Safeguarding 
10. The critical need to develop a plant health network comparable to Caribvet for animal 
diseases was indicated. The fledgling Plant health Directors group was seen as one mechanism to 
fulfill this need. 
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11. USDA-APHIS Greater Caribbean Safeguarding Initiative (GCSI) was described. Such an 
initiative was seen as providing a critical need to prevent the introduction and spread of high risk 
plant pests into the GCR and to strengthen relationships between safeguarding efforts in various 
countries. 

12. An update of the Caribbean Regional Diagnostic Network (CRDN) project was provided. 
The CRDN currently links the Dominican Republic, Florida, Haiti and Puerto Rico and the 
meeting was informed of the expected expansion of the project by the addition of five more 
countries in the near future. 

13. PANDOeR (PAthologies Nouvelles: Detection, Observations, eRadication) project in the 
French West Indies was described and proposed as another optional tool for surveillance and 
diagnostics in the region. 

14. There was a suggestion that there needs to be a programmatic approach to the issues of 
mitigation of IAS problems in the region. It was reported by FAO, for example, that in their 
recent biennial planning exercises with CARICOM countries, not one country had indicated any 
of the several issues discussed at the current symposium as urgent and critical for support and 
assistance. Without such identification of critical problems in the planning phase, organizations 
like FAO and others would find it difficult to support future ad hoc requests for assistance. 

Conclusions 
14. Some general conclusions arising out of the discussions included: 

i. Need for governments buy-in; this might best be achieved by linking the issue of IAS 
to trade impacts. Without such governmental support, it was recognized that there 
would be too little inflow of necessary funding to adequately address the problem of 
IAS and to implement the required measures to mitigate the impact of IAS. The issue 
of IAS needs to be put on the front burner. 

ii. Need for updated national legislative frameworks (legislation and associated 
regulations) in most, if not all Caribbean countries to address the issue of invasive 
alien species. 

iii. There was need for more relevant research (research for the public good) to include 
more effective spending of research funds, greater research efforts in the ecology, 
biology, management, economics of IAS and a better meshing of ecological and 
economic research efforts. 

iv. The critical need for effective national and regional diagnostics systems was 
emphasized. Hence, the urgency to support the CRDN project which is moving ahead 
of all other initiatives. 

v. Urgent need to develop/strengthen human capacity through relevant training 
programmes, e.g., in PRA (pest risk analysis), surveillance techniques, etc. 
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vi. The Region needs to take a programmatic approach to the IAS problem so as to 
facilitate technical assistance organizations (and others) to include possible assistance 
projects in their planning cycles. 

DISCUSSION 

Bruce Lauckner: I think that was an excellent summary and that Gene captured most of the 
important points. Does anybody think that Gene missed anything very, very important? No, in 
which case we can now ask Dr. Van Waddill to give his closing remarks and to adjourn this 
symposium. 

Gene Pollard. Before Dr. Waddill makes his closing remarks let me underscore something that 
Dr. Barbara Graham said yesterday. Dr. Graham strongly recommended that we take a more 
programmatic approach to strengthening safeguarding measures. She pointed out that in the 
materials submitted by various countries to FAO for formulating the next FAO Biennial Budget 
for the Region, there was no mention of anything related to the invasive species issues, which we 
have been discussing for the past day and one-half. Now why that is so I do not know, but it is a 
very important point that she has made. I think it needs to be put on the table. 

Now perhaps we as a group, through CISWG, should make contact with the countries in 
the Region and make certain that some of the important points we have discussed get onto their 
national agendas. We need to urge officials within each country to consider these points in 
developing their safeguarding programme, and if necessary, to press FAO to include their 
safeguarding needs in the FAO Biennial Work Programme and Budget; the next of which will be 
the 2012-2013 Work Programme and Budget. 
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Our first invasive species symposium was held in Grenada at this meeting some seven years ago; 
and who would have thought that this would become an annual event? Certainly not me! I think 
some of us who have worked on invasive species have gotten used to our work being on the back 
burner. So I was surprised that this topic has stayed on the agenda all these years. But perhaps I 
should not have been, since a few days before I left for this meeting there appeared on the front 
page of the Miami Herald no less than three articles dealing with invasive species. 

The first had to do with the ambrosia beetle and the threat it poses to the avocado industry in 
south Florida; the second had to do with the old world climbing fern and the efforts by the 
USDA to bring it under biological control; and the third -and the one the caught the public 
attention the most- had to do with the reticulated Burmese python and its establishment in 
Everglades National Park. 

One of our U.S. Senators from Florida, Senator Bill Nelson, was in a Congressional Committee 
Meeting a few weeks ago, and he was in a room much like this one and with a long table much 
like this one. He rolled out the skins of two reticulated Burmese pythons in front of his 
colleagues, and it made the national news! Perhaps it's what we need to get this invasive 
species on the front burner. But when he rolled out the skin of a 17 feet long python, everyone 
became very interested because this python grows to a length of 25 feet. So everyone began to 
get worried about their pets, their dogs and their family members; thus this suddenly became 
very important to the general public. 

So I would like to congratulate the Board of CFCS for their forward thinking in keeping this on 
the agenda for the last seven years. Also I congratulate the Advisory Board for helping to keep 
this on the agenda. Finally, I wish to congratulate my colleague Waldy Klassen, who really 
pushed this along with many of you. But the reason I mention Waldy is that the award he 
received last night is justified recognition for what he has done in working with many of you to 
keep invasive species on the agenda. This Symposium is adjourned. 

Thank you all for participating! 
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THE BOARD OF DIRECTORS OF THE CARIBBEAN FOOD CROPS SOCIETY DEDICATES 
OUR 45™ ANNUAL MEETING TO DR. CHELSTON W. D. BRATHWAITE 

Dr. Chelston Whitley Da Costa Brathwaite is a citizen of Barbados who is known for his 
leadership in the field of international agricultural development. He has worked in the United 
States, Italy, Kenya, Jamaica, Barbados, Trinidad and Tobago, Mexico and Costa Rica. 

He was elected Director General of IICA on November 26, 2001. At IICA he began a process of 
institutional reform aimed at developing clearly defined priorities, decentralized operations and 
an up-to-date management system. He has studied to create strategic alliances with IICA 
member states in order to improve the well being of the people of the Americas. 

He developed the document "Repositioning IICA to Face the Challenges of the 21st Century". 
Through its implementation, he has made IICA into an agency that promotes sustainable 
agricultural development, food security and the property of the rural communities. 

Dr. Brathwaite began his professional career at FAO in 1970. 

He worked as a researcher at the University of the West Indies (UWI) from 1971 to 1975. He 
was Teaching Professor and Principal Teaching Professor at UWI from 1975 to 1980. In 1978 
he served as external evaluator of the University of Nairobi in Kenya. 

> He began his career at IICA in 1981. 

> From 1981 to 1983 he was the Regional Specialist for Plant Health. 

> From 1983 to 1988 he was the IICA Representative in Trinidad and Tobago. 

> From 1989 to 1991 he was Adjunct Director for Operations at IICA Headquarters in 
Costa Rica. 

> From 1992 to 1994 he was Adjunct Representative for the IICA Office in Mexico. 

> From 1994 to 1997 he served as Director for Regional Operations and as a member of 
the IICA Cabinet. 

> From 1998 to 2001 he worked as the IICA Country Representative in Jamaica and as 
Director of the Program of Horizontal Operations in Agriculture for Latin America and the 
Caribbean (CARILAC), and as Advisor to the Director General for Caribbean Affairs. 

Dr. Brathwaite is a member of the Executive Board of the United World Colleges, and of the 
Montreal Conference. 

Dr. Brathwaite is a longstanding member of the CFCS. As Director General of IICA, he has 
delivered keynote addresses at the meetings held in Guadeloupe, Costa Rica and Florida. 

The CFCS is proud to recognize the contribution of Dr. Brathwaite to Caribbean Agriculture and 
to the CFCS and herby dedicates our 45th Annual Meeting to such a distinguished citizen of the 
Caribbean. 
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WELCOME ADDRESS 

45 MEETINGS WORTH OF HISTORY, CHALLENGES AND EVOLUTION 

Dr. Héctor L. Santiago, Chief Executive Officer, Caribbean Food Crops Society 

Buenos dias, bonjour, good morning! 

It is my pleasure to welcome all of you to this historic 45th Annual Meeting of the Caribbean 
Food Crops Society. I would like to extend a special welcome to our members and also 
recognize the distinguished speakers who are with us today: 

• Dr. Hermia Morton Anthony, President of the CFCS Board of Directors and Permanent 
Secretary, Ministry of Housing, Agriculture, Fisheries and Cooperatives (HAFC) of St. Kitts 
and Nevis; 

• Mr. Alistair Edwards, President of the CFCS Organizing Committee and Agricultural 
Officer (Marketing), Ministry of Housing, Agriculture, Fisheries and Cooperatives (HAFC) 
of St. Kitts and Nevis; 

• Hon. Cedric Roy Liburd, Minister of Housing, Agriculture, Fisheries and Co-operatives 
(HAFC); 

• Hon. Robelto Hector, Minister of Agriculture, Nevis Island Administration; 
• Dr. Barbara Graham, Sub regional Representative for the Caribbean, Food and Agriculture 

Organization of the United Nations; 
• Hon. R. C. Wu, Ambassador of the Republic of China (Taiwan) in St. Kitts and Nevis; 
• Hon. Senator Arnold Piggott, Minister of Agriculture, Land and Marine Resources, 

Government of the Republic of Trinidad and Tobago; and 
• Hon. Dr. Louis E. Petersen Jr., Commissioner, Department of Agriculture, United States 

Virgins Islands. 

Every year we are also honored to have with us distinguished delegates from all over the 
Caribbean Basin. I would like to recognize them this morning. 

Starting in North America: 

From North Carolina: 
• Dr. Eric Young, Executive Director, Southern Association of Agricultural Experiement 

Station Directors (SAAESD). 

From the University of Florida: 
• Dr. Van H. Waddill, Senior Center Director 
• Dr. David Sammons, Director, UF/IFAS International Programs Office 
• Dr. Thomas. A. Obreza, Associate Dean for Extension 
• Dr. Larry Arrington, Interim Senior Vice President for Agriculture and Natural Resources 

From Florida A & M University: 
• Dr. Makola Abdullah, Dean, College of Engineering Sciences, Technology and 

Agriculture 
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From the United States Virgin Islands: 
• Prof. Kwame Garcia, Associate Dean and Director Cooperative Extension Service 
• Dr. Jim Rakocy, Director, Agricultural Experiment Station 
• Dr. Lawrence Lewis, fellow St. Kittian, former Commissioner of Agriculture, and Special 

Assistant to the Provost at the University of the Virgin Islands. 
• Dr. Louis E. Petersen Jr., Commissioner, Department of Agriculture 

From the Dominican Republic: 
• Mr. César Cruz, Executive Director of the Board of Directors of the Caribbean Council of 

Higher Education in Agriculture (CACHE) 
• Ing. Manuel E. Calcano Lantigua, Dean of Agronomy and Veterinary, Universidad 

Autônoma de Santo Domingo 
• Mr. Juan José Espinal, Executive Director of the Centra para el Desarrollo Agropecuario 

y Forestal (CEDAF) 
• Dr. Modesto Reyes, Director of CENTA - IDIAF 

From Martinique: 
• Mr. Lucien Adenet, President of the Agricultural Commission of the Regional Council of 

Martinique and President of APER. 

From Guadeloupe: 
• Dr. Dominique Polti, Caribbean Regional Cooperation Representative, CIRAD 

From Trinidad and Tobago: 
• Dr. H. Arlington Chesney, Executive Director, Caribbean Agricultural Research and 

Development Institute (CARDI) 

From Guyana: 
• Ms. Desiree Field-Ridley, Trade and Economic Integration Directorate, Caribbean 

Secretariat (CARICOM) 

From Barbados: 
• Dr. Vyjayanthi Lopez, Executive Secretary and CEO, CARICOM Regional Organisation 

for Standards and Quality 

This is the first time that the CFCS celebrates this meeting on the beautiful island of St. Kitts. 
The CFCS is grateful to the government of St. Kitts and Nevis 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 "Reality and Potential of Food Security and Agricultural 
Diversification in Small Island Developing States". To address this important topic the CFCS is 
honored to have a distinguished group of individuals: 

• Dr. Barbara Graham, Representative for the Caribbean of the Food and Agriculture 
Organization of the United Nations as our Keynote Speaker. 

• The Hon. R. C. Wu, Ambassador of the Republic of China (Taiwan) in St. Kitts and 
Nevis. 

• The Hon. Senator Arnold Piggott, Minister of Agriculture, Land and Marine Resources, 
Government of the Republic of Trinidad and Tobago. 

• The Hon. Dr. Louis E. Petersen, Jr., Commissioner, Department of Agriculture, United 
States Virgins Islands. 
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The scientific program for this year's meeting is very diverse with over 80 scientific 
presentations in the areas of Economics, Food Security, Agroforestry, Nutrient Management, 
Emerging Invasive Species, Pest Management, and Crop Production. As customary, Tuesday 
will be dedicated to our forum on invasive species that pose a threat to the agricultural sector of 
our region. On Monday evening, we will enjoy a taste of the St. Kitts and Nevis culture and 
cuisine as we gather on the grounds of the Governor General's House for the traditional Cultural 
Night. The CFCS Reception and Awards Dinner will take place at the Conference Center of the 
Royal St. Kitts Hotel and Casino on Tuesday evening. Scientific posters will be exhibited in the 
St. Kitts Room, and on Wednesday night we will gather for the author's presentation and 
networking social. Concurrent with the above-mentioned activities the CFCS will also host the 
Directors Meeting of the Caribbean Agricultural Research Centers, the meetings of the Board of 
Directors of the Caribbean Council for Agricultural Education (CACHE) and PROCICARIBE. On 
Thursday, we have our customary field trips that were organized to visit a diverse array of sites 
that showcase the agricultural and tourism sectors of St. Kitts and Nevis. 

The Caribbean Food Crops Society was founded in 1963 and during our 47 years of existence 
we have held 45 annual meetings. During this period we have experienced immense changes 
in technological advancement and political upheaval. However, the CFCS has been able to 
survive, evolve and prosper, to the point that after 45 meetings we are now planning to extend 
our meetings geographically to Mexico in 2012. In the first three decades of meetings, the 
number of presentations averaged 41. During the nineties the average number of presentations 
increased to 62. In this current decade the average has blossomed to 105 presentations. We 
have made the rounds through the majority of the islands and nations of the Caribbean. In 
numerous cases we have held various meetings at the same locations. We have also held 
meetings in South, Central and North America. However, there are still a few islands and 
nations where we have not held a meeting. 

In 1985 in Trinidad and Tobago, we held our first joint meetings with the American Society of 
Horticultural Science, Tropical Region. In 2003 in Grenada, we started our joint meetings with 
the USDA T-STAR Working Group. In 2006 in Puerto Rico, we held a joint meeting with the 
Caribbean Agro-Economic Society and the Caribbean Council of Higher Education in 
Agriculture (CACHE). With your approval we plan to hold a joint meeting with the Mexican 
Agribusiness Society in 2012 near the Caribbean Coast, possibly in Cancun. For the first time, 
in 1999 in Saint Lucia, we incorporated in our program the Farmer's Forum. One of our most 
memorable meetings was in 2000, in Santo Domingo, Dominican Republic, when that nation's 
president, the Honorable Hipôlito Mejia honored the CFCS members with an official welcoming 
ceremony in the presidential palace. Mr. Mejia has been a member of the CFCS for over 30 
years. We weathered the eruption of a Volcano in Montserrat in 2003 and unfortunately one of 
our delegates passed away during our meeting in San José, Costa Rica, in 2007. In 2004 in the 
United States Virgin Islands, we held the First Meeting of PROCICARIBE and the Directors of 
the Caribbean Agricultural Research Centers. In 2008 in Miami, Florida, we awarded the first 
Miguel and Aurora Lugo CFCS Student Scholarship. 

Our society needs to evolve. Last year we established during our General Assembly Meeting 
an Ad Hoc Strategic Committee to revise, update and develop a new strategic plan to carry the 
society into the future. 
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The members of this Committee are 

• Mr. Jean Louis Diman, INRA, Chair 
• Dr. Cassel Gardner, Florida Ag & Tech. 

University 
• Dr. Harry Ozier-La Fontaine, INRA 
• Mr. Marceau Farant, INRA 

• Mr. Bruce Lauckner, CARDI 
• Dr. Thomas Zimmerman, USVI 
• Dr. Subramanian Gomathinayagam, 

University of Guyana 

We are all witnesses this morning to the dedication of our members and with their continual help 
and guidance we will move this society forward to better respond to the needs of its members 
and the agricultural sector in the Caribbean Basin. 

Table 1 presents the years, location, president, and comments related to our 45 annual 
meeting. 

Table 1. General Information regarding our 45 annual meetings. 

# Year Location President Comments 

1 1963 United States Virgin Islands Richard Bond First Annual Meeting 

2 1964 Barbados A. de K Frampton 

3 1965 Puerto Rico Hassam Azzam 

4 1966 Jamaica Hugh Miller 

5 1967 Surinam F. A. del Prado 

6 1968 Trinidad Lawrence Cross 

7 1969 Guadeloupe M. F. Gabriel 

8 1970 Dominican Republic Pedro Morales 

9 1971 Guyana H.A.D. Chesney 

10 1972 Puerto Rico Miguel Lugo Lopez 

11 1973 Barbados W. de Courcey Jeffers 

12 1974 Jamaica Hugh Miller 

13 1975 Trinidad S. Q. Haque 

14 1977 Guadeloupe/Martinique Lucien Degras 

15 1978 Surinam F. A. del Prado 

16 1979 Dominican Republic Hipôlito Mejia Future president of the D.R. 

17 1981 Venezuela Freddy Leal 

18 1982 Barbados J. Percival W. Jeffers 

19 1983 Puerto Rico Alejandro Ayala 

20 1984 United States Virgin Islands Darshan Padda 

21 1985 Trinidad and Tobago St. Claire Forde Joint Meeting 
ASHS, Tropical Region 

22 1986 St. Lucia Ira d'Aurergne 
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23 1987 Antigua Francis Henry 

24 1988 Jamaica Clarence Franklin 

25 1989 Guadeloupe Guy Anais 

26 1990 Puerto Rico Antonio Sotomayor 

27 1991 Dominica Eliud Williams 

28 1992 Dominican Republic José Miguel Bonetti 

29 1993 Martinique Xavier Merlini 

30 1994 United States Virgin Islands Kwame Garcia 

31 1995 Barbados Ronald A. Baynes 

32 1996 Honduras Wilfredo Colon First meeting in Central 
America; Dr. Alberto Beale is 
elected CEO of the CFCS 

33 1997 Puerto Rico Lucas Avilés 

34 1998 Jamaica Aaron Parke 

35 1999 St. Lucia Dunley Auguste First Farmers Forum 

36 2000 Dominican Republic Jerry Dupuy Welcome Ceremony 
Presidential Palace, Honorable 
Hipôlito Mejia 

37 2001 Trinidad and Tobago Winston Gibson 

38 2002 Martinique Xavier Merlini 

39 2003 Grenada Claris Charles Eruption Volcano Montserrat 
First Joint Meeting USDA T-
STAR Working Group; First 
Female President 

40 2004 United States Virgin Islands Kwame Garcia First Meeting of 
PROCICARIBE and Directors 
of the Caribbean Agricultural 
Research Centers 

41 2005 Guadeloupe Guy Anais 

42 2006 Puerto Rico John Fernandez Joint Meeting Caribbean Agro-
Economic Society and CACHE 

43 2007 Costa Rica José Zaglul Second meeting in Central 
America. Dr. Hector Santiago 
is elected CEO of the CFCS 

44 2008 FL, United States Jimmy Cheek First meeting in the continental 
US. The Miguel and Aurora 
Lugo CFCS Student Scholars 
is institutionalized. 

45 2009 St. Kitts and Nevis Hermia Morton 
Anthony 

Second Female President 
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KEYNOTE A D D R E S S 

THE ROLE OF THE GOVERNMENT IN STRENGTHENING THE AGRICULTURE SECTOR IN 
TRINIDAD A N D T O B A G O 

Senator the Hon. Arnold Piggott, Minister of Agriculture, Land and Marine Resources, Republic 
of Trinidad and Tobago 

> Dr. Héctor L. Santiago, Chairman, CFCS 
> Dr. Hermia Morton Anthony, President and members of the Executive of the Caribbean 

Food Crops Society 
> The Honourable Cedric Liburd, Minister of Agriculture - S t . Kitts 
> Distinguished Members of the Head Table 
> Officials of St. Kitts and Nevis 
> Representatives of Caribbean Food Crops Society 
> Representatives of the Regional Agriculture Sector 
> Members of the Media 
> My Fellow Citizens of Trinidad and Tobago 
> Ladies and Gent lemen 

Good Morning. I bring you greetings from the Honourable Patrick Manning, Prime Minister of the 
Republic of Trinidad and Tobago, who has sent greetings for a successful meeting during this 
week. 

I am truly pleased to represent Trinidad and Tobago and to reconnect with my regional 
col leagues at this distinguished gathering in picturesque St. Kitts /Nevis. The theme for this 
year's meeting - Reality and Potential of Food Security and Agricultural Diversification in Small 
Island Developing States - could not be more relevant, as each one of our nations grapples with 
the effects of the global economic downturn, while still trying to ensure a level of food security 
and diversity within our local economies. 

First of all, I wish to congratulate the CFCS for the tireless work it has been pursuing over the 
past 45 years in facilitating developments within science and technology to enhance the 
production of food and animal products in the region. Without a doubt, your organisation plays 
a pivotal role in regional agricultural development, as it facilitates technical assistance, 
development and technology transfer that have all contributed tremendously toward improving 
regional food and nutrition security. 

This meeting is being held at a time when the slow down in the world economy in the wake of 
the financial and economic crisis, and of increasing concerns about food and nutrition security, 
have led to a renewed focus worldwide, a global awakening, as it were, of the pivotal role and 
importance of the Agriculture Sector in development. There is now a heightened expectation of 
the Sector's contribution toward mitigating the negative impact of the global meltdown in 
developing countries, as well as in promoting peace, prosperity and stability within nations. 

In the Caribbean, the need for an infusion of new and sustained dynamism in the Agriculture 
Sector is not an expectation but an absolute imperative, given the dominance of the Sector in 
the regional economy and as a consequence, its importance in determining the quality of life of 
the people of the Region. 
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The swing of the pendulum back towards a greater role for the Agriculture Sector in 
development comes at a time when the Sector is faced with a myriad of challenges within and 
beyond our boundaries, moreso as it relates to the removal of preferential prices for the 
Caribbean. The situation calls for an enhanced role for Governments of the Region and indeed 
in all developing countries for strategic intervention to support the Sector. An enabling 
environment, to unleash the tremendous potential in agriculture for promoting food and nutrition 
security, must be rigorously pursued. This situation represents a great opportunity 
notwithstanding its challenges to policy makers. I am indeed heartened by the recent 
announcement that the G8 countries will be pledging US$ 20.0 billion to support the 
development of agriculture in developing countries. The Region must seek to position itself 
strategically to avail itself of the opportunities that may be presented. 

Therefore, I consider the topic you have asked me to present "The Role of Government in 
Strengthening Trinidad and Tobago's Agriculture Sector" to be most appropriate, especially as 
my country is in the midst of a massive program to transform local agriculture, deepen cross-
sectoral l inkages and increase its contribution to Gross Domestic Product (GDP). This forum I 
consider to be most ideal for such a conversation, given the Caribbean's common plantation 
experience, which has had a profound impact on the development of the Agriculture Sector in 
the region, bequeathing similar structural features, problems and challenges and I dare say a 
common destiny. 

Ladies and Gentlemen, as most of you would know, Trinidad and Tobago has an energy-based 
economy. We have large-scale industrial estates; dynamic, well established and productive 
services and manufacturing sectors; and a strong trading presence in the regional and global 
markets. Historically, our agriculture sector had played a strong role in the economy. However, 
as the country prospered economically, first in the early to late 1970s and again from the mid-
90s to the present, the focus on other industries actually led to a downturn in agriculture. 

Whereas agriculture's contribution to Trinidad and Tobago's GDP has declined over the last ten 
years, from 1.9 percent in 2002 to 0.6 percent in 2007, our Government is determined to bring 
the sector back into focus, in keeping with our policy to upgrade, transform and diversify the 
economy away from our dependence on energy revenues. 

Consequently, some years ago, a decision was taken to diversify the economy into other 
economic activities. Just to give you some quick background information here - Trinidad and 
Tobago has conceived an industrial development strategy that focuses on enhanced growth in 
key non-energy sectors, in particular, Food and Beverages, Music and Entertainment, the 
Seafood Industry, Film, Yachting and of course Agri-business, to name a few. Strategic Plans 
have been developed for each area and are in various stages of implementation. 

Since the Agriculture Sector has been identified as one of the engines of growth within the 
Trinidad and Tobago economy, our goals are to increase productivity, production and 
competit iveness; enhance export performance in due course; and to increase food production in 
order to cater to the needs of the population for nutritious food at affordable prices and to 
reduce our food import bill and food price inflation. 

In the wake of the increasing trend in food prices, food price inflation has become the main 
driver of domestic inflation in Trinidad and Tobago, with staples, fruits and vegetables being the 
main sources of the inflationary pressures. In May, food price, which has stabilized somewhat, 
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was estimated to be 19.6 percent. This amount compares with an overall inflation rate of 11.4 
percent. 

Another major challenge is the relatively high food import bill, which is estimated to be some 
TT$3.4 billion annually. It is estimated that in Trinidad and Tobago we import annually some 
196,295 tonnes of staples, 10,680 tonnes of peas and beans, 10,339 tonnes of vegetables 
6,726 tonnes of fruits, 478 tonnes of spices, 2,081 tonnes of meat (mutton and goat meat) and 
10,275 tonnes of fruit juices at an estimated cost of TT$583.0 million. Available data on the 
imports for selected CARICOM products in similar food groups gives an aggregate import of one 
million and twelve thousand (1,012,000) tonnes of imports of selected food items at an 
estimated cost of five hundred and ninety eight million, one hundred thousand US dollars 
(US$598.1 million). 

Trinidad and Tobago shares the view that countries of the CARICOM Region can save valuable 
scarce foreign exchange by collectively promoting greater food and nutrition security. If regional 
production is ramped up to produce 25% of the imports of those selected food items, i.e., two 
hundred and fifty-three thousand (253,000) tonnes, CARICOM member States can come closer 
to some level of food security, provide a better way of life for our people, while realizing foreign 
exchange savings of some US $149.5 million. This production target can be achieved by 
aggressively expanding domestic agricultural production. 

As a region, we must increasingly "grow what we eat and eat what we grow" if we are to provide 
a decent quality of life for all our people. The time is now. We can no longer afford to 
procrastinate, for time would not wait on us. In my travel to St. Kitts, I read a comment by the 
CEO of a major food manufacturing Company within CARICOM which is as follows: "We all 
have an obligation to transform ourselves much more rapidly in this environment than in a 
steady state situation". This statement aptly applies to agriculture at this time. 

Recent events have sent a clear message that steps must be taken to increase local food 
production, mainly at the primary level to satisfy local demand in part, while containing food 
price inflation. The primary role of the Ministry of Agriculture, Land and Food Production 
(MALMR) in Government 's drive to increase production levels is to help reduce and stabilize 
food prices within Trinidad and Tobago. This role is one of the major considerations behind the 
introduction by the Trinidad and Tobago Government of the commercial farms concept, which I 
will explain in detail shortly. 

The Government of Trinidad and Tobago is unquestionably committed to playing a major role in 
strengthening the agricultural sector in Trinidad and Tobago. We have clearly defined the role of 
the sector as follows: 

ο To ensure food sovereignty and security through ensuring that a minimum percentage, say 
25% of all the food groups, will be met from local and regional production, 

ο To promote economic diversification and expansion based on the development of 
competit ive industries through value-added product development in agriculture for local 
consumption as well as for export, 

ο To support rural development through increased infrastructure within major food basket 
areas and employment creation, 

ο To support social development through engaging the rural poor in agricultural production 
and food preservation as a key component of poverty alleviation strategy. 
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Let me give you a quick overview of Trinidad and Tobago's agriculture sector: 
A) We have some 210,000 acres of land classified as agricultural holdings, 56 percent of 

which is utilized for crop or livestock production. This classification indicates that some 
92,000 acres are available for additional production. 

B) Of the lands being utilized, 73 percent are in crop, 11 percent allocated to livestock, and 
16 percent to both crop and livestock. 

C) We have some 19,000 farmers; 99 percent operate as individuals, 42 percent of them 
are part t ime farmers, and only 16 percent have formal training in agriculture. 

D) Eighty percent of the 19,000 farm holdings are under 10 acres in size, so there is a 
challenge to maximize economies of scale, and for farmers to realize their true 
production, price and profit potential. 

E) Employment in the sector stands at five percent, with some 36,000 persons. 
F) In light of the renewed emphasis on agriculture, Government 's investment in the sector 

under the 2009 Budget was TT$1 billion. 

Because we wish to maximize the tremendous opportunit ies presented by the challenges of 
these times, the MALMR, as the major architect of the government 's policy within this sector, 
has prepared a Transformation Plan for Agriculture in Trinidad and Tobago, designed to move 
the sector from agri-culture to agri-business, through a range of strategic policies and 
programmes and strategic partnerships with the private sector. 

The policy framework underpinning the Transformation Plan recognizes two distinct but linked 
developmental paths for the agricultural sector: 

• Food security and sovereignty - where emphasis is on ensuring a minimum capability to 
feed ourselves and to respond to any food supply shortages, through increased production 
and productivity. 

• Internationally competit ive path - Trinidad and Tobago products must be able to compete 
internationally based on strategic development and marketing of new and innovative 
value-added products at the appropriate time. 

Indeed Ladies and Gentlemen, one of the major components in transforming the agricultural 
sector in Trinidad and Tobago is to move beyond primary production into value-added products. 
To meet this goal, we are vigorously pursuing various initiatives to help our farmers venture into 
value-added enterprises which will generate greater earnings. 

The overarching goals for Trinidad and Tobago's Agriculture sector are: 

• Repositioning Agriculture - We see agriculture in the broader construct of agri-business and 
fully embrace the concept that this sector includes not just agricultural production, but agro-
processing, food manufacturing, specialty and gourmet cuisine, culinary arts, food service, 
etc. In this regard we have established the National Agri-Business Development Programme 
(NADP), which as you will see later on plays a major role in sector transformation. 

• Another goal is Restructuring Agriculture - We are encouraging and assisting small farmers 
and other small agri-entrepreneurs to organize themselves into Farmers and Commodity 
Associations, and other forms of business organizations and we are providing them with a 
range of support services, especially in contract production and marketing. 

• Simultaneously we are promoting the development of large technology-driven farms and 
other large-scale agri-businesses alongside existing small farms and small and medium 
agri-businesses. This restructuring will dramatically change the way the small farmer 
operates, in that rather than being out there on his or her own with little support, they will 
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now operate as part of a formal organized business entity, with a range of business support. 
Further, those farmers engaged in contract production will have the advantage of an 
assured market and an assured price. 

• Our third goal deals with Supporting Agriculture Expansion - We will bring an additional 
20,000 acres of land into production by releasing significant amounts of unused arable lands 
to existing and new farmers. We are committed to encouraging further investment, 
expanding the range of persons interested in agriculture as a business and investment. In 
particular, we are encouraging entrepreneurship, the commercial ization of agricultural 
operations and the increased use of technology. 

The MALMR offers a range of support services including incentives, farmer training, marketing 
and technical support. Of course in order to achieve the goals of repositioning, restructuring and 
expanding the Agricultural Sector, we have identified a number of policy initiatives and 
strategies. Permit me to share with you some of our most successful endeavors. 

Deve lopmen t of C o m m e r c i a l Fa rms (Mega Farms) 
Increasing the acreage of land under agricultural production is the number ONE priority in our 
quest in our transformation efforts. We have a project to develop 12 large commercial farms 
(popularly dubbed in Trinidad and Tobago as "mega farms"), involving both local and foreign 
investors, on 3,200 acres of land across the country with individual farm size ranging from 100 
to 300 acres. This size compared to the 2 to 10 acre average farm holding existing previously. 

Under this initiative, the State develops the entire infrastructure to the farm gate (roads, 
drainage, water and electricity), whereas the investors develop the on- farm infrastructure. To 
date, two commercial farms have come on stream. One is a public sector venture on a 200-acre 
site developed with technical support from the Cuban Government. This farm has a 
demonstrat ion component. The other is a private sector initiative by the locally based US 
company, PCS Nitrogen, a major fertilizer company. It is being operated on state land, and the 
promoters also call it a mega farm. This farm in particular has a strong training and development 
component and promotes good agricultural practices (GAP) with modern management 
techniques and new technology in farming. Their primary production focus is on staples and 
vegetables in the case of both farms. Four other "mega farm" projects private sector-led and-
driven on state lands will become operational by the first quarter of 2010. The development of 
the "mega farms" highlights an important element in our strategy to promote agricultural 
development, i.e., fostering and strengthening public/private sector partnerships. 

In this context, my friends, may I tell you that during a recent visit to Costa Rica, a major 
agricultural producer as you well know, my delegation and I visited a number of commercial ly 
operated farms, and in my interaction with Government Officials I was reminded that Costa 
Rica's position on agriculture is anchored on three elements - the 3 Ps as they call it: 

• Political Will 
• Programs that are Sustainable 
• Partnerships that are Strategic 

In our strategic design we had already embraced another "P", viz, Private Sector Participation. 

S u p p o r t f o r Smal l Farmers 
The Trinidad and Tobago Government fully appreciates the contribution being made by the 
small farmer and family farms, which have been the backbone of the agricultural sector for 
generations. We are committed to the development and growth of this sub-sector, which 
comprises some 19,000 farm holdings on 110,000 acres of land. Up to 20 Farmers Associat ions 
have been established across the country, along with the provision of contract production and 
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marketing arrangements. While small farmers will continue to be engaged in primary 
agricultural production for 'farm to plate" foods, the commercially operated farms will be 
producing food crops for agro-processing, agri-business activities, food processing and food 
manufacturing. 

Research and Development 
With the establishment of the University of Trinidad and Tobago, linkages have been 
strengthened between research and development institutions, including our own University of 
the West Indies St. Augustine, the Research Division of the MALMR and the farming 
community. In this regard special emphasis is being placed on organic farming and on organic 
methods for pest control and management as well as varied and new planting material. 

Our farmers have access to the supply of high quality seeds, vegetative materials, and local fruit 
and tree crop plants, including citrus and cocoa, which are produced and sold by the Agricultural 
Services Division of MALMR. These planting materials are all specifically tested for growing in 
local conditions and are available in quantities necessary for commercial production. We 
produce some 300,000 cocoa seedlings annually and sell at only TT$ 1.00 per plant. 

Mechanisms for Implementat ion 
In order to ensure that our objectives remain focused and our strategies are implemented 
efficiently, we have established new implementation and monitoring mechanisms. These include 
the Food Price and Inflation Committee chaired by Senator Dr. the Honourable Lenny Saith, 
who also acts as Prime Minister from time to time; an Agricultural Advisory Commission, chaired 
by the President of BPtt, an energy company, Mr. Robert Riley. A single Chairman has been 
appointed for three key State Agencies involved in agriculture, in land distribution (EMBDC), in 
financing for agriculture (ADB) and in marketing (NAMDEVCO) - Mr Noel Garcia. 

Special Focus on Extension Services 
As we seek to transform and revitalize the Agricultural Sector, Trinidad and Tobago plans to 
place heavy emphasis on retraining of the relevant officers to meet the specific needs of the 
farming community. It has been said by several observers of the farming community across the 
Region that if the extension services of a country do not keep pace with the developments in 
agriculture, then increased agricultural production is not likely to be achieved. Front line 
Agricultural Officers and Agricultural Assistants or Engineers must therefore be challenged to 
deliver high quality services to guide persons engaged in agricultural production. We are 
working along with the FAO to develop a programme of training for Extension Officers, namely 
'Excellence in Extension Services'. The issue of Extension Services is one of my pet areas for 
change, as Extension Service is vital in guiding and reorienting existing and new farmers in 
good agricultural practices for increased food production. 

Inst i tut ional Strengthening 
Recognizing that there are inadequate production and marketing systems, we have been 
working on strengthening two State Agencies under the Ministry of Agriculture, Land and Marine 
Resources aimed at stimulating agri-business development and strengthening marketing 
systems, viz the National Agricultural Marketing and Development Company (NAMDEVCO) and 
the Trinidad and Tobago Agri-Business Association (TTABA). 

Facil i tat ing Agr i -bus iness Development 
The National Agri-business Development Programme (NADP) is the key vehicle in this 
endeavour, which supports contract production and processing of a wide range of local produce. 
NADP is being managed by the Trinidad and Tobago Agriculture Business Association 

12 



(TTABA). As part of its strategy some 14 Community/Farmers Associations have been 
established, comprising 734 farmers with over 5,450 acres available for contract farming. The 
concept is that Farmers Associations can maximize economies of scale for cheaper or lower 
cost of input and lower cost production. The objective is to help farmers generate greater output, 
which can be sold at lower prices, in greater volume, and with improved profit margins. In 
addition, some 500 acres of land are now under contract for the production of cassava, sweet 
potato and paw-paw, which will be increased significantly as processing operations progress 
and marketing arrangements are put in place. 

In terms of processing, TTABA is in the process of establishing two plants for processing chilled 
and frozen root crops, fruits and vegetables, and for processing juices and sauces. In terms of 
value added activities, TTABA supports the production of a range of items such as purees and 
drinks, fresh cut vegetables and salads, root crops, dough made of staples, and cassava flour. 
In particular, TTABA has helped entrepreneurs successfully introduce fresh and frozen coconut 
water, frozen sweet potato fries, frozen cassava fries and cubes, and pawpaw barbeque sauce 
into the local market. Some of these items will be exported to CARICOM by the end of August. 

Marketing and Marketplace Infrastructure 
Complementing our efforts to expand the production of domestically produced agricultural 
products within the six food groups, viz staples, pulses/legumes, vegetables, fruits, food from 
animals and fats and oils, we propose to upgrade and develop infrastructure for warehousing 
fresh produce. Specifically, it is proposed to utilize the facilities of NAMDEVCO, our local 
agriculture marketing agency, to preserve produce under chilled conditions (at 5° C) as well as 
to serve as a "price equalizer/leveler" in conditions of surplus or shortage in the marketplace, 
while maintaining the cold chain to the supermarket and household refrigerator at the 
appropriate time. 

Providing marketing support, market place infrastructure, and finding markets for famers to 
trade their produce are at the top of Government's agenda. Mr Chairman, given the best will in 
the World, in terms of the Marketing, several of the elements in the Marketing Mix may be 
present for the Agri-entrepreneur or Grower, e.g., the right Product of best quality, the right 
Price for the produce, but if there is no Place for their Promotion (display included) and a Place 
(the market) to sell the produce, then the farmer will not have advanced. What then, I ask, will 
be the incentive to labouring in the Vineyard if farmers' produce cannot be marketed or sold? 

Trinidad and Tobago takes the view that Agri-entrepreneurs, individuals and family businesses 
in Agricultural endeavours must see their labour and production being converted to Cash - to 
Profits. Agri-entrepreneurs/growers must be rewarded profitably along the entire value chain. 
And Agri-entrepreneurs/growers can indeed be their own "middlemen," thus maximizing the 
return on their investment, while being able to offer their produce to the consumer at lower 
prices. In that way we get a "win, win" situation. 

It is against this background, therefore, that NAMDEVCO has also been mandated to providing 
market information; marketing advice (advisory services); marketplace facilities/infrastructure 
and assisting with finding markets for Agri-entrepreneurs to facilitate the sale of their produce, 
following their harvest. Farmers' markets both wholesale and retail have therefore been 
established in some communities. 
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Increased Financing for Agr icu l ture 
The Government of the Republic of Trinidad and Tobago is committed to providing development 
funds on soft terms to individuals, families and entrepreneurs entering the sector. Expanded 
loan products are being provided by the Agricultural Development Bank (ADB). 

Annual National Agr icu l tura l Entrepreneur Compet i t ion 
As another major incentive to stimulate agricultural production for the third consecutive year, the 
Government would be conducting an Agricultural Entrepreneur Competition for small and family 
farmers. 

• This Competition would judge farmers in ten categories 
• Some two million ($2,000,000) dollars in prize money will be distributed to the top thirty-

three Agricultural Entrepreneurs, with the top entrepreneur of the year receiving a cash 
prize of one hundred and fifty thousand dollars ($150,000) and a challenge trophy 

• We also have a youth agricultural entrepreneur award with a special cash prize and trophy 

And so we now return to our initial position statement "The Role of Government in Trinidad and 
Tobago's Agriculture Sector". In summing up, we can see that the Government of Trinidad and 
Tobago sees its role primarily as a facilitator, we set policies, provide guidance, establish 
programs, and only where absolutely necessary do we intervene. This intervention usually 
involves some level of partnership with private sector stakeholders. 

At the end of the day, as the drivers of an open, free market economy, our mandate is to create 
a facilitative environment for business and trade to thrive, employment created, technology 
utilized to the benefit of all citizens and an acceptable standard of living for all. We wish to 
encourage trade within the Region and within CARICOM. We are committed to trade with 
CARICOM and particularly to trade in agricultural products and food. And you will recall that I 
made the point before that we are looking to CARICOM countries to collectively come together 
to produce food to meet our goal of supplying twenty five percent (25%) of our food target. 

Ladies and Gentlemen, while there are challenges within the Trinidad and Tobago agriculture 
sector, this is also a most exciting time full of promise and opportunity. We are seeing the 
revival of what was once a mainstay of our economy. Just recently we hosted an international 
Cocoa Conference, which witnessed over one hundred participants attending from twenty-seven 
countries. We received great praise for our initiatives in this sub-sector, where production has 
grown for the first time in thirty years. We are witnessing a number of corporate citizens 
embarking on agricultural projects, such as greenhouse development and fish farming, creating 
a new generation of farmers who are business and technology oriented. Trinidad and Tobago 
believes that the policies we have introduced will have major positive effects on our agriculture 
sector, and we expect to REAP a bountiful harvest. 

On behalf of the Government and people of the Republic of Trinidad and Tobago I thank you for 
inviting me to share some thoughts with you on our agricultural policy initiatives and the overall 
role of Government within this sector. I look forward to the next few days' deliberations. Rest 
assured that Trinidad and Tobago is committed to continue partnering with regional neighbors in 
developing mechanisms to meet the challenges and maximize the opportunities which lie 
ahead. 

Personally I hope that this 45th Meeting will yield rich rewards for all the participants. Ladies and 
gentlemen, may you be blessed abundantly!!! I thank you. 
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CONTRIBUTION DE LA PRODUCTION DE RÉFÉRENCES AU DÉVELOPPEMENT DU 
POTENTIEL DE PRODUCTION AGRICOLE EN GUADELOUPE 

Edmond Rubrice, Frédéric Jermidi, et Pascal Jean-Charles, Chambre d'agriculture de la 
Guadeloupe. Email: rubrice.cda@orange.fr 

RÉSUMÉ: De manière récurrente, les différents programmes de développement agricoles qui 
se sont succédé ont eu en commun comme orientation stratégique la volonté de moderniser 
l'agriculture de la Guadeloupe pour maintenir la contribution du secteur agricole à l'économie à 
un niveau satisfaisant. Mais avec un taux de couverture en constante diminution, de nouvelles 
approches doivent être envisagées afin de relancer la production locale. Avec les 
recensements, l'exploitation agricole guadeloupéenne peut être bien caractérisée comme une 
unité de production de biens tropicaux et parfois de services, jeune, généralement de taille 
réduite, qui peut ou qui développe, le plus souvent, au côté d'une production principale (la 
canne et la banane), une gamme variée de productions locales. Mais, son fonctionnement et 
son articulation durable au sein d'une grande diversité de petites régions agricoles et rurales 
restent à être mieux maîtrisés. Outre la mise en place d'un observatoire économique ayant pour 
but la collecte et la valorisation des données macroéconomiques, les engagements du 
programme régional de développement agricole (PRDA) sur la période 2009-2013 accorderont 
la priorité à l'approche globale des questions agricoles. Ainsi, la production de références dans 
les domaines des systèmes d'exploitation, de la conduite technico-économique des 
spéculations, du machinisme et de l'agroéquipement permettra d'élaborer des outils pertinents 
pour le conseil agricole, de soutenir la diversification de l'économie agricole et d'adapter les 
systèmes d'exploitation dans une dynamique de développement durable qui concilie les 
préoccupations économiques, environnementales et sociales. La valorisation de ces outils 
représente un enjeu important pour repérer les démarches innovantes des producteurs, orienter 
la politique de structure au sein des territoires et intégrer l'activité agricole dans l'aménagement 
de ces territoires. 

Mots clés: PRDA, Références agricoles, Machinisme 
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COMPETITIVE ASSESSMENT OF THE MARKET OPPORTUNITIES FOR SELECTED 
AGRICULTURAL COMMODITIES IN THE CARICOM REGION - THE CASE OF FRESH 
CARROTS PRODUCED IN JAMAICA 

Govind Seepersad, Ardon Iton, Ranjit Singh and Faraad Hosein, CARDI, Jamaica. Email: 
marketing@cardi.org 

ABSTRACT: The aim of this study is to determine the competitiveness of the major producers 
of carrots in the region and whether production should be expanded to displace the current 
extra-regional imports. Problem: Trinidad, traditionally imported carrots from the USA; however, 
since 2005 this trade has been diverted to Costa Rica primarily through the signing of the 
bilateral arrangement with Costa Rica. In this case, the 40% CET has been waived, thus making 
it more attractive to import from Costa Rica. At the same time, CARICOM producers are seeking 
markets for their produce and any opportunities that lie therein. This study examined the market 
opportunities for carrots in the Caribbean Region and any opportunity that exist for the major 
carrot producer(s) in CARICOM. The study was done in an attempt to locate opportunities for 
small carrot producers who characterize the Region and to highlight the challenges they would 
face, both within their country and also those challenges which would arise through 
globalization. Jamaica was found to be the major CARICOM producer, and Trinidad and 
Tobago the major importer of carrots; however, no trade took place between these CARICOM 
partners. The study found that Jamaica was not price competitive against the two major 
suppliers to the Trinidad and Tobago market: Costa Rica and the USA. The results also show 
that a greater sum of domestic resources will be used to produce a unit of carrot compared to 
the foreign exchange earned against low market prices in Trinidad and Tobago. Thus Jamaica 
will not have a comparative advantage as it relates to the use of foreign exchange. In times 
when prices are high in the Trinidad and Tobago market, Jamaica will have a comparative 
advantage as it relates to the use of foreign exchange. There are, however, opportunities for 
Jamaica in this market if they can supply at more competitive prices as they were found to be 
uncompetitive when the competitor prices are low but marginally competitive when the 
competitors' prices increase on the market. Jamaica's high costs are associated with 
inefficiencies in the production process. Thus, should Jamaican carrot producers improve their 
agronomic practices, they would be able to effectively compete in this regional carrot market. 

Keywords: Competitiveness, Policy Analysis Matrix, Nominal Protection Coefficient 

1.0 Global & Regional Carrot Situation 

1.1 World Outlook: Production, Trade and Consumption 

World production of 'carrots and turnips' was estimated at 26.6 mn Τ (2005/07); the top 
ten producers were China, Russia, USA, Poland, the UK, Japan, France, Ukraine, Spain and 
Italy. In the western hemisphere, Canada is ranked # 20 and Costa Rica is unlisted as a 
producer. Jamaica is ranked # 70, Barbados # 102 and Antigua # 1 1 7 . The production figures 
for the top 10 producers are presented in Table 1. From global production, only 7% of 'Carrots 
and Turnips' enter world trade. The top three exporting countries are the United States of 
America, China and the Netherlands, accounting for 16%, 17% and 14% of world exports, 
respectively. The top ten consumers of carrots are China, Russia, United States of America, 
Poland, United Kingdom, Japan, France, Germany, Ukraine and Spain. 
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Table 1: Top 10 Producers of Carrots and Turnips (2005/07) 

Production Country 
Tonnes(T) 

Ranking 2005 2006 2007 Average 
World 26,094,700 26,797,508 26,908,944 26,600,384 

1 China 8,397,934 8,700,000 9,105,000 8,734,311 
2 Russian 1,793,310 1,918,370 1,900,000 1,870,560 
3 USA 1,637,380 1,583,480 1,600,000 1,606,953 
4 Poland 929,014 833,218 902,100 888,111 
5 UK 832,600 807,000 859,300 832,967 
6 Japan 762,100 747,500 750,000 753,200 
7 France 726,950 692,795 710,000 709,915 
8 Ukraine 645,300 719,500 625,000 663,267 
9 Spain 573,067 600,000 605,000 592,689 
10 Italy 594,815 614,530 548,537 585,961 

1.2 Regional Consumption, Trade and Production 

CARICOM consumes all its carrots, Daucus carota, produced and satisfies its shortfall 
through imports (Table 2 and Annex Table A1). In 2005/07, imports were estimated at 7,487 Τ 
valued at USD 6.2 mn. Production as a percentage of global was recorded at 0.1%; import 
value 0.6% and volume 0.4% of global trade and its consumption at 0.1% of global 
consumption. 

The Region's self sufficiency was estimated at 77%. While there is a high level of self 
sufficiency at the regional level, this self sufficiency is due to Jamaica's production, accounting 
for 88% of total. The most import dependent countries in terms of volumes were Trinidad and 
Tobago and the Bahamas, whereas Jamaica recorded 99% self sufficiency. 

Table 2: CARICOM Carrot Situation (2005/07 average) 

Production Imports Consumption 
Self 

Sufficiency 
Import 

Dependency 

Importers Volume (T) 
USD 
(000) 

Volume 
(T) Volume (T) 

World 26,600,384 1,105,229 1,854,723 28,455,107 93% 7% 
CARICOM 25,534 6,250 7,487 33,021 77% 23% 
Trinidad and 
Tobago 0 3,022 4,304 4,304 0% 100% 
Bahamas 0 1,054 543 543 0% 100% 
Guyana 0 458 422 422 0% 100% 
Barbados 1,000 431 431 1,431 70% 30% 
St Kitts/ 
Nevis 62 150 304 366 17% 83% 
Belize 256 142 532 788 32% 68% 
St Lucia 0 410 427 427 0% 100% 
Jamaica 22,640 215 123 22,763 99% 1% 
Grenada 79 126 104 183 43% 57% 
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Antigua 247 117 126 373 66% 34% 
Dominica 530 25 31 561 94% 6% 
St. Vincent 607 66 86 693 88% 12% 
Montserrat 113 18 26 139 81% 19% 
Suriname 0 12 14 14 0% 100% 
Haiti 0 5 14 14 0% 100% 

Data Source: FAOStat and TC Database 

Regional Carrot Production 

CARICOM countries produce an estimated 25,534 T. The top producer, Jamaica 
produced 24,500 Τ of carrots in 2007, decreasing by 1,613 Τ when compared the amount in to 
2006 (22,887 T). The other top CARICOM producers were Barbados 1,050 T; St. Vincent, 640 
T; Dominica, 550 T; Belize, 280 T; Antigua 260 Τ (FAO Stat Database). 

2.0 Opportunities in the CARICOM Market 

Within CARICOM, Trinidad and Tobago represent about 48% of CARICOM carrot 
imports in value terms; 57% by volume. Imports by the other CARICOM member states are 
much smaller. Jamaican imports represent 3% in value and 2% in volume, that market being 
satisfied by domestic production. Trinidad and Tobago imported 3,908 Τ of carrots in 2005, 
then increasing to 4,511 in 2006 and to 4,492 in 2007 (see Table 3). Previous to 2006, the 
country imported all its carrots from the USA (66%) and Canada (33%). However, since 2006, 
most imports have been originating from Costa Rica, while the USA and Canada have both lost 
more than 75% of their market share. Reported fob price during that year was USD 0.43/kg, 
compared to USD 0.46/kg for Canada and USD 0.63 for carrots originating in the USA. Costa 
Rica was able to enter this market through a bilateral trade arrangement with CARICOM and to 
enjoy a waiver of the 40% CET. 

Table 3: Trends and Sources of Imports of Carrots into Trinidad and Tobago from 2004 to 2007. 

Source of 
Imports 

Year 

Source of 
Imports 

2004 2005 2006 2007 
Source of 
Imports Tonne 

USD 
1,000 Tonne 

USD 
1,000 Tonne 

USD 
1,000 Tonne 

USD 
1,000 

Costa Rica 0 0 0 0 2,407 1,612 3,660 2,625 
USA 2,314 1,388 2,313 1,288 1,066 880 397 410 
Canada 1,622 706 1,522 800 1,032 650 435 270 
Total 3,964 2,105 3,908 2,110 4,511 3,150 4,492 3,305 
Data Source: Trade Map 

3.0 Varieties 

There are four basic types of carrots in the USA market: Imperator (the most common 
fresh-market type), Nantes, Danvers, and Chantenay (largely used for processing). Fresh-cut 
"baby" carrots are not true baby carrots, but are usually Imperator types that have been planted 
closer together to force them to grow long and thin. After harvest, these carrots are 
mechanically cut, trimmed, grated, polished, and shaped into the small uniform sizes and then 
retail packed. 

Carrot is adapted to cool climates with a long growing period free from extremes of 
temperature and moisture. The optimum mean temperature is between 16 and 21° C. 
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Temperatures below 16° C can retard growth1. After harvest, the roots should be cooled as 
quickly as possible to 0° C and maintained at this temperature together with 98% relative 
humidity. Carrots can be kept six to nine months with the latest application of storage 
technology (ibid). In Jamaica the Caranid variety is grown. 

4.0 Profile of Major Carrot Exporters to the Trinidad and Tobago Market 

4.1 The USA 

The United States is a major world producer, importer, and is also a net exporter of fresh-market 
carrots. The shipping side of the fresh carrot market is highly concentrated, with the two largest 
California firms accounting for the majority of the products sold2. The farm value of U.S. carrots 
(fresh and for processing) averaged USD 573 Μ Ν per year during 2003-05, with fresh-market 
carrots accounting for 94%. The major producing areas are presented in Map 2.1. 

Map 2.1 : Carrot Production in the USA - Volume Share by Major Producing States 

Leading 
producer 
of carrots 
for 
processing 

75% of all fresh 
market production 
and major 
producer of 
carrots for 
processing 

4% of all 
fresh market 
production 

4.2 Canada 

Canada is ranked # 20 in global production at 302 thousand Τ over the 2005/07 period. 
It is also one of the most valuable crops in Canadian vegetable production. Ontario and Quebec 
are the main production centres, but carrots are grown in all provinces. Carrot is the second 
most important vegetable after the potato in Quebec (ibid)3. 

1 (Source: Les légumes du Canada Vegetables of Canada Daucus, pp. 192-198 < http://pubs.nrc-

cnrc.gc.ca/eng/books/bookpaQes/9780660973005-chap.html > 
2 ibid 
3 (Source: Les légumes du Canada Vegetables of Canada Daucus, pp. 192-198 < http://pubs.nrc-

cnrc.gc.ca/eng/books/bookpages/9780660973005-chap.htmll. 
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4.3 Costa Rica 

Carrot export from Costa Rica accounts for 0.4% of world carrot exports, which will likely 
increase as production continues to increase. In 2006, Costa Rica produced 14 thousand Τ of 
carrots valued at USD 3.1 mn. During the period 2004 to 2006, both the volume of carrots 
exported and the revenue generated by exports increased three-fold. The USA has been the 
prime importer of Costa Rican carrots in past years. In 2006, Trinidad and Tobago began 
sourcing carrots from Costa Rica, making the country the third largest export destination after 
Nicaragua and the USA. The USA fob ex.-Miami fob ranged from a low of USD 0.30/kg to a high 
of USD 0.59/kg in 2008/09 and Costa Rica from USD 0.50 - 0.83/kg in May 2009. 

5.0 A review of the production capability of the Jamaican Carrot Industry 

Although the major players in the Jamaican market expressed strong support for local 
carrots, periodically they have to resort to import mainly because of inconsistency of supply and 
poor quality produce. In 2007, Jamaica imported 316 Τ of carrots valued at USD 101,721. 
Imports have been showing a variable but a generally decreasing trend in value terms and in 
volume terms from 914 Τ in 2005 (Annex Table A3). The country imported 316 Τ of carrots in 
2007 to satisfy production shortfall, mainly from the USA and smaller amounts from Canada. 
Manchester is the top-producing parish in quantity and also has recorded the highest 
productivity levels. St. Elizabeth, St. Ann and St. James are amongst the least efficient 
producers of carrot in Jamaica, with productivity levels of 12, 13 and 10 Τ per ha, respectively. 
Meanwhile, St. Elizabeth is the second largest producing parish, producing 27% of domestic 
production, behind Manchester, which produces 33%. 

Carrot is cultivated on the flat and sloping Terra Rosa soil in Jamaica, because of its 
friable, loose and free-draining characteristics. The soil is bauxitic in nature, high in calcium and 
phosphorous but low in nitrogen. In some areas visited, the microclimate is suitable for year-
round cultivation. Although the rainfall is low, the heavy dew reduces the need for irrigation 
water. In other areas, the drier conditions necessitate the need for irrigation, especially during 
the dry seasons. 

Typical plot size ranges from 1 to 5 square chains (405 to 2,025 m2) in some areas 
visited and one acre (0.4 ha) in others. A significant amount of the land is prepared manually, 
because of small plot sizes on the one hand, and alternatively, because of the karst terrain. In 
other areas, the soil is ameliorated mechanically by using large wheel tractors to plough and 
harrow where the soil is free from rocks. Cultivation involves tilling, refining, leveling the soil, 
broadcasting seeds and harrowing with rakes. 

The Caranaid hybrid variety is commonly grown in major producing areas and reportedly 
yields higher volumes per unit area and is more adapted to the drier conditions. In order to 
reduce the expenditure on labour and to increase efficiency, Fusilade is applied for weed 
control. Mulching is not common because of the scattered distribution of the crop. 

6.0 Model Used for the Competitiveness Analysis 

The Policy Analysis Matrix was used to assess the competitiveness of Jamaica's carrot 
production and to determine whether the country has a comparative advantage in producing the 
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crop. The private prices used were the observed prices of the underlying economic costs and 
valuations plus the effects of all policies and market failures. World prices are used as the social 
prices or reference prices for the study. Thus, the social prices will be the fob port of Miami, and 
Costa Rica will be used as the reference prices. The world prices were adjusted for 
transportation and marketing costs to the comparable location in the market. 

6.1 The Nominal Protection Coefficient (NPC) 

The NPC was used to assess the competitiveness of Jamaica's carrot production 
relative to that of Costa Rica and the USA on the Trinidad and Tobago wholesale market. The 
reference prices used were ex. fob port of Miami and Costa Rica. These prices were adjusted 
for transportation and marketing costs. 

The Nominal Protection Coefficient (NPC) is a ratio of the domestic price of a commodity 
to its border price, using the official exchange rate. The analysis was done by using the Nominal 
Protection Coefficient (NPC) model, computed using the following formula: 

NPC = Domestic Price 
Border Price 

The domestic price is the wholesale market price in Trinidad and Tobago (for carrots 
currently imported from Costa Rica and USA), and the border price is the selling price of the 
simulated commodity imported from Jamaica and transported to the wholesale market in 
Trinidad and Tobago with all adjustments made for costs. A NPC <1 will indicate that Costa 
Rican and USA carrots on the Trinidad and Tobago market are competitive against Jamaican 
carrots; NPC>1 will indicate that Costa Rican and USA carrots are uncompetitive against 
Jamaica; and NPC=1, that Jamaica is marginally competitive. The relative NPCs will indicate 
which country is more competitive on the Trinidad and Tobago market. 

6.2 Domestic Resource Cost Coefficient 

The domestic resource cost coefficient measures the efficiency, or comparative 
advantage, of crop production. If the social returns to land cannot be identified clearly because 
full information about alternatives is lacking, the DRC may be calculated with respect to labour 
and capital only. The DRC serves as a proxy measure for social profits. It is calculated by 
dividing the cost of labour and capital by value-added at social prices. 

DRC = {(Labour cost + Capital cost) in Social Prices} 
{(Revenues - Cost of tradable inputs) in Social Prices} 

Where the opportunity cost of land can be clearly identified, the DRC is calculated by 
including the cost of land (i.e., the social profitability) of the next best alternative crop. The 
resulting DRC reflects the country's comparative advantage, not only with respect to capital and 
labour, but within agriculture as well. 

6.3 Strengths and Criticisms with the Models 

(a) STRENGTHS OF THE PAM 
One of the main strengths of this approach is that it allows varying degrees of 
disaggregation. 
It also provides a straightforward analysis of policy-induced effects. 
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(b) CRITICISM OF THE PAM 
Despite its strengths, the PAM approach has been criticized because of its static nature. 
Some do not consider the results realistic in a dynamic setting. 
One of the ways to overcome this limitation is to conduct sensitivity analysis under 
various assumptions4 . 

7.0 COMPETITIVENESS ANALYSIS 

The analysis of the competit iveness of carrot imports from various sources was based 
on a comparison of the simulated landed price of carrots imported from Jamaica versus the 
domestic wholesale price of other imported carrots from Costa Rica and the USA. A 
competit ive advantage in importing carrots is defined as the extent to which the price of the 
landed product is below the competitors' prices in the same marketplace. The analysis was 
conducted by using the low and high prices for carrots from Miami and Costa Rica and was 
benchmarked against the Cost Plus Profit ex. Kingston, Jamaica. 

7.1 Prices used in the Analysis 

The low and high prices in the international market for 2008/09 were used to estimate 
the feasibility of importing carrots into Trinidad and Tobago from Jamaica (Table 4). The Costa 
Rica and USA carrots landed at the port and cleared, delivered and placed on the Macoya 
Wholesale Market, Trinidad, were used as the benchmarks. 

Table 4: Carrots Prices from Various Sources of Supply 

Market Size / Packaging 
Low - High, Free on Board 

Prices (USD/kg) 
USA- Miami Terminal Sacks 48 1 -lb film bags - (size not specified) 0 .30 -0 .59 

Costa Rica Sacks 48 1 -lb film bags - (size not specified) 0 .50 -0 .83 

Jamaica Cost of Production + Processing and Profit 0.81 

7.2 Freight 

An important cost component in the importation of commodit ies is the respective freight 
rates from origin. The refrigerated cargo freight rates from the ports of origin are presented in 
Table 5: container from Miami cost USD 4,900/shipment or USD 0.20/kg, and Costa Rica USD 
4,500/shipment or USD 0.19/kg. Other parameters used in the calculation of landed prices are 
presented below in Box 1. 

4 Pearson, Scott R. and Monke, Eric A. The policy analysis matrix for agricultural development Cornell University Press (Ithaca) 
http://www.getcited.org/?PUB=102722762&showStat=Ratings 
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able 5: Refrigerated Cargo Freight Rates from Various Sources of Origin 

Origin 

Freight Rates, Container Size: 40 ft. 
25 Ts or 55,000 lbs Origin Cost 

(USD/shipment) Cost (USD/kg) Estimated Cargo 
Transport Time 

Costa Rica $4,710 $0.19 1.5 to 2 wks 
Miami $4,900 0.20 1 wk 
Jamaica $3,000 0.12 1 wk 

Parameters in the Calculation of Landed Prices 
Box 1 

Rates and Charges Applied to Imports 
i. Freight Freight rate per kg as given by shipping firms using a volume of 25 Ts 

/ 40 ft reefer unless otherwise stated. 
ii. Insurance Insurance at a rate of USD 0.01/kg. 
iii. OER An official exchange rate of $TT 6.30 = USD 1.00. 
iv. Duty The CET of 40% applies to carrot imports from all extra-regional 

countries except Costa Rica. 
v. Broker's Fee Broker fee is applied at a rate of 2% on the cif. 
vii. Port Charges Port Charges applied at a rate of USD 129 plus USD 23.00 per import 

bill of landing per shipment. 
viii. Handling & 
Transport 

Internal transport estimated at $US 250. 

ix. Interest Interest for financing is charged at a rate of 12% per annum. 
x. Cold storage cost Cold storage cost charged at a rate of $US 0.04/kg. Estimated time in 

cold storage is three months maximum. 
xi. Marketing margin of 
importer 

Marketing margin of importer estimated at 15%. 

Mark-Up and CET: This import competitiveness analysis for carrots assumed an importer's markup of 
15% on imports and the 40% CET was applied on all imports except those originating in Costa Rica. 

8.0 RESULTS: 

8.1 CARROT COST OF PRODUCTION IN JAMAICA 

Currently, an estimated 80 to 90% of the carrots are sold to higglers at the farm gate, at 
which time, the produce is sorted and marketed in three informal grades (1, 2 and 3), with grade 
one being of best quality, which comprises approximately 33% of the crop. The cost of 
production was computed based on field data obtained from typical carrot farmers in St. 
Elizabeth (Table 6). The 0.4 hectare plot recorded a yield of about 5,455 kilograms. 
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8.2 Price Competitiveness 

The two major suppliers on the Trinidad and Tobago market (Costa Rica and the USA) 
were more competitive against the simulated imports from Jamaica in the case of the low import 
prices from these countries. However, against high import prices these countries were 
marginally competitive against simulated imports from Jamaica. The 40% CET waiver afforded 
to Costa Rica has placed Jamaica in an uncompetitive position. (It is apparent that the Costa 
Rica price was increased to match the ex-USA price, which does not enjoy CET waiver). 

Jamaica will be marginally competitive against the current major suppliers on the 
Trinidad and Tobago market when the competitors' prices are high indicated by the NPC = 1.01 
from Costa Rica and NPC = 1.06 from the USA. 

Table 7: Competitiveness of Simulated Imports of Carrots from Jamaica Competing with Costa 
Rica and the USA on the frinidad and Tobago Market (2008/09 Market Prices) 

Source of Imports NPC Jamaica Price Differential against Costa Rica and the USA 
Costa Rica Low price 

High price 
NPC = 0.68 
NPC = 1.01 

+USD 0.38 
-USD 0.01 

Miami - USA Low price 
High price 

NPC = 0.68 
NPC = 1.06 

+USD 0.39 
-USD 0.06 

At the high market prices from Costa Rica and the USA, Jamaica's carrots were 
competing with costs of USD 0.01/kg and USD 0.06/kg lower than the respective competitors on 
the Trinidad and Tobago market. When the competitors are supplying the market at their low 
prices, Jamaica's simulated prices were USD 0.38/kg and USD 0.39/kg higher, respectively. 
Costa Rica occupies a marginally better competitive position in the Trinidad and Tobago 
wholesale market based on the NPC and market price differential (and the waiver of the CET 
gives them much more flexibility). 

8.3 Analysis of Jamaica's Comparative Advantage 

DRCs greater than one indicate that the value of domestic resources used to produce 
the commodity exceeds its value added in social prices. The DRC of 1.74 (using the low price in 
Trinidad and Tobago) indicates that Jamaica does not have a comparative advantage in 
producing carrot as it relates to the use of foreign exchange. Using the high price in Trinidad 
and Tobago the DRC was 0.66, which indicates that at that price the domestic resources used 
to produce the commodity are less than its value added in social prices, thus giving Jamaica a 
comparative advantage as it relates to the use of foreign exchange. 

9.0 Conclusion 

From the analysis, the data suggest that the simulated imports of carrots will be price 
uncompetitive against the low market prices and will be marginally competitive against high 
market prices from Costa Rica and the USA in the Trinidad and Tobago carrot market. From 
field visits to Jamaican carrot producers, one finds that the high cost of production may be due 
to inefficiencies in field production. Given the proximity of Jamaica to Trinidad and Tobago and 
the intrinsic trading relationships that lie therein, this represents a good market for Jamaica, 
should the country be able to increase its production and to compete on the basis of quality and 
price. It is recommended that Jamaica pursue the initiative, and after successful entry in the 
lucrative Trinidad and Tobago market, the other CARICOM markets may then be targeted for 
entry. 
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Annex 
rable Annex Table A1 : World and CARICOM Imports of Carrots (2005 - 2007) 

2005 2006 2007 2005/07 average 

Importers USD Volume USD Volume USD Volume USD Volume Importers (000) (Ts) (000) (Ts) (000) (Ts) (000) (Ts) 
World 968,938 1,746,032 1,155,866 1,934,885 1,190,882 1,883,252 1,105,229 1,854,723 

CARICOM 4,768 7,140 7,079 7,820 6,902 7,502 6,250 7,487 
Trinidad and 

Tobago 2,275 3,908 3,296 4,511 3,496 4,492 3,022 4,304 

Bahamas 1,527 834 1,634 795 1,054 543 
Guyana 410 324 490 389 475 553 458 422 

Barbados 431 445 418 435 444 413 431 431 
Saint Kitts/ 

Nevis 127 271 145 304 179 336 150 304 

Belize 128 914 141 359 156 323 142 532 
Saint Lucia 511 609 563 501 156 172 410 427 

Jamaica 380 109 148 121 116 138 215 123 
Grenada 126 114 150 107 101 92 126 104 
Antigua 241 236 42 51 67 91 117 126 

Dominica 23 28 22 27 29 37 25 31 
Saint 

Vincent 74 100 99 126 24 33 66 86 

Montserrat 19 30 18 31 18 18 18 26 
Suriname 21 9 11 24 4 9 12 14 

Haiti 2 43 9 3 5 14 
Data Source: ITC Database based on Comtrade Statistics 
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ABSTRACT: With the future of the banana export industry in the Windward Islands in serious 
doubt, this paper considers the potential of Agro-tourism for the resuscitation of the industry. 
The banana industry and tourism are the main industries in the Windward Islands. The banana 
industry in the Windward Islands of Dominica, Grenada, St. Lucia and St. Vincent and the 
Grenadines has undergone constant turmoil from the inception of the industry in the 1930s to 
present. The mass exodus of banana farmers in the early 1990s saw a movement into the 
tourism sector to sustain their livelihood. This paper examines the potential of Agro-tourism as 
an opportunity for banana producing communities through diversification, the promotion of 
entrepreneurship, education and general well being of citizens. The banana industry offers 
several opportunities in the areas of agro/eco/heritage tourism as a supplier of premium 
commodities: fresh fruit for table with all the health benefits; preparation of exotic dishes like 
soused banana; plantain for cooking and chips; and farm tours combined with some exposure to 
local customs such as foods and cultural dances. This new paradigm is not the panacea for 
rural renaissance, but it presents a window of opportunity to embark upon revitalizing the rural 
banana industry that has for too long never had sustained growth. Special attention has to be 
paid to the ways in which the development of tourist attractions could encourage changes in 
attitudes toward rural assessment and entrepreneurship. This paper examines what this means 
for any improvements in the banana industry and the question of how we can (or we should) 
broaden/widen the banana product base in the Caribbean to create greater wealth. 

Keywords: Banana industry, Windward Islands, Agro-tourism 

INTRODUCTION 

The banana industry was once the economic backbone, sustaining the populace of the 
islands of Dominica, St. Lucia and St. Vincent and the Grenadines for over five decades. These 
last fifty years have been punctuated with various challenges which have threatened the very 
survival of the banana industry and the livelihood of the banana farmers. The industry has 
succumbed to low productivity rates and rising cost of inputs as well as continuous competition 
from Latin American producers. 

The Windward Islands banana is primarily grown on small farms (between one to two 
hectares) in hilly areas, usually owned and maintained by local family farmers. These farms are, 
by and large, unmechanized and unirrigated. Production is significantly different from the "Dollar 
banana" grown in Latin America, where the farms are large, relatively flat/ gently sloping, highly 
mechanized and run by major multinational corporations with the use of cheap peasant labour. 
Consequently, the production costs for Latin American bananas historically have been about half 
those of their Caribbean counterparts. 

These factors enable the multinational corporations to have high yields of banana that 
sell at a lower price relative to the banana grown by the small farmers of the Windward Islands. 
The small farmers of the Islands have been less competitive because of lower yields which are 
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obtained from small farms located on steep and difficult terrain highly susceptible to soil erosion. 
Yet small farmers in the Windward Islands continue to grow banana, although some have been 
advised against it. The rationale for this advice, among other things, is that the cultivation of 
bananas on very steep slopes by most small farmers results in lower yields due to soil erosion 
and fertility problems (Campbell et al., 2001). However, farmers contend that banana cultivation 
allows them to have access to inputs which they can use to increase the profitability of other 
crops within their farming system, thus making the total farming system economically profitable. 

Limited land for expansion on these small islands has meant that some of these soils 
have been farmed in some cases for over 40 years without crop rotation, all of which has 
resulted in decreased soil fertility, considerable soil erosion, and increased weed infestations 
with significant levels of the noxious weed including Commelina diffusa (watergrass). This weed 
which was once encouraged as a ground cover to reduce soil erosion (Edmunds, 1971) has now 
become a pesky problem as it has been identified as the host of the reniformis nematode 
(Rotylenchulus reniformis), the root burrowing nematode (Radopho lus similis), and the banana 
lesion nematode (Pra ty l enchus goodeyi) all of which significantly reduce banana production 
(Edmunds, 1971). Additionally, the banana industry has always been plagued with the threat of 
pest and disease, Moko disease (Rals ton ia solanacearum) and black sigatoka ( M y c o s p h a e r e l l a 
fijiensis) are the most recent threats to the industry. With these limitations, threats and problems, 
it is difficult for farmers from the Windward Islands to compete with the lower price of the 
multinationals from Latin America. 

Predicting the demise of the industry, many small farmers who have lost confidence in 
the banana industry have since exited, either by migration to surrounding Caribbean territories or 
by indulging in the socially unacceptable drug trade. On top of these woes, the industry has also 
suffered a further blow by the removal of the preferential treatment they enjoyed by the 
European Union. 

In order to overcome some of these economic and social drawbacks, thousands of 
farmers in the Windward Islands have adopted the Windward Islands Banana Farmers' 
Associat ion (WINFA) / Fairtrade (FT) initiative as the most logical solution (Myers, 2004). Today, 
FT has become more consolidated as the main mode of production in the Windward Islands. In 
St. Vincent and the Grenadines, for example, the FT marketing arrangement began with a total 
of 200 farms shipping an average of 1,000 boxes per week to 16 registered FT groups with 
1,138 registered farmers and an average export of 17,000 boxes per week. According to the 
European FT Associat ion (2006) "FT is a trading partnership, based on dialogue, transparency 
and respect that seeks greater equity in international trade. It contributes to sustainable 
development by offering better trading condit ions to, and securing the rights of, marginalized 
producers and workers - especially in the South (Myers, 2004). 

Farmers in the Windward Islands have described FT as "a shining light pointing us to one 
response to free trade if we are to survive at all in the export of agriculture. In fact, FT has been 
the saviour of the farmers in Dominica, not only of agriculture but the whole economy" (Fairtrade 
Foundation, 2004). The initiative has helped to maintain the extra-regional market for banana 
from the Windward Islands into the United Kingdom. In so doing, FT has enabled thousands of 
banana farm-families in the islands to sustain their livelihood as well as continuing to make an 
important contribution to the economies of these small island states (Personal Communicat ion, 
Mr. Renwick Rose, May 25, 2009). "By demystifying global relations of exchange and 
challenging market competit iveness based solely on price, the Fair Trade movement creates a 
progressive opening for bridging the widening North-South divide, and wresting control of the 
agro-food system away from oligopolistic transnational corporations, infamous for their socially 
and environmentally destructive business practices" (Raynolds, 2000). 

One of the pillars of the FT initiative is an emphasis on an environmentally friendly 
production, insuring both a healthy product to the consumer as well as a safer working 
environment, thus guaranteeing health benefits to farm workers. Thus, the need for more 
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sustainable production systems through the use of fewer chemicals, the promotion of 
diversification and an integrated approach to crop management is emphasized. To address the 
issue of finding alternatives to the chemical dependency and to meet FT criteria, the WINFA/FT 
unit in the Windward Islands in April 2006 embarked on a project "Advancement of 
Environmentally Friendly and Sustainable Banana Production". This project has sought to 
develop a more environmentally safe production system, to expand farmers' education/training 
support to farmers, to implement an effective farm waste collection and disposal programme, to 
provide technical support to rural farmers seeking new markets for FT banana and to expand the 
FT initiative to other agricultural produce. Since its inception, the project has accomplished the 
following achievements: 

• Structuring a system for collection and disposal of farm waste. 
• Farm training and public education of FT environmental criteria and other sustainable farm 

practices. 
• Training farmers in soil management and soil testing. 
• Developing a strategy for weed control without herbicides. Using participatory research 

methods, farmers, together with researchers, identified three cover crops that could reduce 
weed infestation and nematode damage, and that enhance soil fertility, thus providing a 
possible pesticide-free solution to some of the problems faced by low resource small 
banana farmers (Isaac et al., 2007). 

• Monitoring of record keeping in the use of pesticides, fertilizers and cleaning chemicals by 
FT farmers. 

Windward Island FT banana has also benefited from name recognition in the United 
Kingdom as coming from former colonies now familiar to many holidaymakers. Sainsbury, which 
is one of the major British supermarket chains, went to the Windward Islands to try to assist in 
the survival of small-scale farming in what has been referred to as one of the most dramatic 
corporate interventions in any country's economy since the 18th century (Vidal, 2007). The 
company announced that all the bananas it sold from that date on would be Fair Trade and that 
100 million would come from St. Lucia (Vidal, 2007). At present, the supermarket is buying 80 
percent of Dominica's export bananas and much of those from the other Windward Islands. 

Agr icu l ture and Tour ism in the Windward Islands 
Agriculture throughout the Caribbean has been facing significant decline on account of 

trade liberalization, the erosion of trade preferences in protected developed country markets, 
and a number of domestic problems, including natural disasters such as hurricanes, flooding and 
drought (Bain, 2007). Small banana producers in the Windward Islands will continue to face 
these and other challenges, especially those relating to pest and disease. The tourism industry, 
on the other hand, has shown a steady increase over the past decade. Since its recovery post 
September 11, 2001 terrorist attacks in the United States, the Caribbean region has been 
increasing its dependence on the tourism industry, given the uncertainty of traditional export-
oriented industries. The tourist of today is generally more eager to learn about the social, 
environmental and political issues, while enjoying the sun, sea, exotic flora, vibrant culture and 
food. 

It should be emphasized, however, that the tourism industry has developed largely from 
sectors such as agriculture. Unfortunately, agriculture has had limited development as it has 
mainly supported the export trade. Currently, Hayle et al. (2006) point out that there is no 
established durable dynamic for agro-tourism despite the availability of the resources, the 
interest of the key stakeholders, and the increasing demand for goods and services to be 
supplied from this synergized industry. The emphasis should therefore be in developing 
agriculture-tourism linkages to enhance the local value added of the tourism industry, while at 
the same time promoting the development of domestic agriculture. 
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Potential fo r Agro- tour ism to revive the banana industry 
There are a number of issues to be determined if agro-tourism is to revive the banana 

industry in the Windward Islands. Firstly, how can a dying banana industry benefit from the 
concept of agro-tourism? Secondly, how can the farming experience and everyday plight of the 
farmer within the farming community be marketed into a "touristic" product? And finally, what is 
the potential for value added products of the banana industry? 

Agro-tourism is a potentially attractive option that can be used in concert with FT. The 
concept of agro-tourism is a direct expansion of eco-tourism, which encourages visitors to 
experience agricultural life first hand. For example, visitors take the opportunity to work in the 
fields alongside farmers (Hayle et al., 2006). This plan will offer tourists the opportunity to be 
part of the banana production experience. This of itself can also be a very powerful marketing 
tool for the industry. The first-hand banana production experience can serve as an incentive for 
tourists to actually purchase more bananas on their return home, and to also advertise through 
word of mouth. Drawing from the success of agro-tourism in Jamaica, agro-tourism within the 
banana revitalization context can be defined as the strategic utilization of the tourism system to 
reposition the FT banana-producing Windward Islands. The tourism product can be marketed as 
a healthy lifestyle destination based on value-added products (raw, minimal and end process) 
derived from inputs from its unique biodiversity (terrestrial and marine), strategic clustering of the 
supply chain and empowerment of the micro-enterprise sector in both the agriculture and tourism 
sectors through community-based agro-tourism initiatives. 

The emergence of a more specialized tourism product will help to improve the situation of 
the Windward Islands banana farmers. However, there is need for continued exploration of the 
FT option as it can provide the "bread and butter" foundation on which other initiatives can be 
developed. There is the potential for diversification within the banana industry itself, namely the 
development of niche markets for unique varieties of bananas such as the small "lunch box" 
bananas, e.g., "sucrier" or exotic varieties, e.g., "figue rose", which is a pink-fleshed banana. 
Additionally, there is the possibility of the processing of banana into a variety of products such as 
baby foods, condiments, snack foods, and so on. Recent structural changes within the Windward 
Islands banana industry have been focusing on diversification initiatives even beyond a single 
crop (banana). In St. Vincent and the Grenadines, for example, the Montaque Products Ltd., an 
Agro-processing factory on a 12-acre farm was launched in 2007 to address such initiatives in 
the wake of increasing challenges to banana producers. 

Hayle et al. (2006) state that if the key drivers of these multi-sectoral linkages are not 
sufficiently actualized, the dynamic for agro-tourism will not be sustained. To achieve its full 
potential the approach must be based on: 

1. Using a matrix management approach by first identifying a leader who can manage the 
development of agro-tourism for a period until it can be sustained. 

2. Promoting the new agro-tourism product which will attract foreign and domestic markets by 
emphasizing a healthy lifestyle destination. 

3. Developing an agro-tourism policy with input from the Ministries of Agriculture, Tourism and 
Health. 

4. Stimulating policies aimed at micro-enterprise development with a view of encouraging 
more people to participate in the creation of small business relating to agro-tourism. 

5. Creating policies that address financing for research and development. 
6. Creating a long-term sustainable link with agriculture and tourism focusing on value added 

products. 

Agro-tourism is very important for both urban and rural communities. A developed agro-
tourism sector can provide the impetus needed to build banana-producing communities within 
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the Windward Islands, thus providing new structures of opportunity, new sources of income. 
Accommodation in farmers' homes will mean extra income for the farmer, thereby activating the 
rural areas, preserving natural sources, and also offering recreation and education for the urban 
community thus providing new possibilities for production. It can, therefore, promote sustainable 
development by empowering communities through the cohesive strength among key 
sociopsychological, economic and environmental aspects (Figure 1). 

» P r o m o t i o n and * Job cteatlou 
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culture s t a-* s 111 c o i m i l l , m t > ' 
Education: change ' D e v e l o p m e n t o f 
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• Entrepreneursliip 

Ο 
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conservat ion o t 
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rural environment 

E M P O Y Œ R M E N T O F C O M M U N I T Y 
S U S T A I N A B L E D E V E L O P M E N T , LESS L E A K A G E 

Chaney St. Martin, 2009 

Figure 1. The benefits of Agro-tourism 

For true empowerment to be achieved, people need help acquiring technology, skills and 
information about how to attract enterprises. They need to know about environmental issues 
and how to use the resources that are already available. To address this task, an initiative by a 
research team from the Department of Food Production, The University of the West Indies (UWI) 
is underway. It will assist WINFA/FT in St. Vincent and the Grenadines to work with a model 
farming community in Langley Park (Figure 2). The stages in the project include actions to: 

1. Develop a feasible plan of action. 
2. Engage policy makers and planners to "buy-in" to concept 
3. Sensitize target community (ideally 10 to 15 farmers, namely women and younger farmers, 

in Langley Park banana farming community). 
4. Conduct site visits and assessment: farming communities representative of difficulties of 

production in the Windward Islands. 
5. Conduct a series of Focus groups with stakeholders: community groups, governmental and 

non governmental, private. 
6. Participate in Strategic Planning workshop 
7. Seek Funding 
8. Implement a phased plan 
9. Establish model communities 
10. Participate in monitoring and evaluation 
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Banana agro- tour ism: Banana produc ing communi t ies serv ic ing the key sectors of 
tour ism 

In the context of this proposed study, the focus will be on community-based tourism, 
which will be the vehicle to provide the link through the eight sectors of tourism as outlined in the 
proposed model for Langley Park (Figures 2 and 3). 

There are three distinct products and potential markets that can be derived from the 
development of agro-tourism within the proposed community-based project in the Windward 
Islands: 

1. Production of raw products (banana and other fruits, vegetables, meats, seasoning) to 
service potential target markets such as hotels, festivals and attractions throughout the 
Caribbean region. 

2. Production of minimal process products (raw products packaged for convenience) to 
service domestic households, the Diaspora, festivals, attractions. 

3. Production of end point processing (raw products processed to finished goods ready for 
export) to both domestic and export markets. 

Adapted from: CTO, 2000 
Figure 2. Proposed Langley Park model for community-based agro-tourism servicing the eight 
sectors of tourism. 
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Figure 3. Conceptual model for Agro-tourism for the Windward Islands banana industry 

CONCLUSIONS 

Planners of efforts to sustain the banana industry would be mindful that agro-tourism is 
not a panacea for rural renaissance. However, a sustainable, customised agro-tourism sector 
can be the foundation of a wider process of development which places emphasis on minimizing 
negative environmental and social costs (Hayle et al., 2006). Because of the fact that at present 
the strength of the linkages and competit iveness of the sectors directly impact the reduction of 
food costs and imports, careful attention must be paid to the development of low cost high value 
products and services. This will require Research and Development involving collaborative and 
participatory work, as well as feasibility studies and on-farm research. Information and 
incentives will also be crucial in this regard. 
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ENHANCING BREADFRUIT CONTRIBUTION TO FOOD SECURITY IN THE CARIBBEAN 
THROUGH IMPROVED SUPPLY 

Laura B. Roberts-Nkrumah, University of the West Indies, Trinidad and Tobago. Email: 
Laura.Roberts-Nkrumah@sta.uwi.edu 

ABSTRACT: Breadfruit (Artocarpus altilis) has been designated a food crop for conservation for 
food and agriculture under the International Treaty for Plant Genetic Resources for Food and 
Agriculture. This crop was first introduced to the Caribbean more than 200 years ago to enhance 
food security in the region, and it played this role in the post-emancipation period. Since then, 
levels of consumption have fallen and among the tropical starchy crops grown in the region, the 
least attention has been paid to enhancing the potential of this crop to contribute to food security. 
Recent research has shown that a demand for breadfruit exists in Trinidad and Tobago but that 
supply may limit the level of consumption. This paper outlines the results of studies on the 
supply of breadfruit in Trinidad and Tobago. The objective of the first study was to describe the 
status of breadfruit production in Trinidad and Tobago and a survey was conducted from 2008 to 
2009 among producers to collect the data to supplement information supplied by the 2004 
Agricultural Census. The results indicate that producers perceived an increased demand in the 
local market and that production was also increasing. However, supply was seasonal, which was 
related to limited cultivar availability and consumer cultivar preferences. The second study 
examined the potential for extending the availability of breadfruit through the use of several 
cultivars and was based on yield data from the University of the West Indies breadfruit 
germplasm collection. The results showed that with early- and late-bearing cultivars and those 
that bore fruit in more than one season annually, it was possible to obtain the fruit almost year-
round. These results have implications for the conservation and use of already existing 
germplasm in the Caribbean and for the wider distribution of more recently introduced cultivars. 

Keywords: Artocarpus altilis, Cultivars, Seasonality 
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DEVELOPMENT OF ELECTRONIC IDENTIFICATION RESOURCES IN SUPPORT OF FOOD 
AND BIO-SECURITY 

M. Haseeb, R.W. Flowers, and M.T.K. Kairo*, Center for Biological Control, College of 
Engineering Sciences, Technology and Agriculture, Florida A&M University, Tallahassee, FL 
32307-4100, United States, Corresponding Author: Email: Moses.Kairo@famu.edu; Fax: 850-
412-7263 

ABSTRACT: Invasive pests can have major impact on natural and agricultural systems, 
ultimately affecting food and bio-security in general. Repeated experiences from throughout the 
world have demonstrated that the ecological and economic costs for dealing with pest invasions 
are highly significant, especially when compared to investments in pest prevention strategies. In 
contrast, biological control agents are considered a vital part of natural and agricultural systems 
for their role in managing pests below economic injury levels. One vital step in pest prevention 
strategies is immediate and accurate identification of potential pests before these are able to 
spread and impact on agricultural and natural resources. It is also essential to be able to identify 
biological control agents. Taxonomists have the primary support role for identifying and/or 
verifying the identification of these species. Individuals responsible for supporting detection and 
identification of potential pests are depending further on electronic identification resources to 
support their activities, and for sharing their knowledge. Electronic identification resources, 
including keys, tools, species informational sheets (biology, ecology, distribution, hosts, etc.), 
and images are not yet available for many pest groups; however, each year we are seeing the 
electronic identification resource library growing. The Center for Biological Control is engaged in 
the development and also deployment of such identification resources by using the Internet, 
which facilitates easy access. To this end, we have deployed an identification tool for weevil 
biological control agents of aquatic and terrestrial weeds in the United States and Canada using 
a Lucid platform. Also in progress are two further such tools on pests (chrysomelids and weevils) 
and beneficial species (weevil pollinators) on cultivated palms, and invasive weevil species of 
economic importance which are present in the Caribbean and are of concern to the United 
States. 

Keywords: Identification, Invasive Pests, Bio-security 

INTRODUCTION 

Globalization has brought social and economic benefits to humankind in numerous 
countries, especially the United States and the Caribbean countries because of high agricultural 
trade and tourism. This phenomenon also brought new and serious challenges. One of the most 
significant of these challenges is the threat posed by serious invasive pest species to agriculture 
and the environment. No time in history has seen such a high rate of biological invasion as 
currently seen in the United States and the Caribbean countries. Consequently, the negative 
impact on agriculture and the environment is reported to be very high (McNeely et al., 2001; 
Reaser et al., 2003). This impact is evident in Florida, where for instance during the period since 
1971, invasive insects have been arriving and becoming established on the shores of Florida at 
a rate of 10 species per year (Frank and Thomas, 2004). This overwhelming establishment of 
invasive species causes regulatory concerns and serious management challenges at the state, 
national, and international levels. 

To illustrate the enormity of the problem, it is instructive to note that the port of Miami 
alone receives perishable agricultural products from over 125 nations around the globe (Roberts, 
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2004). The first line of defense is the federal inspection in the 25 air and sea ports followed by 
intense scrutiny by state officials and inspections both on the ground and in the 22 state 
interdiction stations and roving gamma ray trucks. At each stage, accurate identification of pest 
species associated with the products to be imported is urgently required. An effective 
preventative action at source with the trading partner countries also requires accurate 
identification of species of concern. In the Caribbean for instance, the need for better 
identification services was identified as a key issue in order to deal with the long list of invasive 
species in the region (Kairo et al., 2003). 

The components of an effective safeguarding system include offshore risk management, 
port-of-entry exclusionary measures, quarantine, pest detection, and emergency response. A 
central element of any safeguarding system is the need for accurate and timely identification and 
diagnostics of pest species. This need has been increasing tremendously in recent years at a 
time when the taxonomic profession is undergoing serious attrition. For instance, between 1994 
and 2000, quarantine pest interceptions at ports of entry in Florida rose by 162% (Klassen et al., 
2002). Thus, there is an urgent need to develop innovative approaches to aid in pest 
identification at ports of entry, and also during numerous pest and biodiversity surveys and 
monitoring programs. Computer based decision support tools (keys and information on species), 
hereafter referred to as Identification and Diagnostic Tools, offer a unique solution by capturing 
knowledge resident in the diminishing number of biosystematists, and complex taxonomic keys 
together with other information available in the literature, in a simple, and easy to use 
macromedia (text, images, illustration, clips) using internet browser. 

TOOLS/RESOURCES DEVELOPMENT 

In order to develop identification tools and resources, high definition images of each 
species are required. Images were taken by using Auto-Montage Pro Imaging System. In 
addition, we have used Lucid, Factsheet Fusion, Photoshop CS3, Dreamweaver CS3 computer 
software for the development and deployment of these tools on the Internet. 

STRUCTURE OF ELECTRONIC IDENTIFICATION 

The structural nature of taxon description is ideal for its incorporation into computer 
assisted programs for subsequent output in a variety of formats such as interactive keys. Despite 
this structure, there is a great variation in organization and content of descriptive data that 
prevents the seamless exchange of information between different formats. Electronic 
identification resources are being standardized by us and others to support end-users. 
Dichotomous keys which follow a single pathway of character state choices for a particular insect 
species have been primary tools for identification for more than two centuries. However, a 
revolution in computer diagnostics is now under way, a revolution that may result in the 
replacement of traditional keys by matrix-based computer interactive keys. These keys have 
many paths to a correct identification and make extensive use of hypertext to high definition 
images, glossaries, and other support information (Figures 1 & 2). The structured nature of 
taxonomic descriptions and species diagnostic characters are ideal for its incorporation into 
computerized programs for subsequent output in a variety of formats such as interactive keys, 
natural language taxonomic descriptions as well as phylogenies. An example of a single species 
character matrix is provided in Table 1. Despite this structure, there is a great variation in the 
organization and content of descriptive data that prevents the seamless exchange of data 
between electronic formats. 

Matrix-based electronic interactive keys are composed of three basic components: i) a 
database in the form of matrix of character states scored for a set of species, ii) a computer 
program that queries the database, and iii) a user interface that allows for information input and 
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/or user choices. With advances in computer technology, matrix-based interactive keys have 
become easier to construct and use in diagnostics, particularly as Web-based tools. Two basic 
kinds of Web-based interactive keys are i) stand-alone program that requires the installation of 
specific software that is often tied to a particular computer operating system, and ii) browser 
programs written in Java language or Extended Makeup Language (XML). 

Stand-alone programs have their own user interface; however, the browser programs run 
in an Internet browser. Numerous efforts to develop identification and diagnostic tools for insect 
pests have been ongoing for the last two decades, but in the last 10 years interest has picked up 
(Cranston, 2005; Walter and Winterton, 2007). This increase is in part due to development of 
user friendly macromedia matrix-based interactive keys, and one in particular, LucidTM (referred 
hereafter simply as Lucid), has emerged as a universal popular tool (Anon., 2005; Cranston, 
2005; Norton et al., 2000). These authors also provide an overview of the operation and potential 
offered by these macromedia matrix-based interactive identification and diagnostic tools. While 
web-based expert identification systems are in many respects an improvement over the old 
hard-copy dichotomous key, they will not solve all identification problems and have some unique 
problems of their own. Foremost of these is the temptation to over-divide character states. For 
example, four or five categories of "oval" may make sense to an expert in beetles, but even with 
illustrations it may be confusing to a port inspector trying to decide whether a specimen is 
elongate enough to be "elongate-oval". A related problem is over-defining colors. Several 
varieties of reddish brown may be very useful to a specialist but confusing to someone who is 
not experienced with that particular group of reddish brown plants or animals. Color becomes 
even more problematical because the browsers of the key creator and the different users will all 
be rendering colors slightly differently. And of course no program will produce an unambiguous 
identification if the basic taxonomy of the group is poorly done, rudimentary, or based on faulty 
field data. 

Some matrix-based interactive keys available on the Internet are provided in Table 2. 
Among these, we selected the Lucid matrix because it is superior in the insect taxonomic work 
and universally available. It provides wide variety of choices for our intended project, such as for 
taxonomic descriptions, diagnostic characters, Hyper Text Markup Language (HTML), Joint 
Photographic Experts Group (JPEG), and it uses high quality text, images (JPEGs) and 
illustrations for its interactive features. The Lucid system was developed by University of 
Queensland (Australia) and consists of a Builder and a Player. The Builder allows academic 
professionals, taxonomists or decision support scientists to build and even revise identification 
and diagnostic tools and deploy them on the WWW. While the Player allows users to browse 
Lucid based tools, which can incorporate texts, images, videos, and even sounds to assist the 
user in selecting those taxonomic and diagnostic characteristics which best describe the 
particular pest species within a very limited time. Also, the completed tools are deployed on 
compact diskettes (CDs) for the end-users who do not have Internet access. 
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Figure 1. Example of a user interface that is found in the digital identification key on invasive 
pests from the Caribbean countries to the United States. 
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Table 1. Character list of a single species, Diaprepes abbreviates matrix. 
Characters States 
Size 
Body shape 
Humeri: 
Predominant color (cuticle) 
Predominant color (scales) 
Circular scales 
Strap-like scales 
Rostral length 
Rostral width 
Antennal morphology 
Antennal club 
Prothoracic collar 
Prothoracic carina(e) 
Prothoracic tubercle(s) 
Pronotal depression 
Pronotal depression orientation 
Scutellum shape 
Elytral carina(e) 
Elytral tubercle(s) 
Elytral spicule(s) 
Mesothoracic epipleuron 
Leg color (cuticle) 
Leg color (setae) 
Trochanteral shape and length 
Femoral armature 
Tibial armature of apices 
Tibial armature (inner row of teeth) 
Third tarsus shape 
Vestiture type: 
Vestiture coverage 
Wax-like coating 
Pygidium 

14 mm, 18 mm [9.5 to 19.0 mm] 
Elongate-oval 
Rectangular 
Black 
White, orange 
Present 
Absent 
Short 
Broad 
Elbowed 
Pointed, symmetrical 
Not raised (side view) 
Absent 
Absent 
Present 

Longitudinal 
Round 
Present* 
Absent 
Absent 
Not ascending and not visible in dorsal view 
Black 
Grey 
Triangular and short 
Unarmed 
Foretibia with mucrone 
Present 
Bilobed 
Scales 
Dense, in bands or patches 
Present** 
Concealed by elytra 

*Alternate intervals raised, convex not sharp. 
** True of all Diaprepes, often lost in preservation. 
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Table 2. Some matrix-based digital identification resources available on the internet. 
Interactive Keys URLs 
LBAMid 
Tools for diagnosing light brown moth 
PIAkey 
Identification guide to invasive ants of the 
Pacific Islands 
WBBW 
Wood Boring Beetles of the World 
Identification Tool for the Weevil Biological 
Control Agents of Aquatic and Terrestrial 
Weeds in the United States and Canada 
Key to the Schrankia of Hawaii (Lepidoptera: 
Noctuidae) 
Megaloptera- Larvae of Californian 
Megaloptera 
On The Fly 
The Interactive Atlas and Key to Australia Fly 
Families 

http://www.lucidcentral.org/keys/v3/LBA 

http://www.Lucidcentral.org/keys/v3/PIAkev 

http://www.lucidcentral.org/keys/v3/wbb 

http://www.famu.org/weeviltool/ 

http://www.lucidcentral.com/keys/viewkeydetails.aspx 
?Keyld=408 
http://www.lucidcentral.com/keys/viewkeydetails.aspx 
?Keyld=403 
http://www.lucidcentral.org/keys/viewKeyDetails.aspx 
?id=346 

Several national and international agencies are presently focusing on the possibility of 
expanding the use of Lucid-based identification and diagnostic tools including the USDA, APHIS, 
ARS, California Department of Food and Agriculture, University of California, Florida A&M 
University, Marine Biological Laboratory (Massachusetts), National Museum of Natural History 
(Washington, DC), Smithsonian Institution (Washington, DC), University of Alberta and 
University of Guelph (Canada), the Commonwealth Scientific and Industrial Organization 
(CSIRO) of Australia. 

CONCLUSION 

Pathway identification keys (dichotomous keys) have been the basis of insect 
identification for more than two centuries; however, they have inherent structural issues. Each 
key has a single entry point and only one set of choices produces a correct identification of 
specimen. In contrast, digital (matrix-based) can solve many issues inherent in pathways keys. 
Because these provide more than one key in the stand-alone computer assisted program as well 
as embedded background information of single insect species including common name, 
scientific name, distribution, hosts, ecology, and biology. These new identification resources will 
go some way toward alleviating the taxonomic impediment, especially with better coordination 
between those who develop these resources and who use them. Taxonomists have the primary 
support role for identifying and/or verifying the identification of these species. Individuals 
responsible for supporting detection and identification of potential pests are depending further on 
electronic identification resources to support their activities, and for sharing their knowledge. 
According to numerous taxonomic experts, the identification of invasive pest specimens based 
on electronic identification may require no more than a brief check of critical characters. Such 
seemingly quick and easy insect identification is what the end users of these resources would 
like to acquire. We are confident these resources provide all necessary knowledge to identify 
species accurately in a limited time and effort. 
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IMPACT OF SOARING FOOD PRICES AND THE GLOBAL FINANCIAL MELTDOWN ON THE 
AGRICULTURAL SECTOR AND FOOD SECURITY IN JAMAICA 

Stacy Rose, Ministry of Agriculture and Fisheries, Jamaica. Email: sarose@moa.gov.jm 

ABSTRACT: The sharp increase in the prices of major agricultural commodities throughout the 
latter part of 2007 and 2008 on the world market was due to structural and climatic factors and 
has resulted in increased food insecurity and poverty in many developing countries. Small, 
vulnerable, open economies, such as that of Jamaica, which are heavily dependent on imports 
to meet their food needs have experienced considerable price increases in basic food items. The 
stabilization of food prices in the latter part of 2008 was offset by the global financial crisis that 
had its roots in the sub-prime mortgage predicament in the United States. This crisis has 
resulted in the reduction in the availability of credit and a general attitude of risk aversion 
globally. Jamaica has seen a sharp increase in interest rates, sharp devaluation of its currency 
and an overall reduction in consumer's purchasing power. The slow contraction of the economy 
means that increased unemployment and a reduction in overall economic activity will result in 
greater food insecurity in the nation, especially amongst vulnerable groups. These pressures 
have led the Government to renew and intensify its focus on agriculture as an engine of growth 
for the economy and also a vital source of food security. The agricultural sector has suffered 
from years of neglect because of the liberalization policies pursued on the basis of the 
recommendations of international financial institutions, which served to reduce the capacity of 
the agricultural sector and its institutions as evidenced by the falling GDP contribution of the 
sector and reduced production levels. The Government of Jamaica is now pursuing a strategy to 
restructure the sector on the basis of improved technology, marketing, value chain development, 
public-private sector partnerships, and a sound facilitatory framework to include credit, 
insurance, institutional strengthening and business development. This strategy is expected to 
lead to a sustained increase in production and productivity and a diversification of the base of 
the agricultural sector into more non-traditional commodities and value added products. 

Keywords: Food crisis, Financial crisis, Food security 
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THE IMPORTANCE OF BREADFRUIT GROWN IN HOME GARDENS IN ST. VINCENT AND 
THE GRENADINES 

Michael Gloster and Laura Roberts-Nkrumah, University of the West Indies, Trinidad and 
Tobago. Email: Laura.Roberts-Nkrumah@sta.uwi.edu 

ABSTRACT: St. Vincent was the first recipient of the breadfruit introductions to the Caribbean 
more than 200 years ago. Since then, the crop has become an important staple that is produced 
for both the domestic and export markets. The crop is grown both on farms and in home 
gardens, but there is no information on total levels of production or consumption. A survey was 
conducted in St. Vincent and the Grenadines in 2009 to determine the level of breadfruit 
production in home gardens and the contribution to household diets. Data are presented on tree 
population, germplasm diversity, levels of breadfruit consumption, methods of utilisation and 
factors influencing consumption. The information provided has implications for the future 
expansion of the breadfruit industry in St. Vincent and the Grenadines. 

Keywords: Production, Consumption, Utilization 
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STRATEGY FOR THE DEVELOPMENT OF AGRO-FORESTRY SYSTEMS IN THE CA YON-
PHILLIPS AREA OF ST. KITTS 

Eric Browne, Department of Agriculture, St. Kitts. Email: scramba_21@yahoo.com 

ABSTRACT: The federation of St. Kitts and Nevis faces many challenges that threaten its 
socioeconomic and cultural development. Among them is the need to elevate its self-sufficiency 
in the production of food and forestry products to satisfy the growing local demand. The agro-
forestry system is a productive alternative to elevate the level of the food security and forestry 
products to satisfy the socioeconomic and cultural necessities of the community. The objective of 
the investigation is to determine the strategic theoretical foundations for the development of 
agro-forestry systems in the Cayon-Phillips area on the island of St. Kitts. To assess the current 
situation of the farming community in view of the development of agro-forestry systems in the 
area, a system of forestry extension was employed using tools, such as individual and group 
interviews, surveys, chats, workshops, field days, observation and documental analysis. 
Statistical analysis including the Test Kruskal -Wal l is and the Yamane (1967:886) formula (n 
with a 95% confidence level and P=0.5) = 320 households were applied to obtain the results. 
Analysis showed that the farming system of Cayon-Phillips is being influenced by several 
factors, such as road maintenance and mechanization, shortage of man power for farms, 
commercialization of products, high production cost, the high incidence of dog attacks on sheep 
and goats, high incidence of roaming livestock, damage to crops by monkeys, and the limited 
access to land for agriculture. In light of the current situation of the community and the necessity 
of elevating the level of food and forest products self-sufficiency, a strategy was laid out for the 
development of agro-forestry systems in the Cayon-Phillips area through the establishment and 
maintenance of home gardens, farm improvement and agro-forestry cooperatives considering 
the socio-economic, cultural and ecologic characteristics of the Cayon-Phillips community. In 
conclusion, to elevate food and forest products self-sufficiency in Cayon-Phillips, the laid out 
strategy for the development of agro-forestry systems must be implemented. 

Keywords: Food security, Home gardens, Agro-forestry 
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THE WIDE RANGE OF CONDENSED TANNINS IN CARIBBEAN BASIN PLANTS AND THEIR 
APPLICABILITY TO RUMINANT PRODUCTION SYSTEMS 

James P. Muir1, Tom Terrill2, Elide Valencia3, Stuart Weiss4, P.D. Jones5, J. Mosjidis6, and 
Richard Wolfe1. 1Texas AgriLife Research, 1229 North U.S. Hwy 281, Stephenville TX 76401 
USA j-muir@tamu.edu; 2Fort Valley State University; 3University of Puerto Rico; 4University of 
the U.S. Virgin Islands Experiment Station; Mississippi State University; 6Auburn University 

ABSTRACT: Plant condensed tannins (CT) have varied effects on ruminants that consume 
them. Some, such as reduced palatability or fiber digestibility, are negative; many are beneficial, 
including rumen bypass (escape) protein and reduced infestation of gastro-intestinal nematodes. 
Condensed tannins are found almost exclusively in dicotyledonous plants but our efforts have 
focused on quantifying CT concentrations in legumes because these have the additional benefit 
of providing high levels of protein to ruminants. As part of the Southern Consortium for Small 
Ruminant Parasite Control (http://www.scsrpc.org/) we have compiled a list of leguminous and 
non-leguminous forage and browse species found in the Caribbean Basin that contain 
condensed tannins. To date, our list contains herbaceous legumes that have up to 5% N, and 
total CT (TCT) that vary from 0 to 16.7% when self-standards were used. Non-legume 
herbaceous forbs were equally high in Ν but contained very low TCT concentrations. Browse 
legumes tended to have lower CT values than herbaceous legumes when a legume was used as 
a standard. Some non-legume browse species ranged up to 9.3% TCT when a self-standard 
was used. These results indicate that a wide variability in CT concentrations exists among 
herbaceous and browse species throughout the Caribbean Basin, and these may be useful in 
improving ruminant nutrition and health. Many more species need to be analyzed, however, 
especially using self-standards to determine not only TCT but those fractions bound to protein. 

Keywords: Condensed tannins, Herbaceous legumes, Browse legumes 

RESUMEN: Los taninos condensados (TC) de plantas tienen efectos variados en los rumiantes 
que los consumen. Algunos efectos, tales como reducciôn en palatabilidad ο digestibilidad de la 
fibra, son considerados negativos. Sin embargo, existen efectos benéficos, incluyendo un 
pasaje (by-pass) de proteina del rumen al intestino delgado y una reducciôn en infestaciôn de 
nematodos gastrointestinales. Los taninos condensados se encuentran casi exclusivamente en 
plantas dicotiledôneas, pero nuestro esfuerzo se ha enfocado en cuantificar las concentraciones 
de TC en leguminosas porque éstas tienen el beneficio adicional de proveer altos niveles de 
proteinas para los rumiantes. A través del Consorcio de los Estados del Sur para el Control de 
Parâsitos de Pequenos Ruminantes (http://www.scsrpc.org/) se recopilô una lista de forrajes 
leguminosos y no leguminosos encontrados en la Cuenca del Caribe que contienen TC. Hasta 
hoy, las leguminosas herbâceas en nuestra lista contienen hasta un 5% de N, y el total de TC 
varia de 0 hasta 16.7%, cuando sus propios parâmetros son usados. Las plantas de hoja ancha 
que no son leguminosas, igualmente son altas en N, pero contienen muy bajas concentraciones 
totales de TC. Las leguminosas arbustivas, tipo ramoneo, tienen niveles bajos de TC cuando se 
usa una leguminosa como estândar. Algunas especies arbustivas de tipo ramoneo que no son 
leguminosas tienen un rango hasta de 9.3% de TC total cuando se utiliza el mismo estândar de 
la planta. Estos resultados indican que existe una gran variabilidad en concentraciones de TC 
entre especies herbâceas y de ramoneo a través de la Cuenca del Caribe y éstas pueden ser 
muy utiles en mejorar la nutriciôn y la salud de los rumiantes. Sin embargo, muchas mâs 
especies necesitan ser analizadas, especialmente utilizando nuestros propios parâmetros para 
determinar no solamente los totales de TC, sino aquellas fracciones adheridas a la proteina. 
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INTRODUCTION 

Our understanding of the role plant condensed tannins (CT) play in small ruminant 
production systems has expanded as our research into these polyphenolic compounds has 
deepened. Domesticated ruminant production systems have avoided plants with CT because 
early discoveries indicated their role was largely negative (Makkar, 2003; Reed et al., 1990), an 
extension of the anti-nutritive value in protecting plants from insect herbivory (Feeny, 1975). 
Greater in-depth research has shown, however, that ruminants, as evolutionary late-comers, 
have adapted CT to their benefit. These benefits include improved protein utilization through 
rumen-escape protein (McNabb et al., 1993), greater tolerance of gastro-intestinal nematodes 
(Iqbal et al., 2007) and fewer incidents of rumen bloat when ingesting nutritionally rich forages 
(Min et al., 2004). 

Because legumes are known to have both CT (Reed, 1995) and high concentrations of 
crude protein (Muir et al., 2005), these legumes are useful to ruminant production, especially 
small ruminants. Native and naturalized Caribbean legumes are of particular interest because 
they are adapted to local soils, pathogens, pests and climatic conditions. As an example, 
Lehman et al. (2005) list over 30 native and naturalized legume genera present along the Texas 
coastal bend alone. 

The objective of this article is to list all plant species collected in the Caribbean Basin that 
our Texas AgriLife Research laboratory has assayed for the presence of CT. This is not a 
comprehensive study of all plant species but rather a sketch of the wide range in CT 
concentrations found in the region. These and future assays indicate that there is a potential for 
harnessing these species to improve ruminant, especially small ruminant, nutrition and health 
within the Caribbean region. 

MATERIALS A N D METHODS 

Introduced, naturalized and native legumes were collected from coastal North American 
states, Puerto Rico and St. Croix and assayed for the presence of CT. Leaves, seed pods, 
stems, or whole plants were either freeze-dried (FD) or air-dried (AD) prior to shipping to the 
AgriLife Research Center at Stephenvil le, TX, USA. Because sample preparation has a 
measureable effect on CT fractions (Wolfe et al., 2008), these are reported. Terrill et al.'s (1992) 
method was used to assay extractible (ECT), protein-bound (PBCT) and f iber-bound (FBCT) 
fractions. Because the source of CT used in establishing standard curves greatly affects 
absolute values (Wolfe et al., 2008), we also report which extract we used for each species. In 
some cases quebracho (Sch inops is balansae) or sericea lespedeza (Lespedeza cuneata) were 
used as a universal standard whereas in others a self-standard was used to establish the curve 
as recommended by Wolfe et al. (2008). Nitrogen (Elementar C&N Analyzer, Mt. Laurel, N.J.) 
and acid detergent fiber (van Soest & Robertson, 1980) concentrations were also reported when 
available. 

RESULTS 

Condensed tannin concentrations varied considerably among the species analyzed. Only 
six herbaceous legumes contained no or essentially no CT and most of these were annuals or 
short-lived perennials (Table 1). With the exception of Rumex spp., non-leguminous forbs had 
negligible CT concentrations. 
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Table 1. Herbaceous (forb) species collected from the Caribbean Basin tested for condensed tannins. 

L e g u m e f o r b s Part Dry A D F Ν ECT FCT PCT TCT LC TCT Q TCT Sel f 
Acacia angustissima var. hirta Whole AD 20 2.7 0.3 0.0 0.2 0.5 10.7 
A. altissimavar. hirta Whole FD 5.8 0.5 1.6 7.9 
Arachis glabrata Florigraze Whole AD 0.0 0.1 0.2 0.2 
Calliandra calothyrsus Whole AD 6.6 0.3 5.6 12.5 
Chamaecrista fasciculate Whole AD 0.2 0.1 0.8 1.1 
Cratylia argentea Whole AD 34 3.7 0.0 0.5 2.1 1.1 8.3 2.6 
Desmanthus acuminatus Whole AD 22 3.2 4.8 0.0 0.6 5.4 
Desmanthus illinoensis Whole AD 25 2.8 3.6 0.0 0.5 4.1 
Desmodium canum Leaves AD 26 4.3 0.2 0.0 0.2 0.4 1.5 
D. heterocarpum Leaves AD 2.2 0.3 1.7 4.2 
D. heterocarpum Stem AD 0.0 0.3 0.2 0.5 
D. heterophylum Whole AD 1.8 0.1 1.3 3.2 
D. paniculatum Whole AD 37 2.4 6.5 0.5 5.3 140 12.3 
D. nicaraguensis Whole AD 0.0 0.1 0.6 0.7 
D. tweedy Leaves AD 35 2.2 0.5 0.1 0.8 1.4 
Galactia regularis Leaves AD 2.1 0.3 1.7 4.1 
G. regularis Stem AD 0.0 0.0 0.2 0.2 
G. volubilis Whole AD 28 2.4 3.3 0.0 0.8 4.1 
indigofera spp. Leaves AD 13 4.9 0.2 0.2 0.6 1.0 7.3 
/. hirsute Whole AD 1.4 0.1 0.2 1.7 
1. miniata Whole AD 28 2.4 2.7 0.0 1.4 4.1 
Lespedeza cuneata GA Whole OD 26 2.4 7.8 0.2 3.1 11.1 80.8 
L. cuneata GA Whole FD 26 2.1 
L. cuneata Donnelly Leaves AD 36 2.2 10.6 0.1 2.8 13.5 92.4 
L. cuneata Donnelly Leaves FD 37 2.3 12.9 0.1 2.0 15.0 100.2 
L. cuneata Grazer Whole AD 33 2.3 9.6 0.2 2.9 12.7 86.8 12.7 
L. cuneata Grazer Whole FD 38 2.6 14.8 0.1 1.8 16.7 111 16.7 
L. cuneata Grazer Hay AD 1.3 0.4 4.6 6.3 6.3 
L. cuneata Grazer Pellets AD 0.6 0.4 5.3 6.3 6.3 
L. cuneata 176 Whole AD 34 2.2 6.3 0.1 2.7 9.1 64.6 
L. cuneata 176 Whole FD 38 2.2 13.2 0.1 1.7 15.0 100.1 
L. cuneata Interstate Whole AD 33 1.9 11.7 0.1 3.0 14.8 100.6 
L. cuneata Interstate Whole FD 41 2.3 14.6 0.1 1.9 16.6 110.1 
L. cuneata Lota η Whole AD 30 2.5 8.9 0.1 2.9 11.9 82.8 
L. cuneata Lota η Whole FD 36 2.4 10.4 0.1 2.3 12.8 86.9 
L. cuneata Serala Whole AD 36 2.1 11.2 0.1 3.3 14.6 99.9 
L. cuneata Serala Whole FD 41 2.1 13.7 0.1 2.4 16.2 108.7 
L. cuneata Serala 76 Whole AD 40 2.5 11.4 0.1 3.1 14.5 99.3 
L. cuneata Serala 76 Whole FD 37 2.4 13.6 0.1 2.1 15.8 106.0 
L. procumbens Whole AD 27 1.8 4.9 0.0 1.7 6.6 76.2 
L. procumbens Whole FD 62.1 6.3 12.4 80.8 
L. stuevei Whole AD 30 1.8 9.5 0.2 2.3 87.5 12.0 
L. stuevei Whole FD 51.4 2.7 9.2 63.3 
Macroptiiium iathyroides Whole AD 17 5.0 0.1 0.0 0.3 0.4 2.9 
Neptunia lutea Whole AD 30 2.7 1.8 0.0 0.5 2.3 
N. pubescens Whole AD 28 2.5 3.1 0.0 0.8 3.9 
Rhynchosia americana Whole AD 25 2.1 3.8 0.0 0.7 4.5 
R. senna var. texana Whole AD 25 2.4 2.0 0.0 0.8 2.8 
Strophostyies heivuia Whole AD 33 2.3 0.0 0.0 0.1 0.1 
S. leiosperma Whole AD 30 2.6 0.0 0.0 0.2 0.2 
Tephrosia chrysophyia Whole AD 2.6 0.3 1.9 5.5 
N o n - l e g u m e f o r b s Part Dry A D F Ν ECT FCT PCT TCT LC TCT Q TCT se l f 
Amaranthus spp. Leaves AD 0.0 0.1 0.1 0.2 
Chenopodium ambrosoides Whole AD 2.4 0.1 0.7 3.2 
Piantago aristata Leaves OD 29.6 2.8 0.1 0.2 0.4 0.7 0.4 
P. aristata Leaves FD 25.1 3.2 0.1 0.1 0.2 0.4 2.6 
Rumex crispus Leaves OD 20.6 4.6 0.1 0.1 1.4 1.6 12.2 

R. crispus I Leaves | FD | 26.4 | 3.8 | 0.4 | 0.1 | 1.0 | 1.5 | 10.0 
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Sida spinosa Leaves AD 16 3.5 0.1 0.1 0.1 0.3 2.4 
S. spinosa Leaves FD 14 3.8 0.1 0.1 0.1 0.3 2.0 

bound condensed tannins; TCT LC, total condensed tannins Lespedeza cuneata standard; TCT Q, total condensed 
tannins quebracho standard; TCT self; total condensed tannins self-standard; FD, freeze dried during sample 
preparation; AD, air dried during sample preparation. 

Among the leguminous browse species, the presence of CT was more uniform but generally 
of lower concentrations compared to that of herbaceous legumes (Table 2). Non-legume browse 
species and vines were split evenly between those that did and those that did not have CT. All 
agro-industrial byproducts collected from seed processing showed the presence of CT (Table 3). 

Accessions or cultivars within species also varied widely in CT concentrations as 
exemplif ied by L. cuneata. Where a comparison between self- and quebracho-standard was 
possible, the use of quebracho amplif ied the concentrations, reinforcing Wolfe et al.'s (2008) 
conclusion that self-standards should be used to obtain absolute values to test individual species 
for CT concentrations. Changing drying method had little effect on TCT concentrations but strongly 
influenced distribution among fractions. 

These results indicate that the variation in CT concentration among species and the wide 
variance within species' ecotypes found in the Caribbean Basin can be harnessed to improve 
ruminant nutrition or health. A greater number of species should be tested, especially 
concentrating on those that are abundant and selected by small ruminants. The results also 
indicate that much research remains to be carried out on these species in testing high protein, high 
CT legumes that may produce the same effects on ruminants as do established cultivated forages 
such as Lespedeza cuneata. 
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Table 2. Browse species collected from the Caribbean Basin tested for condensed tannins. 
B r o w s e l egumes Part Dry A D F Ν ECT FCT PCT TCT LC TCT Q TCT se l f 
Acacia spp. Leaves AD 19.0 3.6 0.9 0.2 0.8 1.9 13.5 
Albizia procera Leaves AD 56.0 3.7 0.2 0.5 4.1 4.8 37.3 
Albizia julibrissin AR Leaves AD 38.3 3.6 0.3 0.1 0.6 1.0 6.9 
A. julibrissin TX Young leaves AD 17.7 0.3 0.1 0.3 0.7 6.0 
A. julibrissin TX Young leaves FD 18.5 0.2 0.2 0.1 0.5 3.8 
Cajanus cajan Leaves AD 26.0 4.2 1.0 0.1 1.9 2.1 18.0 
Caiiiandra spp. Leaves AD 60.0 3.1 0.2 0.4 1.5 2.1 16.5 
Gieditsia triacanthos Leaves AD 51.0 2.0 4.8 0.3 2.0 7.1 48.1 
G. triacanthos Leaves FD 39.0 2.0 0.7 0.1 0.6 1.4 9.2 
Giiricida sepium Young leaves AD 9.0 3.6 0.2 0.1 0.3 0.6 3.8 
G. sepium Mature leaves AD 34.0 2.7 0.2 0.2 2.7 3.1 22.9 
Moringa oieifera Leaves AD 15.0 4.1 0.2 0.1 0.3 0.5 3.4 
Leucaena ieucocephaia Leaves AD 14.0 2.8 3.7 0.3 0.6 4.6 18.0 
L. ieucocephaia Green pods AD 29.0 4.0 3.4 0.1 1.6 5.1 34.0 
L. retusa Leaves AD 37.4 3.1 0.3 0.2 0.8 1.3 10.0 
L. retusa Leaves FD 35.1 3.3 1.8 0.1 0.5 2.4 16.2 
Sesbania sesban Leaves AD 30.0 3.8 0.1 0.1 1.4 1.6 11.9 
N o n - l e g u m e b r o w s e Part Dry A D F Ν ECT FCT PCT TCT LC TCT Q TCT se l f 
Antigonon ieptopus Whole AD 32.0 3.7 2.2 0.2 3.0 5.4 38.0 
Azarza Whole AD 40.0 4.4 0.6 0.5 2.9 4.0 29.4 
Eiaeagnus umbellate Leaves AD 0.8 0.0 0.7 1.5 
Hibiscus rosa-sinensis Leaves AD 0.0 0.0 0.0 0.0 
Juniperus ashei Leaves AD 6.3 1.6 1.4 9.3 
J. ashei Leaves FD 4.5 1.2 1.5 6.2 
Lonicera morrowii Leaves AD 0.1 0.1 0.5 0.7 
L. sempervirens Whole AD 19.2 2.5 0.1 0.1 0.3 0.5 3.3 
L. semprevirens Whole FD 14.1 2.5 0.1 0.1 0.3 0.5 2.6 
Morus alba Leaves AD 18.0 2.9 0.1 0.1 0.3 0.5 2.8 
Mother's tongue Leaves AD 39.0 2.0 0.1 0.0 0.9 1.0 7.4 
Quercus havardii Leaves AD 36.0 1.6 0.3 1.4 3.3 12.5 
Q. havardii Leaves FD 26.0 2.1 2.8 0.2 0.6 3.6 23.2 
Q. virginiana Leaves AD 0.0 0.0 0.2 0.2 
Rhus copaiiina TX Leaves AD 0.2 0.0 0.0 0.2 1.5 
R. copaiiina TX Leaves FD 0.1 0.0 0.1 0.2 1.6 
Rhus spp. AR Leaves AD 16.6 4.2 0.3 0.1 1.9 2.3 16.8 
Rhus spp. AR Leaves FD 14.2 4.4 0.4 0.1 1.1 1.6 11.0 
Rosa multiflora Leaves AD 7.3 0.0 1.3 8.6 
Rubus cuneifoiius Leaves AD 3.9 0.1 0.6 4.6 
Rubus spp. Leaves AD 16.8 1.9 0.1 0.1 0.4 0.6 4.2 
Rubus spp. Leaves FD 13.8 2.5 0.1 0.1 0.6 0.8 6.2 
Rubus tri vi a lis Leaves AD 0.0 0.1 0.3 0.4 
Salix babyionica Leaves AD 22.7 2.3 0.1 0.1 0.5 0.7 4.3 
S. babyionica Leaves FD 24.7 2.3 0.1 0.1 0.4 0.6 3.8 
S. scouleriana Leaves AD 23.0 2.8 0.3 0.3 2.3 2.9 22.0 
S. scouleriana Leaves FD 24.2 2.8 1.1 0.3 1.9 3.3 24.0 
Smiiax rotundifoiia TX Leaves AD 54.0 2.1 0.6 0.4 2.3 3.3 23.5 
S. rotundifoiia TX Leaves FD 44.0 2.1 0.8 0.2 0.7 1.7 12.7 
S. rotundifoiia MS Leaves AD 2.0 0.1 1.3 3.4 
Sweet lime AD 28.0 2.2 0.1 0.1 0.3 0.5 
Yucca AD 39.0 1.3 0.2 0.0 0.2 0.4 2.1 

bound condensed tannins; TCT LC, total condensed tannins Lespedeza cuneata standard; TCT Q, total condensed 
tannins quebracho standard; TCT self; total condensed tannins self-standard; FD, freeze dried during sample 
preparation; AD, air dried during sample preparation. 
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Among the leguminous browse species, the presence of CT was more uniform but generally 



Table 3. Agro-industrial byproducts collected from the Caribbean Basin tested for condensed tannins (CT). 
Byproduct Part Dry ADF Ν ECT FBCT PBCT TCT CT Standard 

used 
Almond Hulls AD 35 0.98 3.6 0.2 2.2 40.96 Quebracho 
Peanut Skins AD 1.8 0.1 2.2 4.1 Self 
Pecan Membranes AD 3.6 1.6 19.7 24.9 Lespedeza 

cuneata 
ADF, acid detergent fiber; ECT, extractible condensed tannins; PBCT, protein-bound condensed tannins; FBCT, 

fiber-bound condensed tannins; AD, air dried during sample preparation; TCT, total condensed tannins. 
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EFFECTS OF DIFFERENT LEVELS OF NITROGEN APPLICATION AND CUTTING 
INTERVALS ON THE DRY MATTER YIELD OF MULATO ( B R A C H I A R I A HYBRID) AND 
TANNER ( B R A C H I A R I A ARRECTA) GRASSES 

A. Hosein1, N. Gibson1, and H. Ramlal2. 1Caribbean Agricultural Research and Development 
Institute (CARDI) University Campus, St. Augustine, Trinidad, W.I. Email: ahosein@cardi.org, 
ngibson@cardi.org 2Sugarcane Feeds Centre, Pokhor Road, Longdenville, Trinidad, W.I. Email: 
sfc@carib-link.net 

ABSTRACT: One of the methods identified for increasing forage production and the carrying 
capacity of the land is via the introduction of new and improved grass species. In keeping with 
this method, a factorial arrangement in a randomised complete block design was used to 
compare the effects of different levels of nitrogen (N) and cutting intervals on the dry matter (DM) 
yield of an improved grass, Mulato (Brachiar ia sp.) to that of a local grass, Tanner grass 
(Brachiaria arrecta). At land preparation, agricultural limestone, triple super phosphate and 
muriate of potash were applied at rates of 1,000 kg/ha, 100 kg /ha and 100 kg/ha, respectively. 
The area was rotovated immediately after this application and plots (9 m χ 3 m) were cut. Tanner 
was planted from cuttings of mature plants. Mulato seeds were sown. Seventy-seven days after 
planting, all plots were cut back to six inches by using a motorized brush cutter and Ν was 
applied according to treatment, signaling days zero of the regrowth (RG). Harvesting began 
according to treatment, three, six and nine weeks thereafter. After each harvest, plots were cut 
back. Harvesting continued for seventy-two weeks. Fresh and dry weights were recorded. Data 
was analyzed by using Genstat Release 11.1 statistical software and Minitab 15 statistical 
software. Analysis of the data shows that at 0 kg Ν application, the three-week RG between 
species varied significantly (P<0.01) with Mulato and Tanner yielding 58,846 kg DM and 46,448 
kg DM, respectively, over the 72-week period. However, with Ν applications of 100 kg/ha/yr and 
200 kg/ha/yr, yields within and between species were statistically not different. Where no Ν was 
applied and the RG was harvested at six weeks, no differences were observed. At 100 kg Ν 
application, the yield of Mulato (49,385 kg DM) was higher (P<0.05) than that of Tanner grass 
(41,885 kg DM). Increasing Ν application to 200 kg bears no significant benefit (P>0.05) in terms 
of dry matter yield between or within species. With regard to dry matter yield at nine weeks RG, 
there was a significant response (P<0.05) by Tanner grass when fertiliser was applied at the 
200-kg Ν level when compared to DM yields at 0 and 100 kg N. The highest dry matter yields for 
both grasses were obtained in the three-week regrowth with Ν applications of 200 kg. Yields 
were 68,479 kg DM for Mulato over the study period and 54,177 kg DM for Tanner. 

Keywords: Forage, Mulato, Tanner, Dry matter 

INTRODUCTION 

Most of the grasslands in the tropics are found in marginal areas with low fertility status 
and are invaded by non-palatable species which dominate the area with increased grazing 
pressure (Moog, 1991). Moog (1991), citing Humphreys (1972), further noted that protein 
deficiency is very common in tropical grasses, particularly in the native species. These are 
characteristics of most pastures in Trinidad and Tobago. As a result, most farmers have become 
dependent on commercial concentrate feed to meet the nutrient requirements of their ruminant 
stock, with forage being used as a supplement. However, the consequence is an increase in the 
cost of production. 
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In an attempt to promote and increase forage production in Trinidad and Tobago, CARDI 
has identified an improved grass species Mulato (Brach ia r ia Hybrid - CIAT 36061) and is in the 
process of evaluating and comparing this species with the most commonly used grass forage in 
Trinidad, also a Brachiaria species, Tanner (Brach ia r ia arrecta). Holmann et al. (2004) noted that 
the process of adopting pasture technology is quite different from that of adopting crop 
technology. Holmann et al. (2004) stated further that the adopting and establishing of new 
pastures and farms is a long term, highly complex decision that requires previous analysis and 
involves numerous biological and economic risk factors. The most basic determination required 
is that of dry matter yield (DMY). DMY of forage is usually used as an indicator of the carrying 
capacity of the land. Nutrient composit ion is also reported in the context of the dry matter. 

In Trinidad and Tobago, the common practice is to cut or graze forage at six-week 
intervals. There is a dearth of information relating to dry matter yield of pastures when grazed 
over an extended period and cut at six-week intervals. This paper reports on work done to 
compare the dry matter yields of Mulato and Tanner grasses when cut at three-six-and nine-
week intervals over two growing seasons with applications of 0, 100 and 200 kg N/ha/yr. This 
information will assist farmers in on-farm forage budgeting and will ensure the opt imum use of 
forage resources for ruminant livestock production. 

MATERIALS A N D METHODS 

A factorial arrangement in a randomized complete design was developed (Figure 1) to 
evaluate the effects of different levels of nitrogen (N) and cutting intervals on dry matter yield of 
mulato (Brachiaria hybrid) and Tanner (B. arrecta) grasses. Soil pH was determined before land 
preparation. The land was ploughed. Limestone, triple super phosphate, and muriate of potash 
were applied at rates of 1,000 kg/ha, 100 kg /ha and 100 kg/ha, respectively. The area was 
rotovated immediately after this application and plots (9 m χ 3 m) were cut. Tanner was planted 
from cuttings of mature plants. Mulato seeds were sown. 

Seventy-seven days after planting, all plots were cut back to six inches using a motorized 
brush cutter, and Ν was applied according to treatment, signaling days zero of the regrowth 
(RG). Harvesting began according to treatment, three, six and nine weeks thereafter. Harvesting 
continued for seventy-two weeks. 

Samples were collected by throwing a 40 cm χ 40 cm quadrant onto plots while facing in 
the opposite direction (one sample per plot). The respective grass species within the quadrant 
was cut at a height of six inches above the ground by using a grass knife. The fresh weight of 
each sample was recorded, after which procedure samples were placed in an oven (105°) for 24 
hours. The dry weight was recorded and dry matter percentage and yield were calculated. 

Data was analyzed using Genstat Release 11.1 statistical software and Minitab 15 
statistical software. 
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Figure 1. Randomised block design for 18 treatments and three replicates 

Design Layout 
Plot_Number P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13P14 P15 P16 P17 P18 
Reps 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Treatment 9 12 7 4 17 6 2 8 10 16 3 13 15 11 1 14 5 18 

Plot_Number P19P20 P21 P2 P2 P2 P2 P2 P2 P28 P29 P30 P31P32 P33 P34 P35 P36 
Reps 2 2 2 2 3 4 5 6 7 2 2 2 2 2 2 2 2 2 
Treatment 9 13 11 2 2 2 2 2 2 6 2 16 14 15 12 18 17 4 

3 8 1 5 7 10 

Plot_Number P37P38P39 P4 P4 P4 P4 P4 P4 P46 P47 P48 P49P50 P51 P52 P53 P54 
Reps 3 3 3 0 1 2 3 4 5 3 3 3 3 3 3 3 3 3 
Treatment 17 9 12 3 3 3 3 3 3 1 16 15 4 2 18 5 6 10 

13 14 11 3 7 8 

Treatment key 

Factor 
Grass species 

Factor Factor 
Cutting interval Treatment labels Factor 

Grass species Fertiliser application rate Factor 
Cutting interval 

1 1 1 1 

2 1 1 2 
3 1 1 3 

4 1 2 1 

5 1 2 2 

6 1 2 3 
7 1 3 1 

8 1 3 2 

9 1 3 3 
10 2 1 1 

11 2 1 2 

12 2 1 3 

13 2 2 1 
14 2 2 2 

15 2 2 3 

16 2 3 1 
17 2 3 2 
18 2 3 3 

Factor species: 1-Mulato 2- Tanner 
Factor fertiliser application rate: 1) 0 kg/ha/yr; 2) 100 kg/ha/yr; 3) 200 kg/ha/yr 
Factor cutting interval: 1) three-week interval; 2) six-week interval; 3)- nine-week interval 
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RESULTS 

Soil pH was determined to be 5.4 (0 to 15-cm depth) and 4.82 (15 to 30-cm depth) at 
land preparation. At 0 kg Ν application, the three-week RG between species varied significantly 
(P<0.01) with Mulato and Tanner yielding 58,846 kg DM and 46,448 kg DM, respectively, over 
the 72-week period (Table 1). However, with Ν applications of 100 kg/ha/yr and 200 kg/ha/yr, 
yields within and between species were statistically not different. This finding suggests that the 
initial RG occurs more rapidly for Mulato than for Tanner grasses. Nitrogen is not crucial at this 
early stage but applications of 100 and 200 kg/ha/yr are indeed helpful to increase yield. 

Table 1. Effect of nitrogen application on dry matter yield of Mulato and Tanner grasses over 72 
weeks- three weeks regrowth. 

Nitrogen application Mulato 
Dry matter yield (kg) 

Tanner 
Dry matter yield (kg) 

Mean ± SEM Mean ± SEM 
0 kg N/ha 58,846 ± 853 46,448 ± 1,800 * * 

100 kg N/ha 61,646 ±2,552 50,975 ±4,371 NS 
200 kg N/ha 68,479 ±3,731 54,177 ±4,368 NS 

NS NS 
SEM- standard error of mean, NS: non significant (P>0.05), *P<0.05, **P<0.01, ***P<0.001 

Where no Ν was applied and the RG was harvested at six weeks, no differences were 
observed (Table 2), as by this time the tanner grass may have begun to rapidly develop stolons, 
the stems of which are high in dry matter content. At 100-kg Ν application, the yield of Mulato 
(49,385 kg DM) was higher (P<0.05) than that of Tanner grass (41,885 kg DM). Increasing Ν 
application to 200 kg bears no significant benefit (P>0.05) in terms of dry matter yield between or 
within species. 

Table 2. Effect of nitrogen (N) application on dry matter yield of Mulato and Tanner grasses over 
72 weeks- six weeks regrowth. 

Nitrogen Mulato Tanner 
application Dry matter yield (kg) Dry matter yield (kg) 

Mean ± SEM Mean ± SEM 
0 kg N/ha 45,375 ±4,570 39,000 ± 3,063 * 

100 kg N/ha 49,385 ±2,010 41,885 ± 1,593 * 

200 kg N/ha 49,781 ±3,941 48,146 ±6,221 NS 
NS NS 

SEM- standard error of mean, NS: non significant (P>0.05), *P<0.05 

With regard to dry matter yield at nine weeks RG, there was a significant response 
(P<0.05) by Tanner grass when fertiliser was applied at the 200-kg Ν level when compared to 
DM yields at 0- and 100-kg N. There was no significant response (P>0.05) of Mulato to 
increasing levels of fertiliser application at the nine weeks RG; however, the DM yield of Mulato 
(48,802 kg DMY) was significantly (P<0.05) greater than that of Tanner (31,656 kg DMY) at 200 
kg Ν (Table 3). 
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Table 3. Effect of nitrogen application on dry matter yield of Mulato and Tanner grasses over 72 
weeks- nine weeks regrowth. 
Nitrogen Mulato Tanner 
application Dry matter yield (kg) Dry matter yield (kg) 

Mean ± SEM Mean ± SEM 
0 kg N/ha/yr 40,323 ±2,844 40,771 ±2,372 NS 
100 kg N/ha/yr 41,177 ±2,089 44,521 ±2,630 NS 
200 kg N/ha/yr 48,802 ±3,516 31,656 ±3,083 * 

NS * 

SEM- standard error of mean, NS: non significant (P>0.05), *P<0.05 

With no Ν application, dry matter yield of the three weeks RG of Mulato was higher 
(P<0.05) than that at six or nine weeks (Table 4). This was not observed in tanner grass. The 
three-week RG for tanner was higher than at six or nine weeks but of no statistical significance 
(P<0.05). Between species, significance (P<0.01) was observed only in the three weeks RG with 
Mulato yielding the higher levels of dry matter. 

Table 4. Effect of cutting interval on dry matter yield of Mulato and Tanner grasses over 72 
weeks- 0 kg N/ha/yr applied. 

Cutting interval Mulato Tanner 
Dry matter yield (kg) Dry matter yield (kg) 
Mean ± SEM Mean ± SEM 

Three weeks regrowth 58,846 ± 853 40,771 ±2,372 NS 
Six weeks regrowth 45,375 ±4,570 44,521 ±2,630 NS 
Nine weeks regrowth 40,323 ±2,844 31,656 ±3,083 * 

* NS 
SEM- standard error of mean, NS: non significant (P>0.05), *P<0.05 

At applications of 100 kg N/ha, the greatest yield of dry matter for both species was 
obtained at three weeks RG. However, statistically important differences occurred only for 
Mulato (Table 5). Between species, differences occurred only at the six weeks RG (P<0.05). 

Table 5. Effect of cutting interval on dry matter yield of Mulato and Tanner grasses over 72 
weeks- 100 kg Nitrogen/ha/yr applied. 

Cutting interval Mulato Tanner 
Dry matter yield (kg) Dry matter yield (kg) 
Mean ± SEM Mean ± SEM 

Three Weeks Regrowth 61,646 ±2,552 50,975 ±4,371 NS 
Six Weeks Regrowth 49,385 ±2,010 41,885 ± 1,593 * 

Nine Weeks Regrowth 41,177 ±2,089 44,521 ±2,630 NS 
* * NS 

SEM- standard error of mean, NS: non significant (P>0.05), *P<0.05, **P<0.01 

Applying 200 kg N/ha (Table 6) resulted in significant differences within specie for both 
Mulato (P<0.05) and Tanner (P<0.05). Differences were also observed between species at nine 
weeks (P<0.05) RG but none in the three- (P>0.05) and six-weeks RG (P>0.05). 
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Table 6. Effect of cutting interval on dry matter yield of Mulato and Tanner grasses over 72 
weeks- 200 kg N/ha/yr applied. 

Cutting interval Mulato Tanner 
Dry matter yield (kg) Dry matter yield (kg) 
Mean ± SEM Mean ± SEM 

Three weeks regrowth 68,479 ±3 ,731 54,177 ±4 ,368 NS 
Six weeks regrowth 49,781 ±3 ,941 48,146 ±6 ,221 NS 
Nine weeks regrowth 48,802 ±3 ,516 * 31,656 ±3 ,083 * 

* 

SEM- standard error of mean, NS: non significant (P>0.05), *P<0.05 

CONCLUSIONS 

The highest dry matter yields for both grasses were obtained in the three-week regrowth 
with Ν application of 200 kg/ha/yr. Yields were 68,479 kg DM for Mulato over the study period 
(72 weeks) and 54,177 kg DM for Tanner. Performance is a result of genetic and environmental 
effects. In this experiment the environment was the same for both grasses; therefore, differences 
obtained can only be attributed to genetic sources. 

On the basis of the results, it can be deduced that Mulato grass is superior to Tanner 
grass. However, it must be noted that although it is important to determine the dry matter yield of 
a forage, this is not the only consideration when selecting a pasture species. Whi teman (1980) 
rightly proffered that production of large quantities of dry matter of low nutritive value may be of 
little use on animal production. Essentially, the animal will be starving with only its dry matter 
requirement being met. 

One other factor to consider is crude protein content. John and Hosein (2008) found no 
differences (P>0.05) in crude protein content between Mulato and Tanner in a study where four 
forage species were compared. Also, with regard to Whiteman's (1980) suggestion that 
persistence, associative ability and ease of propogation of the species are some other factors to 
consider, John and Hosein (2008) observed that Mulato seemed to be more persistent than 
Tanner over time and cutting back at eight-week intervals. They also found that Mulato is more 
likely to be compatible with forage legumes. However, Tanner grass was easier to establish than 
Mulato. 

Further work required will be to determine nutrient composit ion and animal performance. 
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EFFECTS OF NITROGEN, PHOSPHORUS AND POTASSIUM FERTILIZATION ON THE 
GROWTH AND YIELD OF RADISH ON A VERTISOL 

H. Wilson, S. Persad and N. Persad, University of Trinidad and Tobago, School For Studies In 
Learning, Cognition and Education, O'Meara Campus via Arima 

ABSTRACT: In this agronomic study, the effects of varying levels of NPK fertilizers on the 
growth and yield of radish [Raphanus sativus (/.)] on Tarouba clay (fine montmorillonite, 
Aquentic Chromudert), were investigated. Tarouba clays are typical sugar cane Vertisols in 
South Trinidad allocated for '2-acre' small holder farms as part of the Caroni 1975 diversification 
programme. Nitrogen fertilization at the rates of 60, 120 and 180 kg/ha in the presence of 
varying rates of phosphorus (30, 60 and 90 kg/ha) and potassium (180 and 220 kg/ha) fertilizers 
were applied at planting under field conditions. The application of 120 kg N, 60 kg Ρ and 180 kg 
K/ha had a significant effect (P = 0.05) on all agronomic characteristics including leaf number, 
leaf length, root length, root girth, root weight and yield per hectare. Increased levels of nitrogen 
to 180 kg/ha had a significant impact on plant characteristics, with lower root length, root girth 
and yield per hectare, although the vegetative characteristics were also significantly lower. The 
response to levels of phosphorus and potassium were less pronounced, with significant effect at 
60 kg P/ha and no effect of potassium fertilizer. The yield response indicates that radish can be 
introduced as a niche crop on Southern Vertisols. 

Keywords: Radish yields, NPK fertilization, Vertisol 

INTRODUCTION 

Restructuring of Caroni (1975) Limited, a state owned, sugar based, agro industrial 
company in Trinidad and Tobago, and the subsequent decision to terminate sugar cane 
cultivation in 2003, have released 25,000 hectares of former sugar cane lands for diversified 
agricultural production. A significant challenge is the formulation of crops and soil management 
programmes, research based, and the provision of land use recommendation especially for the 
7,500 farmers provided with 2-acre farms. 

A large acreage, estimated at approximately 50,000 hectares of former sugar cane soils 
on the Naparima peneplain, South Trinidad are classified as Vertisols (Smith, 1983) and are 
responsive. Three principal soil series, namely 177 Talparo, 278/L Tarouba and 474/L Princes 
Town clay occupy approximately 20,801 hectares or 50% (Persad et al., 2001). These series are 
derived from Pliocene to Eocene clay shale to Miocene marl and Miocene clay shale as parent 
materials, and their properties are dominated by high levels (>51%) of montmorillonite clays 
(Brown and Bally, 1968). 

Vertisols, according to the FAO-UNESCO legend, are soils having 30% or more clay in 
all horizons to a depth of at least 50 cm, and they develop cracks from soil surface downwards 
(FAO, 1990). Nitrogen and phosphorus are the two important elements which are relatively low 
in Vertisols; with phosphorus, the problem is more unavailability than total phosphorus present in 
the soil (Dudal,1965). Vertisols in South Trinidad are inherently fertile soils, but their fertility has 
been depreciated by continuous sugar cane cultivation, soil erosion and unbalanced fertilizer 
application (Georges,1979). 

The chemical properties of 278/L Tarouba clay (soil on experimental site) analyzed in 
2008 are presented in Table 1. Nutrient levels, especially those of nitrogen, phosphorus and 
cation exchange capacity are acceptable for the cultivation of a wide range of crop plants. The 
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soil physical properties are dominated by typical Vertisol properties, including shrink swell 
properties, high water holding capacity, restricted internal drainage, low aggregate stability and 
gilgai micro relief (FAO, 1990). South Vertisols exist on slopes of 5° to 20° with significant soil 
erosion, soil movement and slumping. Therefore, agriculture is adversely influenced by technical 
constraints identified as inadequate drainage and irrigation infrastructure, tillage and soil 
management, crop selection and adaptation challenges. 

The objective of this agronomic study was to determine the opt imum fertilizer 
recommendat ions for the cultivation of radish [Raphanus sativus (L)] on the Tarouba clay. The 
use of radish, which is a non traditional vegetable crop with an excellent niche market in Trinidad 
and Tobago, can provide positive attributes as to the suitability of the crop with the potential for 
cultivation on '2-acre Vertisol farms' either as a monocrop or as an intercrop. The agronomic 
advantages include a short growing period of six to eight weeks and an ability to utilize stored 
soil moisture effectively. However, radish has a very high nutrient requirement and has 
demonstrated responses to NPK fertilizers and micronutrients in Indian soils. Joshi and Patil 
(1992) reported that there was significant increase in weight of foliage with increasing inter- and 
intra-row spacing and nitrogen and phosphorus levels. 

MATERIALS A N D METHODS 

Field experiments were conducted at the Agricultural Experimental Station, Corinth 
Campus of the University of Trinidad and Tobago in 2008 and 2009. The soil type was 278/L 
Tarouba clay (fine montmoril lonite Aquentic Chromudert). The soil physical and chemical 
properties are presented in Table 1. Forty-day-old radish seedlings cultivar White Chinese were 
transplanted on disced and cultivated seedbeds. A factorial arrangement of treatments in a 
randomized complete block design with four replicates was employed. Individual plot size was 3 
m χ 2 m with 18 plots per block. The fertilizer treatment levels were nitrogen (60,120, 180 
kg/ha), phosphorus (30, 60, 90 kg/ha) and potassium (180, 220 kg/ha). Seven days after 
planting, the fertilizer treatments were applied as calcium nitrate (15.5% N), potassium 
polyphosphate (52% P 2 0 5 , 34% K 2 0 ) and potassium sulphate (50% K 2 0) . High rates of 
phosphorus were applied as recommended by Shialaga and Sahrawat (1990) as phosphorus 
availability is low and soils are capable of fixing applied phosphorus as calcium phosphate 
because of the high base saturation of these soils. All plants received standard agronomic 
practices especially manual weed control and moulding. 

Four plants from each plot were sampled at random for evaluation of agronomic 
characteristics. Number and length of leaves, and length, girth and fresh weight of radish roots 
were recorded. Data were statistically analyzed by using General Linear Models (SAS Institute, 
Inc., NC). Signif icance was determined at the 0.05 probability level and means were separated 
by Fisher's Least Signif icance Difference (FLSD). 

Table 1: Selected Physical and Chemical Properties of 278/L Tarouba clay (0-30cm)* 
PHYSICAL PROPERTIES 

Texture 
Sand Silt Clay 
% % % 

Bulk Density 
g/cm 

Available Water/mm Infiltration 
Cm/h 

8 13 78 1.45 0.214 0.85-1.24 
CHEMICAL PROPERTIES 

pH Phosphorus 
Mg/kg 

Nitrogen 
g/kg 

Organic Carbon 
g/kg 

Calcium 
cmol/kg 

Magnesium 
cmol/kg 

Potash 
cmol/kg 

CEC 
cmol/kg 

6.8 11 2.6 32 35.6 5.2 1.3 45.2 
National Soil Testing Service, Centeno, Trinidad (2008) 
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Table 2: Effects of different levels of Ν, Ρ and Κ fertilizers on leaf and root parameters. 

Nutrient 
Levels kg /ha 

Number of 
Leaves 

Leaf Length 
(cm) 

Root Length 
(cm) 

Root Girth 
(cm) 

Root Yield 
(tonne/ha) 

Root 
Weight (g) 

Nitrogen 
60 16.0 15.5 14.2 13.9 14.7 0.27 
120 19.0 18.7 15.9 15.0 33.3 0.50 
180 14.0 15.4 15.4 14.6 10.0 0.18 

Phosphorus 
30 16.0 17.5 17.3 15.4 21.3 0.34 
60 17.0 18.0 15.8 14.7 20.8 0.39 
90 17.0 14.1 13.0 13.0 16.0 0.30 

Potassium 
180 17.0 17.8 15.7 15.1 21.0 0.33 
220 15.0 14.5 14.6 13.8 22.0 0.31 

LSD 5% 3.0 2.3 2.2 2.4 3.9 0.09 

RESULTS 

Foliage Growth 
Application of fertilizers significantly affected the foliage growth of the radish (average 

number and length of leaves). The result revealed that increase in the level of nitrogen fertilizer 
from 60 to 120 kg/ha in the presence of phosphorus and potassium fertilizers caused an 
increase in the number of leaves produced by the plant. The highest number of leaves per plant 
(19) was obtained with the treatment of 120 kg N/ha. However, with increasing levels of nitrogen 
fertilizers (180 kg/ha), the number of leaves produced decreased. On the other hand, no 
significant effect on the number of leaves per plant produced was obtained in the presence of 
phosphorus and potassium treatments (Table 2). Significant increases in leaf length were 
obtained also with the increase in nitrogen fertilizer rate from 60 to 120 kg/ha, and with 
phosphorus fertilizer increased rate from 30 to 60 kg/ha. In the case of potassium fertilizer, an 
increased rate of the fertilizer from 180 to 220 kg/ha caused a decrease in leaf length. These 
findings indicated that moderate levels of nitrogen fertilizers (120 kg/ha) in the presence of 60 kg 
P/ha and 180 kg K/ha fertilizers improved foliage growth of radish. However, high levels of 
nitrogen fertilizer (180 kg/ha) or high levels of potassium (220 kg/ha) fertilizers had a retarding 
effect on foliage growth of radish. 

Root Characters 
The results of the root characters of radish, that is root length, root girth and root weight, 

are presented in Table 2. With increasing nitrogen levels from 60 to 180 kg N/ha, no significant 
effect on root length and root girth was obtained. Likewise, no significant effect on root length or 
root girth was obtained with increased application of potassium fertilizers from 180 to 220 kg/ha. 
Increased application of phosphorus from 30 to 60 kg/ha showed no significant increase on root 
length or root girth; however, when the rates were increased to 90 kg P/ha both root length and 
root girth decreased. 

Furthermore, as to root weight, an increase in nitrogen fertilizer from 60 to 120 kg/ha, 
significantly increased root weight. Similar results were obtained when phosphorus fertilizer was 
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increased from 30 to 60 kg/ha. However, with further increase of phosphorus fertilizer 
application, no significant increase in root weight was obtained. 

Root Yield 
Nitrogen fertilization had marked influence on root yield of radish (Table 2). Increase of 

nitrogen fertilizers from 60 kg/ha to 120 kg/ha in the presence of phosphorus and potassium 
significantly increased yield of radish from 14.7 tonnes to 33.3 tonnes per hectare. Further 
increase of nitrogen fertilizer to 180 kg/ha caused significant reduction in yield. Such an 
increase is expected since these soils are low in nitrogen as indicated earlier. The yield increase 
obtained with NPK fertilization was mainly due to increase in some of the growth components 
and yield components such as root length, root girth and root weight. Increased application of 
phosphorus fertilizer from 30 to 60 kg/ha had no significant effect on root yield; however, with 
increased rates of phosphorus fertilizer there was a decrease in root yield. Finally, increasing 
application of potassium fertilizer had negligible effect on root yield. 

Fertilizer treatments of 120 kg Ν, 60 kg Ρ and 180 kg K/ha gave the best yield of root 
tubers; however, these yields were lower than those of other researchers (Srinivas and Naik, 
1990), who recorded receiving higher yields of radish than were obtained in this trial with similar 
treatments. 

CONCLUSIONS 

Radish cultivar White Chinese exhibited superior plant growth and yield during the two-
year field trials as a result of fertilization on Tarouba clay. Increases in the levels in nitrogen 
fertilizers from 60 to 120 kg/ha significantly increased the leaf length, number of leaves and root 
characteristics. However, nitrogen fertilizer application increased to 180 kg/ha in the presence of 
phosphorus and potassium fertilizers significantly decreased root length, root girth and radish 
yield per hectare. Therefore, application of 120 kg N/ha in the presence of 60 kg P/haand 180 kg 
K/ha produced the highest tuber yield. Chatterjee and Som (1991) reported from the findings of 
Roorda Van Eysinga and Meijs (1981), who concluded that for radish no nitrogen fertilizers or 
too much nitrogen fertilizers were both detrimental to yields. These authors authenticated that 
increases in nitrogen (90 kg/ha) and potassium (120 kg/ha) levels considerably reduced the 
gross weight of the root of the radish (Chatterjee and Som, 1991). 

The variable responses regarding added nitrogen in these soils are due to the fact that 
nitrogen fertilizers are considered a limiting factor affecting growth, yield and quality of radish, 
and increased levels of nitrogen fertilizers increased the vegetative growth which facilitated more 
scope for photosynthesis, finally resulting in larger quantities of stored food in radish plants. 
Also the response of nitrogen fertilizer on Tarouba clay is positive because these Vertisols are 
deficient in total nitrogen, the result of cropping history, rapid nitrification as fertilizer ammonium 
and further loss of applied nitrogen due to dinitrification. 

Finally, the results of the trial indicate that radish can be successfully introduced for 
cultivation on '2-acre farms' either as a monocrop or as an intercrop. However, additional studies 
on nutrient use efficiency and uptake are recommended. 
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FERTILIZER RECOMMENDATIONS FOR DRY BEAN PRODUCTION (PHASEOLUS 
VULGARIS L.) IN AN OXISOL 

Ronald Dorcinvil, David Sotomayor-Ramirez, and James Beaver, Crops and Agroenvironmental 
Sciences Department, College of Agricultural Sciences, University of Puerto Rico. PO Box 9000. 
Mayagüez, Puerto Rico, 00681. Email: dsotomayor@uprm.edu 

ABSTRACT: Low soil nitrogen (N) and phosphorus (P) availability are the most important 
limitations for dry bean (Phaseolus vulgaris L.) production in highly weathered soils of the 
tropics. Extractable Ρ (Bray 1) and 1M KCl extractable N03 -N can be used to establish soil test 
critical levels and guide Ν and Ρ fertilization. Thirty-four genotypes and varieties Morales and 
Salagnac 90 from Puerto Rico and Haiti, respectively, were screened as to their agronomic 
performance under three fertilization regimes in an Oxisol (very-fine, kaolinitic, isohyperthermic 
Typic Eutrustox). The fertilization regimes used during 2007 and 2008 were (i) 50 kg N/ha (+N), 
57 kg P205 /ha (+P), 54 kg K20/ha (+K); (ii) -Ν, +P and +K; and (iii)+N, -P and +K. A modification 
of the site-specific nutrient management approach (Witt et al., 2006) was used to develop 
fertilizer recommendations. The SSNM approach uses the omission plot technique to estimate 
the yield obtained without application of Ν or Ρ fertilizer compared to the attainable yield 
obtained when nutrients are not limiting (+N, +P, +K plots). Critical soil test extractable N03-N 
levels were 18 mg/kg, and Bray 1 Ρ levels were 28 mg/kg. Fertilizer requirements for the ten 
best genotypes based on overall performance are presented based on yield goal, grain yield 
response to the nutrient, and nutrient removal. 

Keywords: Dry bean, Phaseolus vulgaris, Fertilizer recommendations, Soil test critical levels 
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PERFORMANCE AND ROOT ARCHITECTURE OF DRY BEAN (PHASEOLUS VULGARIS L.) 
GENOTYPES UNDER LOW AVAILABILITY OF Ν AND Ρ 

Ronald Dorcinvil, David Sotomayor-Ramirez, James Beaver, and Vivianette Vera. Crops and 
Agroenvironmental Sciences Department, College of Agricultural Sciences, University of Puerto 
Rico. PO Box 9000. Mayagüez, Puerto Rico 00681. Email: jbeaver@uprm.edu 

ABSTRACT: Knowledge of the mechanisms controlling dry bean (Phaseolus vulgaris L.) nutrient 
acquisition is of importance to improve nutrient use efficiency. An experiment was conducted in 
an Oxisol (very-fine, kaolinitic, isohyperthermic Typic Eutrustox) in Puerto Rico to evaluate the 
root architecture of five dry bean genotypes under three fertilization regimes and irrigated 
conditions. The fertilization regimes used during 2007 and 2008 were (i) 50 kg N/ha (+N), 57 kg 
P205 /ha (+P), 54 kg K20/ha (+K); (ii) -Ν, +P and +K; and (iii) +N, -P and +K. The performance of 
six black sister lines (three with shallow root system and three with deep root system) under two 
fertilization regimes was validated: (i) without fertilizer (-N-P-K), and (ii) 50 kg N/ha, 50 kg 
P205/ha, 50 kg K20/ha (+N+P+K). Line VAX3, which was characterized as having high Ν and Ρ 
use efficiency and as non-responsive to Ν and Ρ fertilization, had a shallow root system. Line 
SER16, which was characterized as having low Ν and Ρ use efficiency and as responsive to Ν 
and Ρ fertilization, had an intermediate and deep root system under low Ν and Ρ availability, 
respectively. Under low fertility (-N-P-K), the sister lines with shallow and mixed root systems 
had a greater yield (1,254 kg/ha and 1,302 kg/ha, respectively) and greater leaf Ν and Ρ 
concentration than the sister lines with deep root systems (1,040 kg/ha). Shallow root 
architecture is a genotypic adaptation of dry bean lines for the efficient acquisition of soil Ν and 
P. 

Keywords: Dry bean production, Root architecture, Soil fertility 
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i C U Ä N FACTIBLE ES LA UTILIZACIÔN DE NITRÔGENO LÎQUIDO (ULB-35®) PARA LA 
PRODUCCIÔN DE FORRAJE EN PUERTO RICO? 

Alexander Recamân-Serna1, David Sotomayor-Ramirez1, Yamil Quijano1 y Gilberto Lozada2 

1Universidad de Puerto Rico, Colegio de Ciencias Agricolas, Departamento de Cultivos y 
Ciencias Agroambientales, Programa de Agronomia y Suelos, Mayagüez, Puerto Rico, 3Pan 
American Fertilizer, Guânica, P.R. Correo Electrônico: dsotomayor@uprm.edu 

RESUMEN: La utilizaciôn de N en forma de urea liquida (ULB-35®) puede mantener los niveles 
de producciôn, mejorar la eficiencia de utilizaciôn de N, y reducir los costos de producciôn. Se 
realizaron varios ensayos en diversas localidades para evaluar la efectividad de ULB-35® en la 
producciôn de forrajeras. Niveles de hasta 168 kg N/ha/aplicaciôn como ULB35® seguidos por 
lamina de riego de 3.4 cm (fraccionado cuatro veces) no causaron dano visual al forraje. El N 
en la hoja del forraje puede ser predicho por el medidor de clorofila SPAD-501. En la localidad 
de Lajas-1, la producciôn de materia seca (MS) de forraje en siete meses (ciclo) fue mayor para 
el forraje al cual se aplicô 168 kg N/ha/ciclo con el fertilizante completo 15-5-10, seguido de los 
niveles (kg N/ha/ciclo) medio (74.7), alto (112) y bajo (37.3) de ULB-35®. En Sabana Grande, la 
producciôn de MS de forraje en siete meses (ciclo) fue similar a la del forraje al que se aplicô 
112 kg N/ha/ciclo como ULB-35® (9,743 kg MS/ha) y 84 kg N/ha/ciclo como 15-5-10 (9,078 kg 
MS/ha). Estas producciones fueron mayores que las obtenidas cuando se aplicô 84 kg 
N/ha/ciclo como sulfato de amonio (6,666 kg MS/ha). En Arecibo, no se encontraron diferencias 
en la materia seca, proteina ni en la eficiencia de utilizaciôn de N en forraje donde se aplicô 56 
kg N/ha/aplicaciôn como ULB35® en forma foliar a très concentraciones (7.5, 3.0 y 1.5%), pero 
el ULB-35® fue 50% mâs econômico que el N-fertilizante en forma de sulfato de amonio. En 
Lajas-2, no se encontraron diferencias en la materia seca ni en la proteina entre ULB35® y 
sulfato de amonio y urea a unos niveles de 112 kg N/ha/aplicaciôn (cinco veces). Sin embargo, 
la eficiencia de utilizaciôn de N por el forraje fue 90% mayor con niveles reducidos (56 kg 
N/ha/aplicaciôn), que cuando se aplicaron niveles altos de Ν (112 kg N/ha). 

Palabras clave: Urea liquida, Forraje, Fertilizaciôn 
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THE PRESENCE OF GIANT AFRICAN SNAIL, ACHATINA FULICA BOWDICH, IN TRINIDAD 

C. Shripat. Ministry of Agriculture, Land and Marine Resources, Central Experiment Station, 
Research Division, Centeno, Trinidad and Tobago. Email: c_shripat@yahoo.com 

ABSTRACT: With the discovery in 2008 of the Giant African Snail, Achatina fulica Bowdich, in 
Petit Valley, Trinidad, an action plan was developed to mitigate the effects of this invasive alien 
species. A survey was conducted to determine its distribution, at Alyce Glen Gardens, Petit 
Valley, northwest of Trinidad, where the snail was first found. The pest was present at 39 
percent of the households surveyed and appeared to be restricted to an area < 1.0 km2. In 
November 2008 a programme to eradicate the snail was initiated using cultural and chemical 
strategies. Meanwhile, a public awareness campaign was mounted at Alyce Glen and environs 
via town meetings, seminars, posters, and fact sheets on the Giant African Snail. Residents of 
Alyce Glen actively participated in the eradication programme by collecting and crushing or 
drowning snails and allowing eradication personnel to apply snail bait on their premises. Five 
households were selected in the core zone for monitoring and assessing the efficacy of the 
eradication programme. All households in the core zone were visited every two weeks, and both 
live and dead snails were collected and counted. After enumeration, all properties were baited 
with snail bait pellets containing 3.0% metaldehyde. Four months after initial treatment in 
November 2008, the number of A. fulica observed at Alyce Glen and environs declined from 366 
and eight to thirteen and zero dead and live snails, respectively. So far, these figures indicate 
that the eradication programme is effective. Meanwhile, monitoring is continuing and an island-
wide public awareness programme, which includes pest alerts, fact sheets, fliers, posters and 
the mass media, has been initiated to facilitate early emergency response, should the pest be 
detected in new areas. 

Keywords: Achatina fulica eradication, Trinidad 
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OCCURRENCE OF RAOIELLA INDICA HIRST (ACARI: TENUIPALPIDAE) IN TRINIDAD A N D 
T O B A G O 

Farzan Hosein and Chandarbhan Shripat, Ministry of Agriculture, Land and Marine Resources, 
Central Experimental, Station, Centeno, Trinidad and Tobago. Email: farzanres@hotmai l .com 

A B S T R A C T : The Red Palm Mite, Raoiella indica Hirst (Acari: Tenuipalpidae), was first observed 
in Trinidad in March 2006 as a pest on coconut palm (Cocos nucifera) and Musa spp. 
Subsequently, more than 30 plant species have been detected with high populations of varying 
life stages of the pest. Red Palm Mite hosts include ornamental palms (Arecaceae), Heliconia 
spp. (Zingerberacae) and Curcuma domestica. Indigenous host plants include Desmoncus 
orthacanthus and Sabal mauritiiformis, Heliconia spp. (H. bihai, H. marginata and H. 
psittacorum), the ink plant (Renealmia alpinia syn. exaltata) and cachibou (Calathea lutea). 
Surveys conducted of the coconut industry from July to November 2007 in Trinidad and Tobago 
have shown that the mite is widely distributed on both islands. All growth stages of coconut palm 
are affected. Population densities of colonies of 700 mites/cm2 were recorded in coconut 
seedlings. The population also varies with geographical location, with the highest population 
densities occurring along the coastline. Symptoms include bronzing, yel lowing and necrosis of 
leaves. In Manzanil la, coconut palms three to five year old showed 70% necrosis of fronds. At 
Icacos substantial decrease in copra yield was reported on large plantations, and this has 
contributed to the reduced need for labour with consequent diversifications on the coconut 
estates. Integrated pest management strategies, with a strong emphasis on biological control, 
seem to be the most viable long-term management option, as the application of pesticides 
appears to be costly and impractical. Indigenous predators found feeding or associated with the 
pest include predatory mites, Amblyseius largoensis (Acari: Phytoseiidae), Cunaxidae spp. 
(Acari: Cunaxidae); green lacewing larvae, Ceraeochryea sp. (Neuroptera: Chrysopidae); thrips 
Aleurodothrips fasciapennis (Thysanoptera); beetles (Coleoptera: Coccinell idae); and an 
unidentified pathogenic fungus. This paper discusses the population densities, detection and 
extraction methods, distribution and spread, population dynamics, host range and potential of 
indigenous predators in the management of the Red Palm Mite in Trinidad and Tobago. 

Keywords: Raoiella indica, Hosts, Predators 
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COMPARING THE PERFORMANCE OF TRAPPING SYSTEMS USED IN MONITORING AND 
MANAGEMENT OF THE SWEET POTATO WEEVIL (CYLAS FORMICARIUS) IN ST. KITTS 

Melvin James and Laurence Knight. Caribbean Agricultural Research and Development Institute, 
Fortlands, Basseterre, St. Kitts. Email: ejames55@hotmail.com 

ABSTRACT: The widespread planting of early maturing susceptible varieties of sweet potato 
coupled with intense mono cropping, has contributed to the build-up of high populations of the 
West Indian sweet potato weevil pest, Cylas formicarius (Fabricius) (Coleoptera: Apionidae), in 
St. Kitts over the last two decades. Pest management techniques traditionally rely on cultural 
practices. In 2000, CARDI introduced a mass trapping technique that involves the use of the 
funnel trap (FT) fitted with a lure, bought from Great Lakes IPM impregnated with a female sex 
pheromone that attracts male weevils. By 2007, the Republic of China on Taiwan Agricultural 
Mission in St. Kitts shared a new trap-lure combination produced by the Taiwan Council of 
Agriculture (TCOA) with CARDI for evaluation in the field. Studies were done in 2007 to 
determine the comparative efficacy of the two systems. The traps with their corresponding lures 
were tested in a typical sweet potato field in Belmont Estate in June, a low rainfall month and 
again in October during the peak of the rainy season. After two days in the field, weevil catch 
was counted. This experiment was repeated four times. The TCOA model caught a significantly 
greater numbers of weevils than the traditional trapping system (P= 0.05). The TCOA caught 
1,288(SE 366.26) weevils per day compared to 213 (SE 98.28) weevils per day in the case of 
the funnel trap. During the wetter part of the year a greater number of insects were captured but 
there was no significant difference in catch due to seasons. The implications of these findings 
and the role of mass trapping, as a component of Integrated Pest Management (IPM) are 
discussed. 

Keywords: West Indian sweet potato weevil, male sex pheromone, traps, integrated pest 
management. 

INTRODUCTION 

Sweet potato is the major root crop grown in the Federation. Between 1997 and 2005 
annual output averaged 136,000 kg; this amount more than doubled all other root crops 
combined. In 2006 there was a dramatic increase from 136,000 kg to 272, 000 kg (Department 
of Agriculture, 2007). The demand for the crop is high as it is consumed daily as a staple. It may 
be used in salads, pudding, and for the traditional dish of conky. The crop is grown year round, 
but market supply is unpredictable because of agronomic challenges, for example there are 
periods of no tuberization, also frequently high incidences of sweet potato weevils and soil 
grubs. Evaluation conducted in St. Kitts in 2001 with Cylas indicated weevil damage in the field 
may reach 24% with further losses of up to 80% during storage (CARDI St. Kitts Nevis Annual 
Report, 2001). 

Similar losses have been observed globally due to minimal pest management during 
production (Hwang, 1994; Jansson and Raman, 1991; Chalfant 1990). CARDI, St. Kitts has 
worked with at least 42 types of sweet potatoes, classified on the basis of leaf shape, skin and 
flesh colour, and donor country: Eleven types have been given local names by the farmers. The 
most widely grown cultivars are Clarke, Sugar Root, LRSOF (Local red skin orange flesh), Never 
Miss and Carrot/Pumpkin, most of which are sweet, early maturing and high in carotene content 
but very susceptible to the weevil. In 2000 CARDI received twenty cultivars from the USDA -

69 



APHIS to be evaluated for their tolerance to Cylas. Two cultivars, Regal and Sumour, showed 
reasonable tolerance but neither of them received wide acceptability in the local market, as they 
are dry when cooked and bland to the taste. Four red skin white flesh cultivars from St. Vincent 
and the Grenadines (held by CARDI) are known to be attacked by the sweet potato weevil as 
well. The Republic of China on Taiwan (ROC) has been conducting yield trials on three exotic, 
susceptible cultivars, and recently added four other cultivars, which are undergoing adaptability 
and weevil tolerance tests. However, the development of weevil-resistant/ tolerant cultivars in 
the near future is unlikely, for globally, despite years of intensive research, no varieties with 
significant levels of tolerance to the pest are yet available (Collins et al., 1991). 

LOSSES CAUSED BY THE WEEVIL 

To date, no impact assessment studies have been carried out, but every Kittian farmer 
has experienced revenue losses, sometimes in excess of 45% tuber damage due to weevil 
contamination. Adult weevils feed on the surface of exposed roots and in some places they also 
feed on the foliage, but such occasional damage is rarely serious (Talekar, 1988). The larva 
prefers to feed on the root, thus causing direct losses to the producer. An infested tuber is often 
riddled with cavities as a result of tunneling activities. It becomes spongy, brownish to blackish in 
appearance, and has a bitter taste and foul odor as it produces terpenoids. Before tuber 
formation, the larva feeds on the vine. A damaged vine is discolored, cracked, or wilted and may 
sustain secondary infection by bacteria and fungi (Sutherland, 1986). 

WEEVIL MANAGEMENT IN THE FEDERATION 

Cultural control is the major means of pest management for this low input crop grown 
island wide. Practices include the use of clean planting material, crop moulding or hilling up and 
the disposal of crop residue. Vine tips are used as seed material as they tend to be free of 
insects. A small number of local farmers plant the vines deep into the ridge so that the 
developing tubers are far from the soil surface where they are readily accessible to pests. 
Manual weeding and moulding has the advantage of filling soil cracks, blocking entry routes 
used by Cylas and Euscepes. Unfortunately, the practice of moulding or "hilling up" is now rarely 
undertaken as in past decades. After harvest, many farmers either leave the crop residue in the 
vicinity of the farm or plough it under. Once there are discarded tubers, vines, wild hosts or 
another sweet potato field nearby, the pest will survive and increase its population from season 
to season. 

Since the introduction of trapping in 2000 there has been widespread acceptability of this 
method of controlling the weevil, perhaps because it does not involve the use of chemical 
pesticides, and because the technology can be duplicated using locally available, inexpensive 
materials and the baits are cheap and easy to use. In 2007 a new trapping system developed by 
Taiwan Agricultural Chemicals and Toxic substances Research Institute and Taiwan Council of 
Agriculture (TCOA) was introduced to determine its efficacy compared to that of the established 
system of the funnel trap baited with a lure from Great Lakes IPM. 

MATERIALS AND METHODS 

Belmont estate was selected as the trial site, as it is a typical farming district where sweet 
potato is available year-round in different stages of development. Mature fields, four months old 
were used. The fields had a mixture of vine types growing in them because typically Kittian 
farmers do not establish pure stands of any one cultivar, but tend to plant a mixture instead. 
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Two traps, one of each type placed at least thirty metres apart were used in the trial. A 
funnel trap with a rubber lure, manufactured by Great Lakes IPM (Figures 2 & 3), was 
suspended about six inches above the foliage by means of a tripod. The TCOA mechanism uses 
a trap which resembles two standard rain gauges stacked. This was placed on the ground 
among the foliage with a plastic lure inside (Plates 2 & 3). After determining wind direction, both 
traps were placed down wind in the potato field in a straight line that makes it perpendicular to 
wind direction such that there could be no cross contamination of scents between the traps. Both 
lures dispense the same synthetic male sex attractant into the wind, and this chemical has been 
identified as (z)-3-dodecenyl-1-ol (E)-2 butenone (Smith, Downham, Laboke, Hall and Odongo, 
2000; Jansson and Raman, 1991). Traps were left in the field for two nights in each week of 
June and October; then their contents were emptied and the weevils counted (Figure 1). 

RESULTS AND DISCUSSION 

An analysis of variance was performed using the statistical programme Genstat, Version 
3. No significant difference in weevil catch was observed based on season (F= 4.18, df= 1,12, ρ 
= 0.063), and there was no interaction between trap type and time (F= 2.01, df=1,12, ρ = 0.182), 
(Figure 1). This observation contrasts with the findings of Talekar (1988), who observed that trap 
catch is markedly reduced on rainy nights. 

However a significant difference was observed between the different types of trap (F= 
7.02, df= 1,12, p= 0.021). The FT mean trap catch was 213 (Se 98.28) weevils compared to 
1,288 (Se 366.26) trapped by TCOA model (Figure 1). These preliminary findings suggest that 
the TCOA trap/lure combination was superior to the funnel trap/GL lure apparatus. Chemical 
concentration of the lures may have accounted for differences in performance, in that Great 
Lakes offer their pheromones in concentrations 0.25 mg whereas the TCOA ones are 1.0 mg, 
which is four times stronger. These newer pheromones are cheap and can be purchased locally 
at EC $1.00 each. The commercially made TCOA traps are hard to find, but homemade 
versions, from discarded water bottles, are equally effective and readily available. However, 
Kittian farmers must be cautioned against an over reliance on trapping alone; effective pest 
management must consider cultural operations like sequential planting, moulding up, timely 
harvests, removal of alternate hosts and proper disposal of crop residues. It should also make 
provisions for technological advances using life tables, pest forecasting, population dynamics 
studies, and the use of entomopathogenic organisms as well. 

While a more efficient capture mechanism has been found in the TCOA model farmers 
must be mindful of the inconclusiveness about trapping, as the impact of trapping has received 
mixed reviews. Experiences in farmers' fields have been mixed, with often no measurable impact 
on weevil damage despite large numbers of weevils trapped (Sutherland, 1986). However, 
Hwang Jenn-Sheng (2000) noted the use of pheromone-baited traps placed at a density of four 
traps/0.1 ha reduced damage to tubers caused by SPW by 57 to 65% in Taiwan. The results of 
this experiment suggest that mass trapping can be used to reduce the number of weevils in a 
population. However, agriculturalists should be reminded that this trapping cannot be effective 
as a stand alone measure; therefore, one should ensure that it is used as a component of an 
Integrated Pest Management (IPM) Programme. 
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Table 1: Average number of weevils captured in Belmont District, St. Kitts, for two nights, per 
week in the months of June and October 2008. 
Funnel Trap/GL,IPM lure TCOA weevil trap & lure 
Period June October June October 
Week 1 81.5 969 581 626.5 
Week 2 127.5 172 460 3,911 
Week 3 89.5 135.5 766.5 2,608 
Week 4 45.5 86.5 535 815 
Total 344 1,363 2,342.5 7,960.5 
Daily Average 86 341 586 1,990 

Figure 1: Performance of sweet potato trapping systems, Belmont St Kitts. Left: Performance by 
season; Right: performance by trap type. 

ANOVA : F=4.18; df=1,15; P>0.063. ANOVA: F=7.02; df=1,12;P>0.021 
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Figure 2: Sweet potato traps used in efficiency trial, Belmont, St. Kitts. (Left) Taiwan Council of 
Agriculture (TCOA) trap, (right) Funnel (FT) trap. 

Figure 3: Lures used in efficacy trial at Belmont. Left: Great Lakes IPM lure (rubber Septra). 
Right: Taiwan Council of Agriculture lure (plastic micro tubule). 
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ANTIGUA AND BARBUDA PESTICIDE CERTIFICATION PROGRAM 

Stephen Brown1, Bill Kern1, Gene McAvoy1, Ken Rudisill1, Norma Samuel1, and Malverne 
Spencer2. 1 University of Florida/Institute of Food and Agricultural Sciences (UF/IFAS) 
Extension, Florida and 2Ministry of Agriculture, Antigua and Barbuda 

ABSTRACT: There are over 170 products listed for pest control with the Pesticide and Toxic 
Chemicals Board (PCB) of the Ministry of Agriculture (MOA) in Antigua and Barbuda. Safe 
handling and application of these products is crucial to achieving desired pest control and to 
protecting non-target organisms and the environment. The Pesticide and Toxic Chemicals Act of 
2007 dictates that any person performing pest control activities for remuneration must be 
certified to do so. The MOA partnered with University of Florida/ IFAS to develop a pesticide 
certification training module modeled after the Florida program. The objectives of the module 
are to enhance the knowledge base of pest control applicators on identification of pests, on 
control options, and on safe use of pesticides, and to ensure that all actions governing the use of 
pesticides are in accordance with the requirements of the Act. A team of five UF/IFAS faculty 
members developed a needs assessment survey and modified the Florida curriculum based on 
the results of the survey submitted by the MOA. The module included four training categories: 
core (to be taken by all participants), structural pests, lawn and ornamentals, and agriculture. A 
one-week training session was conducted in January 2009; it was attended by 65 people that 
represented the various categories, and by MOA personnel. Sixty-three participants took the 
core exam and one category exam. Thirty-one participants passed both the core and a category 
exam and were certified through the PCB. A regular training and exam schedule is needed for 
pest control applicators to ensure compliance with the Act and proper pesticide usage to protect 
pesticide users, public health, and the environment. 

Keywords: Pesticide certification, Pesticides, Environment 

INTRODUCTION 

The use of pesticides has local, regional, and international ramifications. Pesticides 
applied incorrectly can cause harm to humans, estuaries, ground water, fisheries, coral reefs, 
and can endanger pets and wildlife. The proper use of pesticides reduces labor by increasing the 
efficiency of those engaged in farming, landscaping, and structural pest control. All three areas 
of pesticide applications are important in protecting the quality of life for local residents and 
visitors alike. There are over 170 products listed for pest control with the Pesticide and Toxic 
Chemicals Board (PCB) of the Ministry of Agriculture (MOA), Lands and Marine Resources in 
Antigua and Barbuda. In 2007 the Antigua and Barbuda Pesticide and Toxic Chemicals Act was 
enacted. The act stated that anyone applying pesticides for money had to be certified to perform 
such services. As a result, the PCB needed to develop a certification training program. 

The Director of Analytical Services/Chair of the PCB contacted the University of Florida 
Institute of Food and Agriculture Sciences (UF/IFAS) Extension for assistance in developing a 
pesticide training program for Antigua and Barbuda. The chair of the PCB and the Chief 
Extension Officer of the Agriculture Extension Division (AED) of the MOA worked with four 
county extension faculty members and one state specialist on developing a program to address 
enhancing the knowledge base of pest control applicators on identification of pests, control 
options, safe use of pesticides. This program ensures that all actions governing the use of 
pesticides be in accordance with the requirements of the Act. The objectives of the module are 
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to enhance the knowledge base of pest control applicators on identification of pests, control 
options, and on safe use of pesticides, and to ensure that all actions governing the use of 
pesticides are in accordance with the requirements of the Act. 

METHODS 

The UF/IFAS faculty members developed a needs assessment survey to determine 
critical areas of need that must be addressed by the program. Based on the results of the 
survey, they modified the Florida Pesticide Certification Training Curriculum. A one-week 
training program was conducted by the UF/IFAS MOA team in January 2009 in St. John's, 
Antigua. The module included four training categories: Core, Structural Pests, Lawn and 
Ornamentals, and Agriculture. It was attended by 65 people that represented the various 
categories and MOA personnel. All participants took the core plus one category. Classes were 
combinations of lectures, hands-on training, and field demonstrations. 

Training Team: L - R. Stephen Brown, Ken Rudisill, Norma Samuel, Malverne Spencer, 
Eugene McAvoy, and William (Bill) Kern, Jr. 
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Sprayer Calibration Exercise 

RESULTS 

Sixty-three participants took the core exam and 60% (38 passed). Twenty participants 
took the Structural Pest Control training and 25% (five) passed. Twenty-seven participants took 
the Agricultural category training and 81% (22) passed. Fourteen took the Lawn and Ornamental 
category exam and 57% (eight) passed. The following numbers (percentages) passed both the 
core and category exams: Agriculture 77.7% (21); Structural Pests 20% (four); and Lawn and 
Ornamentals 42.8% (six). The farmers performed better than the other participants because the 
Extension educational program in Antigua and Barbuda has as the main focus vegetable and 
fruit tree production. A Cooperative Agreement between UF/IFAS and MOA was signed and a 
structural pest control insect collection was started. 

CONCLUSIONS 

The AED needs to expand its regular training programs beyond agriculture to include 
lawn and ornamentals and structural pests. Farmers who successfully completed the training 
were given coveralls and first aid kits to help with their certification of Good Agricultural Practices 
(GAP). The people who participated in this training will be able to make sound decisions on pest 
control issues. 
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THE TRUNK GIRDLING LARVA, A PEST OF CITRUS IN BELIZE 

Kathy M. Dalip, Ernest Sabal, and Stephen Will iams. CARDI, Belize. Email: 
kathymdee@excite.com 

A B S T R A C T : The citrus industry of Belize is an important earner of foreign exchange, 
contributing US$50.6 million to the country's national income. One pest, locally referred to as the 
citrus trunk girdling larva (CTGL), poses a potential threat to the Belizean citrus industry, should 
it become pervasive. The CTGL can cause severe damage to, and mortality in, infested trees 
through its feeding on living tree trunk tissue. The pest is not currently widespread in all groves 
but is found in isolated pockets throughout the citrus industry. Rapid surveys conducted in 2006 
and 2009 for CTGL revealed that it was present in all three major citrus-growing districts of 
Belize: Cayo, Stann Creek and Toledo. In groves where it was found, the survey showed that 
between 2 and 75% of trees sampled were infested. Whereas the damage caused by the CTGL 
was recognized, its identity was not positively known until recently. Previous attempts at 
identification had been based on the larvae. A simple protocol, requiring the caged feeding of 
field-collected larvae with carrots, was developed and successfully used to rear the larvae to 
adulthood. As a result of this work, the pest has now been identified as a carpenter moth: 
Langsdorfia franckii Hübner, belonging to the family Cossidae. As far as the authors know, this is 
the first report in the literature of this species being a pest of citrus. Not much is known about L. 
frankii except that it does occur throughout Central and northern South America, and that the 
genus (probably the same species) has been reported to attack citrus in Venezuela. There 
remains a lack of basic information on this insect. Further work is required to better understand 
its biology, life history and behavior, economic importance and potential threat to the citrus 
industry in Belize. The eventual goal would be to develop a comprehensive and effective 
integrated pest management programme for L. franckii. 

Keywords: Langsdorfia franckii, Cossidae, Citrus 
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BIOLOGICAL CONTROL OF RICE DISEASE (BLAST) BY USING TRICHODERMA VIRIDE IN 
L A B O R A T O R Y CONDITIONS 

S. Gomathinayagam1 , M. Rekha2, S. Sakthivel Murugan3 and R.C. Jagessar4 . 1Faculty of 
Agriculture and Forestry, University of Guyana, Berbice Campus, Guyana, South America.2 

Department of Biotechnology, PSR Engineering College, Sivakasi, Tamil Nadu, India.3 

Department of Chemistry, Indian Public School, Erode, Tamil Nadu, India. 4 Department of 
Chemistry, University of Guyana, Faculty of Natural Sciences, Turkeyen Campus, South 
America. Email: drgoms@redif fmai l .com 

ABSTRACT: The most common biological control agents of the genus Trichoderma have been 
reported as strains of T. virens, T. harzianum, and T. viride. Since Trichoderma biological control 
agent use different mechanisms of biocontrol, it is important to explore the synergistic effects 
expressed by different genotypes for their practical use in agriculture (Hemosa et al., 2000). 
Trichoderma species have been investigated as biological control agents for over 70 years, but it 
is only recently that strains have become commercial ly available. This finding is largely a result 
of the change in public attitude towards the use of chemical pesticides and fumigants such as 
methyl bromide. Trichoderma viride is an efficient biocontrol agent that is commercial ly produced 
to prevent development of several soil pathogenic fungi. Different mechanisms have been 
suggested as being responsible for their biocontrol activity, which includes competit ion for space 
and nutrients, secretion of chitinolytic enzymes, mycoparasit ism and production of inhibitory 
compounds (Harman et al., 1993). Rice disease blast is caused by Pyricularia oryzae. Blast 
disease initial symptoms are white to gray-green lesions or spots with darkened borders 
produced on all parts of shoot; older lesions are elliptical or spindle-shaped and whitish gray with 
necrotic borders. Lesions are wide in the centre and pointed toward either end; lesions may 
enlarge and coalesce to kill entire leaves. The objective of this study is to control blast disease in 
rice. The study is to be conducted in the Faculty of Agriculture and Forestry, University of 
Guyana, at Berbice Campus, Science Centre, John, from February 2009 to May 2009. The 
experiments are designed in a completely random block design with three replicates. 
Parameters to be observed are selection of medium, temperature, pH, and measurement of 
disease index and disease severity randomly. The studies are to show the potential of T. viride 
for control of blast disease in rice. 

Keywords: Blast, Biological control, Pyricularia oryzae, Trichoderma viride, Laboratory conditions 

INTRODUCTION 

Rice is of vital importance to Guyana and is a staple in the diet of the Guyanese people. 
It is estimated that approximately 20% of the population depend directly and indirectly on the rice 
industry for their l ivelihoods (GRDB letter, 2008). One of the most serious rice diseases in the 
rice sector is fungal disease infection. It results in poor production, poor quality, poor milling 
returns and reduced income. This fungal infection has a negative impact on the livelihood of 
farmers. 

In Guyana fungal disease control is achieved through the use of fungicides such as 
benlate, and fuzi-one, which are hazardous and toxic to both people and domestic animals. This 
toxicity leads to environmental pollution. Therefore, a more balanced, cost effective and eco-
friendly approach must be implemented and adopted by rice farmers. Biological control is an 
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innovative, cost effective and eco-friendly approach. Use of natural enemies to control disease is 
termed biological control. Biocontrol agents are derived from natural materials such as animals, 
plants, bacteria, fungi and certain minerals. Fungus exhibiting mycoparasit ic behaviour 
eliminates the threat of synthetic fungicides (EPA website). 

With the knowledge of the adverse effects of synthetic fungicides worldwide, attention is 
rapidly shifting to non-synthetic, safer alternatives. Trichoderma viride is known for its 
mycoparasit ic and antagonistic mechanism for the control of fungal disease. They could be 
environmentally safe alternatives to synthetic fungicide. However, in Guyana no attempt has 
been made to use the above-mentioned fungus in the control of paddy disease. Thus, in this 
experiment we propose to test the mycoparasit ic effect of Trichoderma viride on paddy disease 
(blast). 

Trichoderma spp. are fungi that are present in substantial numbers in nearly all 
agricultural soils and in other environments such as decaying wood (Harman et al., 1993). They 
grow tropically towards hyphae of other fungi, coil about them in a lectin-mediated reaction, and 
degrade cell walls of the target fungi by a process called mycoparasit ism (Harman et al., 1993). 
This process limits growth and activity of plant pathogenic fungi. The antifungal abilities of these 
beneficial microbes have been known since the 1930s and there have been extensive efforts to 
use them for plant disease control. The soil fungus Trichoderma harzianum has shown to act as 
a mycoparasite against a range of economically important aerial- and soil-borne pathogens. 
(Carsolio et al., 1994) 

Microscopic observation suggests that Trichoderma harzianum produces and excretes 
mycolytic enzymes which lysis cell wall at point of interaction (Carsolio et al., 1994). The 1,3-ß-
glucanases, chit inases and protease produced extracellularly by Trichoderma harzianum play an 
important role in biocontrol (Carsolio et al., 1994). A preparation of Trichoderma harzianum was 
sprayed on cucumber plants in greenhouses in order to control fruit and stem grey mould 
(Botrytis cinerea) and resulted in a 90% control (Elad and Kapat, 1999). 

This biocontrol agent (BCA) controls the foliar pathogens Botrytis cinerea, 
Pseuperonospora cubensis, Sclerotinia sclerotiorum and Sphaerotheca fusca (syn. S. fuliginea) 
in cucumber under commercial greenhouse conditions (Elad, 2000). 

Trichoderma harzianum 
Scientific classification 

Kingdom: 
Division: 
Subdivision: 
Class: 
Order: 
Family: 
Genus: 
Species: 

Fungi 
Ascomycota 
Pezizomycotina 
Sordariomycetes 
Hypocreales 
Hypocreaceae 
Trichoderma 
T. viride 

Trichoderma viride is a saprophytic fungus which is used as a biological control agent 
against a wide range of economically important aerial- and soil-borne plant pathogens. The 
mycoparasit ic activity of Trichoderma spp. may be due to antibiosis, competit ion, production of 
cell wal l-degrading enzymes, or a combination of these antagonistic activities. 

Trichoderma viride is an antagonist of soil-borne fungal pathogens. The antagonistic 
process starts with physical contact. Trichoderma viride secretes a number of cell wall-
degrading enzymes and antibiotics. These cell wal l-degrading enzymes include ß-1,3-glucanase, 
chit inases and proteinases. These enzymes and antibiotics provide a synergistic effect on their 
hosts. The enzyme weakens the host cell wall and increases the rate of diffusion of the 
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antibiotics through the cell wall. Upon physical contact the T. viride coils around its host where it 
proceeds with invasive growth. The host hyphae collapse because of loss of turgor pressure. 

Blas t 

Blast is a foliar disease attacking above-ground plant parts. Blast is often considered the 
most serious rice disease because it spreads rapidly and is highly destructive under favorable 
conditions. It may infect plants at any stage of growth. Depending on the part of the plant 
affected, the disease is often called leaf blast, rotten neck or panicle blast. Two phases of the 
disease are most pronounced: leaf blast, which occurs from infection between the seedling and 
maximum tillering stages, and panicle blast, which occurs from infection after flowering. 

Leaf blast stunts the plants and reduces the number of mature panicles, the weight of 
individual grains, and the weight and quality of brown rice. 

Causa l A g e n t 

Blast is caused by the fungus Pyricularia oryzae (Magnporethera grisae). The conidia of 
Pyricularia oryzae germinate in four hours and invade the host cells in eight to 10 hours when 
conditions are favorable. Lesions begin to appear in four days and a crop of spores is produced 
in six to seven days. A large lesion produces 2,000 to 6,000 conidia each night for about two 
weeks. A small lesion produces 50 to 300 conidia for about five to seven days. Most conidia are 
released at night in the presence of dew or rain. The disease cycle is short, and most damage is 
caused by secondary infections. 

S y m p t o m s 

The fungus produces spots or lesions on leaves, nodes, panicles, collars of the flag 
leaves and the grains. Leaf lesions are elliptical and somewhat tapered and pointed at both ends 
and run parallel to the long axis of the leaf or stem. The center of the spot is usually gray or 
whitish, and the margin brown or reddish-brown. Both the shape and colour of the spots vary, 
however, depending on the environmental conditions, age of spots and varietal susceptibility. 

The blast fungus frequently attacks the node at the base of the panicle and the branches 
of the panicle. Most damage occurs when the fungus spreads to the area below the seed head 
of the plant, causing it to break off (rotten neck). Otherwise, the disease prevents the maturation 
of the rice grains (panicle blast). If the panicle is attacked early in its development, the grain on 
the lower portion on the panicle may be blank, giving the head a bleached whitish color, thus 
giving the term "blasted" head or rice "blast". If the node at the base of the panicle is infected, the 
panicle breaks causing the "rotten neck" condition (Ou, 1973). 

Spread of the Disease 

Blast generally occurs scattered through the field. One feature of Pyricularia oryzae is 
that it generates spores, called conidia or conidiospores. Spores of the fungus are produced in 
great abundance on blast lesions and become airborne and easily disseminated by wind and 
splashing rain. 
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Figure 1. The life cycle of blast disease (Suparyono et al., 2003). 

MATERIALS AND METHODS 

S e l e c t i o n a n d s t e r i l i z a t i o n o f G l a s s w a r e 

Selection and sterilization of glassware was done for the purpose of making the 
appropriate media for the culturing and growth of the pathogens, Pyricularia oryzae and 
Trichoderma harzianum. The glassware was thoroughly cleaned by soaking in chromic acid for 
12 hours and then rinsed repeatedly with distilled water. Petri plates were swabbed with 
methylated spirit and placed in an oven at a temperature of 120° for 20 minutes and then placed 
under the lamina flow for another 20 minutes. 

S e l e c t i o n o f t h e m e d i u m f o r t h e g r o w t h o f t h e p a t h o g e n s a n d Trichoderma 
viride 

The following media were selected; 500 ml of each medium was prepared and used for these 
studies. 

Potato Dextrose Agar (PDA) 
Potato Dextrose Yeast Extract Agar (PAYEA) 
Oatmeal Agar (OMA) 

Collect ion of pathogens and soi l sample 

Pathogens were collected from infected rice plants in Black Bush Polder (Region 6) Guyana, 
South America. 
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Collection of soil sample 

1. Five areas were identified randomly in the rice field, the four corners and the centre of the 
field. 

2. About 3 cm3 of the top soil was removed and 1 g of soil sample was taken from the 
identified areas in the field. 

3. The soil sample was air dried, ground into a powder form and mixed thoroughly to make a 
composite sample for the isolation of Trichoderma viride. 

4. The above soil samples were taken from the rice field in Black Bush Polder (Region 6) 
Guyana, South America. 

Isolat ion and character izat ion of Trichoderma viride f rom soi l 

Standared serial dilution method 

Seven 9 ml sterile water blanks were labeled as 1, 2, 3, 4, 5, 6 and 7, and sterile Petri 
dishes as 10"2,10"4, 10"6, 0.1 g of finely pulverized, air-dried soil was added into number one 
water blank to make a 1:10 dilution (10"1). The dilution was vigorously shaken to obtain a 
uniform suspension of microorganisms. One milliliter of suspension was transferred from test 
tube numbered 1 into water blank numbered 2 with a sterile pipette under aseptic conditions to 
make 1:100 (10"2) dilution, which was shaken well. Another dilution was prepared 1:1000 (10"3) 
by pipetting 1 ml of suspension into water blank numbered 3, using a fresh sterile pipette, and 
then shaken. Further dilutions were made 10"4 to 10"7 by pipetting 1 ml of the suspension into 
water blanks (4, 5, 6, and 7) as prepared above. One milliliter of aliquots from each diluted water 
blank was transferred into each sterile cool medium Petri dish for inoculation. All plates were 
incubated at 25° C for three to six days. 

Surface sterilization of infected paddy leaves 

The infected rice plant was washed under running tap water. The infected areas were cut 
into small pieces and placed in sterile water for five minutes, then transferred to 0.1% mercury 
chloride for three to four minutes. It was then rinsed with sterile water to remove the mercury 
chloride. 

Isolation of pathogens 

Fifty milligrams of antibiotic was added to100 ml potato dextrose agar and shaken to 
distribute evenly. The potato dextrose agar was poured into the six Petri plates under the laminar 
flow and allowed to solidify. Three pieces of sterilized infected rice leaf were inoculated with the 
medium. Pathogen growth was observed over a six-day period. 

Identification of the pathogens 

Samples from the "mother" plates were taken and slides were prepared to view under the 
microscope for the identification of pathogens, according to text book of Compendium Soil Fungi 
(K. H. Domsch et al., 1980) 

Single spore isolation using water agar method 

Hindered milliliter water was placed to boil and 2 g of agar was stirred into boiling water, 
Water agar was poured into sterile Petri plates and allowed to solidify. Pathogen spores were 
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collected from mother plate and suspended in liquid water agar medium and then poured into 
sterile Petri plates for solidification. Petri plates were placed in an inverted position to observe 
under the microscope. 

Antagonistic test (Dual Culture Techniques) (Huang and Hoes, 1976) 

Plates with PDA were simultaneously inoculated with 9 -mm discs of the pathogens as 
well as with the antagonist near the periphery at diametrically opposite points. Periodic 
observations were made at different intervals on the radial growth of antagonist and pathogens. 

Radial measurement of pathogen 

Pathogen radial measurement was taken against biological control agent (Trichoderma 
viride) by using standard scaling method. 

RESULTS A N D DISCUSSION 

Pyricularia oryzae is a fungal pathogen that causes blast on paddy. These pathogens 
were collected from the infected rice plants in the location of Black Bush Polder (Region 6) 
Guyana, South America (Table 1). 

Table 1. Test pathogens 
S.No Organism Place of collection Disease 

1 Pyricularia oryzae Black Bush Polder (Region 6), Guyana, South America Blast 
2 Trichoderma viride Black Bush Polder (Region 6), Guyana, South America Nil 

Table 2: Selection of media for test cultures 
Cultures PDA (cm)* PDYEA (cm)* OMA (cm)* 

Trichoderma viride 8.5 8.2 7.2 
Pyricularia oryzae 8.5 8.6 7.3 

* Mean value 

Table 2 illustrates the growth of Trichoderma viride and Pyricularia oryzae on three 
different media -po ta to dextrose agar, potato dextrose yeast extract agar, and oatmeal agar. 
From the results obtained it can be seen that there is significant growth of cultures Trichoderma 
viride and Pyricularia oryzae on PDA, indicated by 8.5 cm, fol lowed by PDYEA 8.2 cm, and by 
OMA 7.2 cm, and by 8.5 PDA, by 8.6 PDYEA, and by 7.3 OMA, respectively. 

Table 3: Growth of cultures with different pH 
Cultures pH (mycelial weight mg)* Cultures 

4.5 5.5 6.5 7.5 
Trichoderma viride 0.6 1.7 2.9 3.9 
Pyricularia oryzae 0.9 1.7 2.8 3.4 
* Mean value 
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Table 3 illustrates the growth of Trichoderma viride and Pyricularia oryzae on different pH 
(4.5, 5.5, 6.5 and 7.5). From the results obtained it can be seen that there is significant growth of 
cultures of Trichoderma viride on pH 7.5, which is indicated by 3.9 mg; followed by pH 6.5 with 
2.9 mg; pH 5.5 with 1.7 mg; and pH 4.5 with 0.6; and of Pyricularia oryzae with 3.4 mg in pH 7.5; 
2.8 mg in pH 6.5; 1.7 mg in pH 5.5; and 0.9 mg in pH 4.5. 

Table 4: Growth of cultures in different temperature 
Cultures Temperature (mycelial weight mg)* Cultures 

25° C 28° C 31°C 34° C 
Trichoderma viride 1.5 2.9 4.6 4.3 
Pyricularia oryzae 1.2 2.8 3.9 3.7 
* Mean value 

Table 4 illustrates the growth of Trichoderma viride and Pyricularia oryzae at different 
temperatures (25° C, 28° C, 31° C and 34° C). From the results obtained, it can be seen that there 
is significant growth of cultures of Trichoderma viride at 31° C, indicated by 4.6 mg; at 34° C, 4.3 
mg; at 28° C, 2.9 mg; and at 25° C, 1.5 mg; and of Pyricularia oryzae with 3.9 mg at 31° C; 3.7 
mg at 34° C; 2.8 mg at 28° C, and 1.2 mg at 25° C. 

Table 5: Radial measuremen of pathogen against Trichoderma viride 
Culture Pathogen Growth in cm* 
Trichoderma viride Pyricularia oryzae 3.5 
*Mean value 

Fig 1. Antagonistic activity of Trichoderma viride against pathogen 
(Pyricularia oryzae) 

T- Trichoderma viride 
P- Pyricularia oryzae 1, Three days culture 

i . Six days culture 
3. Nine days culture 
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The photograph (Figure 1) shows the antagonistic growth of the biocontrol agent 
Trichoderma viride against pathogen Pyricularia oryzae. The biocontrol agent overrides the 
pathogen and releases lystic enzymes over the pathogen and inhibits the growth of pathogen 
and eventually completely kills the pathogen. 

CONCLUSION 

Trichoderma viride demonstrates a powerful antagonistic behavior in the control of the 
rice disease blast pathogen. It can be concluded that Trichoderma viride is an effective biological 
control agent for rice blast disease. 

RECOMMENDATION 

This research is in the preliminary stage; hence field study is encouraged. Therefore, 
relevant research agricultural institutions are encouraged to carry out similar and more extensive 
research in this area to combat fungal infection not only in rice but also in other agricultural 
crops. Trichoderma viride should be used as part of an integrated approach in the control of 
plant diseases since it demonstrates an antagonistic behavior. 
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HORIZONTAL A N D VERTICAL DISTRIBUTION OF CHILLI THRIPS IN MULTIPLE CROP 
SYSTEM IN SOUTHERN FLORIDA 

Vivek K. Jha, Dakshina R. Seal and Garima Kakkar. Tropical Research and Education Center, 
University of Florida-IFAS, Homestead, Florida 33031, USA. vivekiari@ufl.edu 

A B S T R A C T : In Florida, Chilli thrips, Scirtothrips dorsalis (Hood), is a recently introduced 
important pest of fruits, ornamentals and vegetables. In 2003, the chilli thrips was found for the 
first t ime in the Western Hemisphere, established on St. Lucia and St. Vincent in the insular 
Caribbean. It attacks a wide range of crops belonging to more than 120 taxa within 40 families of 
plants. It attacks all above-ground parts of its host plants. Chilli thrips has been reported to be a 
vector of various viral and bacterial diseases, including peanut bud necrosis virus, chlorotic fan 
spot virus of peanuts, and tobacco streak virus in groundnut. Since there is paucity of 
information on flight pattern and relationship between temperature and abundance of chilli thrips, 
we evaluated horizontal and vertical distribution of chilli thrips in greenhouse and field conditions 
in a multiple crop system. Diurnal flight patterns of chilli thrips were determined on each host 
(pepper, peanut and cotton) at four different heights (1.5 ft, 3.0 ft, 4.5 ft, 6.0 ft), under 
greenhouse conditions. Cotton was observed as the preferred host of chilli thrips among the 
three hosts studied; their number was maximum at the least height (1.5 ft) and their abundance 
on host plants was found to decline in number with increase in height (6 ft). Horizontal 
distribution of chilli thrips was studied in field condit ions on pepper as host. Knowledge of diel 
flight pattern is an important factor in developing a sound management program of S. dorsalis. 

INTRODUCTION 

Scirtothrips dorsalis Hood (Thysanoptera: Thripidae) is an important economic pest of 
various vegetable, tropical fruit, and ornamental crops in southern and eastern Asia, Africa, and 
Oceania (Ananthakrishnan, 1993; CABI/EPPO, 1997; CAB, 2003). In the United States, it is a 
newly introduced pest and has been designated as a quarantine pest. So far, it has been 
reported in Florida and Texas, United States. Scirtothrips dorsalis has been reported to have its 
origin in south Asia, and now is becoming widely distributed in tropical, subtropical and 
temperate areas of the world. Because of the rich vegetation and neotropical climate of the state, 
Florida is particularly vulnerable to the establishment of invasive flora and fauna (Ferriter et al., 
2006). The potential geographic distribution of S. dorsalis in North America may extend from 
southern Florida to north of the Canadian boundary, as well as to Puerto Rico and the entire 
Caribbean region (Venette and Davis, 2004). This finding indicates great possibility of 
establishment of this pest in South America and Central America. On the African continent, it has 
been reported from South Africa and the Ivory Coast, with plant health quarantine interceptions 
suggesting a wider distribution across West Africa and a presence in East Africa (Kenya). 

The chilli thrips is an important pest of Capsicum (Ramakrishna Ayyar, 1932; 
Ramakrishna Ayyar and Subbiah, 1935) and of Arachis (Amin, 1979, 1980) in India, of tea and 
citrus in Japan (Kodomari, 1978) and of sacred lotus in Thailand (Mound and Palmer, 1981). 
According to Venette and Davis (2004), economically important hosts of this pest include 
banana, bean, cashew, castor, corn, citrus, cotton, cocoa, eggplant, grapes, kiwi, litchi, longan, 
mango, melon, peanut, pepper, poplar, rose, strawberry, sweet potato, tea, tobacco, tomato, and 
wild yams (Dioscorea spp.). One or more S. dorsalis life stages occur on all the above ground 
plant parts of its hosts, causing scarring damage due to its feeding (Chang et al., 1995). 
Scirtothrips dorsalis also vectors damaging plant viruses, including chilli leaf curl virus (CLC), 
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peanut necrosis virus (PBNV) (Amin et al., 1981; Mound and Palmer, 1981; Ananthakrishnan, 
1993), watermelon silver mottle virus (WsMoV), capsicum chlorosis virus (CaCV), melon yel low 
spot virus (MYSV) (Pissawan et al., 2008) and tobacco streak virus (TSV) (Rao et al., 2003). 
Scirtothrips dorsalis is recognized as one of the thirteen most dangerous exotic pests 
threatening the industry by the Florida Nurserymen and Growers Association (FNGA, 2003). 
Thus, invasion of chilli thrips poses a serious threat to our agriculture production industry. 

Use of chemical insecticides is still the most preferred mode of controlling chilli thrips. 
Major classes of chemical insecticides giving effective control of this pest include 
neonicotenoids, organophosphates, spinosyn and pyrole compounds (Seal et al., 2006). 
Recently, phytoseiid mites Amblyseius swirskii and A. cucumeris have been reported to give 
effective control of this pest in greenhouse and landscape condit ions (Arthurs et al., 2009). To 
develop an effective management practice for any invasive pest, it is very important to have 
complete information about the biology, behavior, flight pattern and diel activity of the target pest. 
Most of the previous work, to observe behavior of this pest, has been conducted by using sticky 
cards on a single host crop. In this study, we studied flight patterns of this pest in multiple 
cropping systems using three economically important host plants ( 'Jalapeno' pepper, cotton, and 
peanut). 

MATERIALS A N D METHODS 

Three experiments were conducted at the Tropical Research and Education Center, 
Homestead, Florida, to analyze horizontal and vertical distribution of this pest by studying their 
flight patterns. Out of these three studies, two were conducted in a greenhouse maintained at 78 
± 5° F and 75 to 80% RH, and a third experiment was conducted under field conditions. The 
plants were grown individually by sowing seeds of 'Jalapeno' pepper, 'American upland' cotton, 
and 'Georgia green' peanut directly into Fafard™ soil mix in one-pint plastic pots. Each pot was 
irrigated twice daily with 1 oz of water, and was fertilized twice weekly with 1.0 oz of 20:20:20 
(225 ppm). All plants were insect-free at the initiation of the studies. 

The first experiment was conducted to observe the preferred host among the three hosts 
studied. The abundance of S. dorsalis on the three hosts was evaluated by using four, one-
week-old plants of each host arranged in a randomized complete block design with four 
replicates (one plant of each host per replicate). One replicate was placed at each corner of the 
greenhouse. Ten plants of each host infested with chilli thrips were kept in the middle of the 
greenhouse to serve as a reservoir to infest the test plants. To evaluate the abundance of chilli 
thrips on individual host crops, all the number of larvae and adults were recorded on each host 
plant by using hand lens at 25x at intervals of two days for 10 sampling dates. 

In the second experiment, the diel flight pattern of chilli thrips was studied by using one-
week-old plants of each host crop placed on wooden planks at 1.5, 3.0, 4.5 and 6.0 feet above 
the ground on 8 ft wooden poles. At each height one plant of each host plant was placed 
randomly in each of four rows, with an intra-row spacing of 0.3 ft, and an inter-row spacing of 0.5 
ft. One assembly was placed at each corner of the above-mentioned greenhouse with source 
plants in the middle in a randomized complete block design with four replicates. To avoid age-
related error, we replaced host plants at intervals of six weeks. Evaluation of the experiment was 
done similar to that of first study, by counting the number of larvae and adults on individual 
plants once a week for the period of 10 weeks. 

In the third experiment, horizontal distribution of this pest was analyzed by giving them 
free choice to move in any direction around their reservoir beds in the pepper field to estimate 
their rate of distribution. 'Jalapeno' pepper transplants were set in beds of Rockdale soil, 12 
inches apart, and 8 inches high and 72 inches wide. The beds were fumigated two weeks prior 
to setting out transplants with a mixture containing 67% methyl bromide and 33% chloropicrin at 
220 lbs/acre. The beds were supplied with drip irrigation lines and covered with 1.5-mil-thick 

88 



black polyethylene mulch. Pepper plants were irrigated twice daily with a drip system. Fertilizer 
(N-P-K mix) was applied at 200-50-240 lb per acre. To control weeds, we used trifluralin (Treflan 
EC, 24 lbs/acre) once 10 d before planting, supplemented during the middle of the season with 
mechanical cultivation. Treatment plots consisted of 15 beds, each 150 ft long and 6 ft wide. Out 
of 15 beds the middle three rows of pepper plants were infested with chilli thrips before they 
were transplanted in the field. Remaining 12 rows were free from chilli thrips at t ime of planting 
and were observed for infestation of chilli thrips once a week for 10 weeks. 

Data Analysis. Data obtained from sampling of chilli thrips on individual plants at each height 
were subjected to analysis of variance (ANOVA) (SAS Institute, 2003). Means were separated 
by using Bonnferronni (Dunn) t test and Tukey studentized range test at P< 0.05 (SAS Institute, 
2003) to compare the significant differences among the treatments. 

RESULTS A N D DISCUSSION 

In the first study, since chilli thrips prefer to feed on young host plants, soon after their 
establishment, their abundance on each host plant was observed to be high initially but number 
started decreasing as season progressed. On all sampling dates, adult population was maximum 
on cotton (Figure 1) when compared to peanut and pepper, where it kept on fluctuating all 
through the sampling periods. During the first few sampling days, the highest number of larvae 
was recorded on peanut, followed by cotton, and the lowest count was for pepper (Figure 2). As 
the population of chilli thrips started establishing, larval count began to increase remarkably in 
cotton followed by the number in peanut, but in pepper the increase was not significant. Figure 3 
indicates the total counts of chilli thirps adults and larvae on three hosts and clearly shows cotton 
as their preferred feeding and reproductive host among these three host crops. 

In the second study, larval count of S. dorsalis on cotton was maximum at lowest height 
(1.5 ft) and was found to decrease with the increase in height. However, the number of adults 
was observed to be highest in cotton plants placed at height of 3 ft as compared to the number 
at other heights (Figure 4). Mean number of chilli thrips (adult + larvae) per cotton plant at 1.5 ft 
height on each sampling date was 94.5±16.02, with 68.7±12.1 at 3.0 ft, and 29.04±7.79 at 4.5 ft. 
The lowest count was in plants kept at a height of 6.0 ft, with observed values of 32.1 ±6.8. Total 
number of chilli thrips at height of 1.5 ft was significantly different from that of the other three 
heights. In the case of peanut, mean number of larvae followed the same trend as in cotton, and 
numbers were highest in the plants kept at 1.5-ft height with 42.3±10.7 (Figure 5); fol lowed by 
3 ft, 36±7.3; 4.5 ft, 27.3±6.6; and minimum count was at height 6.0 ft, 17.5±4.3. In the treatments 
where 'Jalapeno' pepper was used as host plant, the numbers of both larvae and adults were 
recorded maximum on the plant kept at height 1.5 ft, i.e., 36.6±11.5, and then with increase in 
height there was decline in abundance of S. dorsalis as it was 27.67±12.1 at 3 ft; 16.9±10.8 at 
4.5 ft; and minimum of 16.2±1.2 at 6.0 ft. This result ascertains that similar to the case of 
Frankliniella occidentalis (Pearsall, 2002), abundance of S. dorsalis is also negatively correlated 
with increase in height at which host plants were placed. 

In the third study, unusual flying behavior of this pest was observed. Distribution of chilli 
thrips was erratic in nature. After 10 weeks of observations, chilli thrips population did not appear 
to spread in all 15 beds; it was limited to only three beds on each side of the reservoir beds. It 
supports the observation of Shinichi (2007), who reported that adults of S. dorsalis actively make 
short flights, once their populations get established at a reproduction site. In Homestead, Florida, 
chilli thrips has never been reported in the field crops, and we did not find success in repeated 
attempts to establish this pest in an experimental area. Thus, this study is still under 
investigation. 
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Figure 3. The mean number of S. dorsalis larvae and adults on three hosts at each sampling day 
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Figure 7. Diagrammatic representation of distribution of chilli thrips in pepper field after 10 weeks 
of infestation. 
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DEVELOPMENT OF L E M O N G R A S S ( C Y M B O P O G A N SP.) A N D OTHER MEDICINAL HERBS 
IN THE C A R I B B E A N 

Lloyd Johnson and Leslie A. Simpson, CARDI, Jamaica. Email: cardi2@cwjamaica.com 

A B S T R A C T : Farming medicinal herbs is considered a great alternative in diversification from 
traditional crop systems. Herbs, including blackmint (Mentha spicata, syn M. vividis), lemongrass 
(Cymbopogan spp.), peppermint (Satu re ja vimenia), cerasee ( M o m o r d i c a charantia L) and sorrel 
(Hibiscus sabdariffa), are used in the nutraceutical, pharmaceutical, culinary and beverage 
industries based on essential oils and secondary metabolites. Determining the best agronomic 
practices for growing these herbs is crucial for the establishment of these crops, especially 
lemongrass, as significant cultivated alternatives for Caribbean farmers. In a field study carried 
out at the CARDI Mona Demonstration and Training Centre, lemongrass seemed quite adaptive 
to the environment. Plantlets were transplanted onto mounds with a space of 1 m X 1 m. Vermi-
compost at the rate of 0.5 kg per plant hole was applied at planting; drip irrigation was applied as 
necessary. Measurement of growth indicated an initial proliferation of tillage fol lowed by increase 
in height which reached 8 cm per week at peak growth. An instance of pest infestation with scale 
insects (Coccidae spp.) occurred during the summer but was managed by the application of 
orchard oil and heavy rainfall, which seemed to have controlled the population. Harvesting was 
done manually and the leaves were bundled for hanging and drying. Drying the lemongrass in a 
controlled outdoor environment with ventilation, covering and protection, gave a mean water loss 
of 70% in one week. The method of drying can influence the rate at which drying occurs as well 
as the final quality of the product. The field plot produced an average yield of 9.8 tonnes per 
hectare (4 tons per acre) of dried marketable leaves. 

Keywords: Herbs and medicinal plants, Agricultural diversification, Caribbean 
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EFFECT OF DIFFERENT IRRIGATION LEVELS AND FREQUENCIES ON GROWTH, 
FLOWER ABSCISSION AND YIELD OF PIMENTO AND CONGO PEPPER (CAPSICUM 
CHINENSE JACQ) IN TRINIDAD 

Evans Ramkhelawan1, Bruce Lauckner2, and Terrence Indalsingh1. 1Ministry of Agriculture, Land 
and Marine Resources, Trinidad and Tobago.2CARDI, Trinidad and Tobago 

ABSTRACT: Pimento and Congo peppers are both important commercial crops in Trinidad but 
depend on irrigation for cultivation during the drier months. An experiment was conducted to 
compare six irrigation treatments (630 ml of water per plant per day and 950 ml of water per 
plant per day applied daily, every two days and every three days) on both landraces of pepper 
(Pimento and Congo). The crops were planted in January 2006 and harvesting was observed 
from April to July 2006. Comparison was made with a non-irrigated plot placed next to the 
experiment. The weather conditions were dry until the onset of the rainy season in late June. All 
plants in the non-irrigated plot died, but all of the irrigated plots gave pepper yields. However, 
there were no significant differences (P>0.05) in yield between the six irrigation treatments. The 
landraces were observed for differences in yield and size. Both landraces yielded similar 
amounts in April and June, but Pimento out-yielded Congo in May and July. Congo pepper fruits 
were generally larger than Pimento in the earlier harvests, especially for the plots with the higher 
irrigation amounts, but fruit sizes were similar in the later harvests. It was observed that there 
was a negative correlation between the number of flower abscission scars and fruit yield, and a 
positive correlation between the number of scars and fruit sizes. There were generally more 
flower abscission scars on Congo as compared to Pimento. Monthly yields were very variable; 
the June yields for Congo were only the equivalent of 6,000 kg/ha, but were at least six times 
that amount in May and July. Pimento yields were similar to Congo in May and July, but higher 
than Congo during June. The results show that both Congo and Pimento can be grown in dry 
conditions and the water requirements are not more than 630 ml/plant/day. 

Keywords: Pepper landraces, Irrigation, Trinidad 

INTRODUCTION 

Pimento and Congo hot pepper are two landraces indigenous to Trinidad and Tobago. 
They both belong to the Solanaceae family, genus Capsicum, and the species chinense. Both 
types of pepper are exported and widely used in fresh and processed forms in the preparation of 
various culinary dishes. These peppers have been recognized for their pungency, aromatic 
qualities, unique, distinct flavours, and rich colour. These landraces are also well adapted to the 
country's hot, humid climate and appear to be tolerant to prevailing fungal, bacterial and viral 
disease infestations. 

The hot pepper and Pimento industry in Trinidad and Tobago comprised 500 registered 
farmers with the National Agricultural Marketing and Development Company (NAMDEVCO) in 
2006. A total of 1,293.8 metric tonnes of peppers was exported in 2006 mainly to the USA and 
Canada (Central Statistical Office, 2008). This produce was valued at TT$11,897,962.00 
(TT$6.33 = US$1.00). 

Hot pepper is one of the priority crops identified as having a competitive advantage on 
the export market. It is also one of seven commodities that constitute the Regional 
Transformation Programme (RTP) coordinated by the CARICOM Secretariat. It is intended that 
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both Pimento and hot pepper will generate new internationally value-added products for local 
and international markets. 

In Trinidad and Tobago, irrigation water is arbitrarily applied to pepper and other crops. 
This practice may be attributed to the dearth of research on yield response to water, under local 
growing conditions, and consequent absence of recommendat ions to growers. 

Water is becoming a scarce commodity, not only in arid and drought-prone areas, but 
also in regions where water was once abundant (Pereira et al., 2002). Some territories in the 
Caribbean are experiencing frequent and prolonged droughts. This scarcity has been blamed on 
the global climate change phenomena. There is need to maximize the productive potential of the 
limited land resources through irrigation, using low cost, simple technologies on small farms. 
Consequently, studies were undertaken on a marginal soil, Piarco Fine Sand of the Long Stretch 
Series (Brown and Bally, 1966), to determine the effects of various levels and frequencies of 
irrigation on growth, f lower abortion and yield parameters of Pimento and Congo hot pepper. 

MATERIALS A N D METHODS 

This study was conducted in Trinidad at the Central Experiment Station, Centeno, 
Ministry of Agriculture, Land and Marine Resources (MALMR) (10° 35'N, 61°20'W). Seeds from 
two landraces, Congo pepper and Pimento pepper were sown in speedling trays containing peat 
moss and perlite. These landraces were used in this study because they are widely known, 
grown, marketed and consumed in Trinidad and Tobago. 

The seeds were sown on December 8, 2005; 28 days later (January 5, 2006), uniformed, 
hardened seedlings, 15 cm in height, with four developed true leaves were transplanted. The flat 
block of land was prepared by ploughing and rotovating with beds 15 cm high and drains 30 cm 
wide and 15 cm deep. The inter-plant and inter-row spacing were 60 cm χ 75 cm respectively 
(approximately 22,000 plants per hectare). The distance between plots was 75 cm. The planting 
holes were drenched with Banrot® to control soil-borne fungi. Each plant was irrigated with 400 
ml water from a calibrated container for a period of four weeks after transplanting. This 
procedure allows growth, development and flowering to proceed. 

There were 18 plots of Congo pepper, 18 plots of Pimento and six plants per plot. Six 
irrigation treatments were replicated three t imes in a split plot design in which the main plots 
were the irrigation treatments and the sub plots were the two pepper landraces. The six 
treatments and frequencies of application were as follows: 

• 630 ml water applied to each plant each day 
• 1,260 ml water applied to each plant every two days 
• 1,890 ml water applied to each plant every three days 
• 950 ml water applied to each plant each day 
• 1,900 ml water applied to each plant every two days 
• 2,853 ml water applied to each plant every three days 

The control treatment was located in an adjoining plot and consisted of 15 plants each of 
Pimento and Congo pepper, which were untreated, i.e., which received no irrigation. 

The irrigation treatments were applied to the plants 34 days after transplanting and 
continued up to the 11th harvest on June 23. The water used for irrigation was sourced from the 
domestic supply and stored in metal drums at convenient locations on the experimental site. 

The determination of the irrigation treatment options for screening in this study was 
based on earlier studies on Capsicum chinense by the Soils Department of the Central 
Experiment Station, Centeno, MALMR, over the period 2001 to 2005. The calculations and 
procedures used were from publications by Doorenbos and Kassan (1979), and Israelsen and 
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Hansen (1962). The information used in the soil water depletion studies for pepper on Piarco 
Fine Sand included the following: 

• Bulk density (dry) 0.916 g/cm3 

• Bulk density (wet) 1.3 g/cm3 

• Moisture content (Field capacity) 22.1% 
• Moisture content (Wilting point) 8.1% 
• Area occupied / plant (0.45 m2 ) 
• Volume occupied / plant (0.095 m3) 
• Available water (28.0 mm) 
• Crop coefficient at harvest (kc) 1.15 
• (ETm) Maximum évapotranspiration rate of the crop when soil water is not limited (6.8 

mm/day) 

A water ring was made about 20 cm from the stem of each plant and consisted of a 
circular depression about 6 to 8 cm deep. This served to prevent any run-off of irrigation water 
and fertilizer from the root zone. 

A pre-plant application of 14 g 12:24:12 fertilizer was incorporated into each planting 
hole. Two weeks after transplanting, each plant received 10 g 20:20:20. This was repeated bi-
weekly until flowering commenced. Thereafter, 12:12:17+2 (Ν Ρ Κ + Mg) was applied at 20 g 
per plant up to the 12th picking. 

All weeds within the experimental area were controlled manually. Weeds outside the plot 
were controlled with a hand-held brushcutter. Abamectin was applied at 14-day intervals and 
alternated with Pyriproxyfen to control insects. Copper hydroxide was alternated with Copper 
sulphate pentahydrate to control fungal problems. All pesticides were applied at the 
recommended rates along with a spreader/sticker. Four out of six plants per plot, for each 
treatment were randomly selected and tagged for fruit harvesting. Pimento and Congo peppers 
were harvested from these plots at weekly intervals for 12 pickings. Peppers were harvested 
when the first streaks of red were apparent. The fruit stalk was left intact on the fruit. The first 
harvest was done on April 4 and the 11th harvest occurred on June 23. The crops were rain-fed 
over the period June 24 to July 7. The 12th and final harvest was done on July 7. 

The pedicel of the flowers emerged in and around the nodes of the branches for both 
landraces. Any aborted flower left a scar at the point where the pedicel was attached. At 48 
days after transplanting, two plants were randomly selected from each plot. Three branches from 
each plant were tagged and weekly counts of the scars were made. 

Soil core samples were taken from an adjoining plot at three depths, 0 to 10 cm, 11 to 20 
cm and 21 to 30 cm and the soil moisture percentage was determined. 

Data collected comprised the following information: 
• Fruit number per plant 
• Fresh fruit weight per plant 
• Number of flower abscission scars 
• Time from transplanting to the onset of flowering 
• Time from transplanting to first harvest 
• Fruit length, fruit width, and flesh thickness 
• Soil moisture percentage 
• Plant height and canopy width 
• Depth of penetration and spread of roots in the rhizosphere 

The analyses were computed by using the GENSTAT software (Numerical Algorithms 
Group, 2008). 
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RESULTS AND DISCUSSION 

The plants in the control plot all wilted and died by mid February. The results below for 
the various parameters consider only the plots with the irrigation treatments; these yielded fruit 
throughout all harvests. 

Yield of f ru i t 

The ANOVA of number of fruit per plot per month showed significant effects for variety 
(P=0.010); time (P<0.001) and variety*time (P=0.042). There were no significant effects (P>0.05) 
for volume of water, frequency and the interactions associated with volume and frequency. 
Yields were higher in May and July than they were in April and June (Table 1). Pimento gave 
more fruit numbers than Congo pepper in June and July but fruit numbers of both varieties were 
similar in April and May. 

The repeated measures ANOVA of total weight of fruits showed significant effects for 
time (P<0.001) and variety*time (P=0.003), but all other effects were not significant (P>0.05). 
Highest fruit weights were in May and July, with June having lowest fruit total weights. Pimento 
weights in June were more than treble those for Congo pepper. In May and July total Pimento 
weights were also higher, but by a much smaller margin than in June. In April the highest total 
fruit weight was for Congo pepper (Table 2). 

Over the total of the 12 harvests Pimento out-yielded Congo pepper in both irrigated and 
rain-fed conditions. An estimated equivalent overall yield of 136.5 and 117.6 metric tonnes/ha 
(fresh weight) of Pimento and Congo pepper, respectively, was obtained in this study after 12 
pickings, at a high density spacing of 0.6 m χ 0.75 m at the various irrigation levels and 
frequencies of application. Applying a minimum rate of 630 ml water per day produced an 
estimated equivalent yield of 128.0 and 153.5 metric tonnes per ha of Congo and Pimento 
peppers, respectively, after 12 pickings. 

Yields of 30.3 metric tonnes/ha hot pepper have been obtained over a 15 to 20 week 
period at spacing 0.9 m χ 1.5 m (Ministry of Agriculture, Land and Marine Resources 2006). 
Doorenbos and Kassam (1979) noted that under irrigation, commercial yields are in the range of 
15 to 20 tonnes/ha. Yields of 20 to 25 tonnes/ha can be obtained under favourable climatic 
conditions and from high-producing varieties under high levels of management. Adams et al. 
(2007) reported that an average yield of 78.5 tonnes/ha for hot pepper can be obtained at a high 
density spacing of 0.6 m χ 0.75 m. 

The repeated measures ANOVA for individual fruit weight showed significant effects for 
variety (P=0.037), time (P<0.001) and time*variety (P<0.001). Again there were no significant 
effects (P>0.05) due to frequency, volume of water and interactions associated with frequency 
and volume of water. Fruits were much heavier in April than in the other three months (May, 
June and July). In April and July, Congo peppers were heavier than Pimento, but in May and 
June the weights of the two varieties were similar (Table 3). 
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able 1 : Average number of fruit per plot by month, variety and treatment 
Congo pepper Pimento 

Vol. (ml) 
630 1260 1890 950 1900 2835 630 1260 1890 950 1900 2835 

od Freq. (days) once twice thrice once twice thrice once twice thrice once twice thrict 
155 119 94 118 93 135 107 115 110 59 163 32 

343 318 232 334 328 371 323 341 335 423 388 336 
a 59 41 40 34 40 93 232 121 104 180 154 187 

368 235 209 184 273 322 453 408 334 541 236 407 
S.E.M Within columns: 64 (42 d.f.) Between columns: 69 (66 d.f.) 
L.S.D. (5%) Within columns: 200.06 (42d.f.) Between columns: 1184 (71 d.f.) 

able 2: Average total weight (g) of fruits harvested per plot by month, variety and treatment 
Congo pepper Pimento 

630 1260 1890 950 1900 2835 630 1260 1890 950 1260 2835 
Vol. (ml) 

od Freq. (days) once twice thrice once twice thrice once twice thrice once twice thrict 
I 1460 1159 1334 1700 1216 1365 1079 1001 940 566 1429 244 

1978 1568 1606 2233 2431 1985 2190 2416 2285 3039 2173 2365 
e 254 177 233 202 257 505 1269 689 695 986 854 989 

2053 1262 1744 1267 2124 1640 2368 1975 1613 2503 1149 2041 
S.E.M Within columns: 347 (49 d.f.) Between columns: 394 (71 d.f.) 
L.S.D. (5%) Within columns: 1050 (49 d.f.) Between columns: 1184 (71 d.f.) 

Table 3: Mean weight (g) of fruits harvested per plant by month, variety and treatment 
Congo pepper Pimento 

1260 1890 950 1900 2853 630 1260 1900 950 1890 2853 
Vol. (ml) & Freq 630 

Daily 
2 days 3 days Daily 2 days 3 days Daily 2 days 3 days Daily 2 days 3 da\ 

10.0 10.8 13.8 13.4 14.7 10.2 9.6 8.7 8.4 9.8 8.4 7.5 
April 
May 5.9 5.5 7.0 6.6 8.0 5.4 6.6 7.0 6.7 7.6 6.0 7.0 
June 4.6 4.9 5.9 5.5 6.8 5.4 5.4 5.7 7.6 5.4 5.4 5.3 
July 6.0 6.7 8.3 6.8 7.7 5.2 5.0 5.0 4.8 4.6 5.0 5.6 
S.E.M Within columns: 0.71 (61 d.f.) Between co umns: .08 (49 d •f.) 
L.S.D. (5%) Within columns: 2.078 (61 d.f.) Between columns: 3.155 (49 d.f.) 
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Fruit size 

During the period April 4 to June 22, regular samples of 10 fruits were taken and 
measured for length, width and wall thickness of fruit. At each date when samples were taken, 
treatment and variety differences were examined by using ANOVAs. 

Measurement of length at the first harvest on April 4 showed significant differences (P= 
0.004) between the treatments and also between varieties (P= 0.046). Table 4 shows that fruits 
from both varieties were longest for treatments V1260 and V1900; the shortest length fruits for 
Congo pepper were from treatment V1890, and for Pimento were from treatment V950. Overall, 
Congo pepper (55.6 mm) was longer than Pimento (49.6 mm) at the first harvest. 

For the remaining harvests, there were no treatment differences (P> 0.05) in length of 
fruit. The length of Congo pepper was fairly constant for the first four harvests, but from the 
harvest of April 20 onwards the length of Congo pepper fruits began to get smaller, and by the 
final harvest on June 22 the average length of Congo pepper was 32.3 mm. 

On the other hand, the Pimento got slightly longer for the first four harvests with average 
length on April 20 being 56.9 mm. However, by the final harvest the length of Pimento declined 
to 40.5 mm. There was no significant difference between the length of the varieties after the first 
harvest April 4 until April 20, when Pimento was significantly longer (P= 0.004). It remained 
significantly longer (P< 0.05) until the final measurement taken in June 22. 

Table 4: Average length of fruit (mm) at first harvest, April 4 
Treatment {volume of water (ml)} Congo pepper length (mm) Pimento length (mm) 
V630 55.9 52.8 
V950 52.7 40.1 
V1260 65.5 57.4 
V1900 73.0 54.6 
V1890 38.7 51.3 
V2853 47.5 41.6 
S.E.M. 4.51 L.S.D. 10.05 (10 d.f.) 

The width of fruit also displayed treatment (P=0.046) and variety (P= 0.001) differences 
at the first harvest. The interaction was also significant (P= 0.002). 

Table 5 reveals that the two treatments which gave the narrowest Congo pepper (V1260 
and V1900) did not give narrowest Pimento, compared to the other treatments. Treatment V950 
produced the broadest Congo pepper and the thinnest Pimento. For the remaining harvests 
there were no treatment differences for fruit width (Table 5). 

Table 5: Average width (mm) of fruit at first harvest April 4 
Treatment {volume of water (ml)} Congo pepper width (mm) Pimento width (mm) 
V630 43.2 29.2 
V950 44.3 15.3 
V1260 19.1 27.3 
V1900 25.5 29.7 
V1890 39.6 26.2 
V2853 33.9 25.1 
S.E.M. 3.39 L.S.D. 7.56 (10 d.f.) 
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The fruit width of Congo pepper was broader than that of Pimento at the first harvest 
(34.3 and 25.5 mm, respectively) and apart from the second harvest, Congo pepper remained 
significantly (P< 0.05) broader than Pimento until June 7. For the final harvests (June 13 and 
June 22), there were no significant differences (P> 0.05) in fruit width. 

For the first harvest on April 4 there was a significant treatment effect (P= 0.018) of wall 
thickness. The wall thickness was greatest for V630, V1260 and V1890 and least for V1900 
(Table 6). For the second harvest (April 6) there was a significant (P= 0.028) treatment*variety 
interaction. Treatment V1890 gave the thickest walls (3.25mm) for hot pepper and the thinnest 
for Pimento (1.72 mm). 

fable 6: Average wall thickness (mm) of fruit at first harvest, April 4 
Treatment Congo pepper wall thickness Pimento wall thickness 
{volume of water (ml)} (mm) (mm) 
V630 2.75 2.12 
V950 2.65 1.70 
V1260 2.70 2.32 
V1900 1.80 2.18 
V1890 3.07 1.98 
V2853 2.53 2.00 
S.E.M. 0.33 L.S.D. 0.73 (10 d.f.) 

During the period April 20 to May 1, the treatment and variety effects for wall thickness 
were both significant. Pimento had the thicker walls. Among the treatments, V2835 gave the 
thickest walls, followed by V950. 

From May 5 onwards there were no treatment effects (P> 0.05) for wall thickness except 
on one occasion (June 13, P= 0.050), but for all except two of these nine harvests, Pimento had 
significantly thicker walls than Congo pepper (P< 0.05). 

Plant size 

Samples of 10 plants were measured for height on March 7, May 8, and June 5 and were 
ANOVAs-computed. On March 7 the Pimento plants were significantly (P=0.008) taller than 
Congo Pepper (43.7 cm as against 36.7 cm). On the other two dates, there were no significant 
differences (P>0.05) in plant height. The average values (for Pimento and Congo Pepper, 
respectively) on May 8 were 69.7 and 75.4 cm; and on June 5 were 85.6 and 87.1 cm. There 
were no significant treatment effects (P>0.05) for plant height. 

The samples of plants were measured for canopy width on March 27 and May 8 and 
ANOVAs computed. On both dates the canopies of Congo peppers were larger. For Congo 
pepper and Pimento respectively, the average canopy widths were on 27 March, 73.0 and 65.4 
cm (P=0.011), and on 8 May, 103.1 and 85.1 cm (P<0.001). There were no significant treatment 
effects (P>0.05) for canopy width. 

Number of scars 

The number of scars on the pepper plants was recorded from the beginning of the 
harvest period until June 7. Table 7 summarizes the mean number of scars per plot per month. 
Repeated measures ANOVA for mean number of scars showed that there were significantly 
higher numbers of scars (P<0.001) in plots with Congo pepper plants than in plots with Pimento. 
The number of scars significantly increased over time (P<0.001). Also, the time*variety 
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interaction was significant (P<0.001). Once again there were no significant effects (P>0.05) for 
frequency, volume of water and associated interactions. 

Table 7: Mean scars per month per plot by variety and treatment 
Congo pepper 

Vol. (ml) & Freq 630 1260 1890 950 1900 2853 
Daily 2 days 3 days Daily 2 days 3 days 

Apr 70 65 65 77 78 80 
May 127 109 113 149 137 123 
June 135 134 138 159 143 140 

Pimento 
Vol. (ml) & Freq 630 1260 1900 950 1890 2853 

Daily 2 days 3 days Daily 2 days 3 days 
Apr 56 51 54 61 60 64 
May 78 61 73 73 68 83 
June 85 79 82 94 70 93 

S.E.M Within columns: 35 (34 d.f.) Between columns: 48 (48 d.f.) 

In April, similar numbers of scars were observed for Congo pepper and Pimento. In May, 
the number of scars observed on Congo pepper almost doubled when compared to the April 
numbers, but there was only a slight increase in scars on Pimento in May compared to numbers 
in April. In June, observations were similar to those in May, with approximately 40% higher 
number of scars on Congo pepper plants than on Pimento. 

The increase in the mean number of scars over time was not unexpected. As crop growth 
progressed, the number of branches and nodes increased, thus resulting in higher f lower 
production and the dry, hot condit ions may have encouraged flower drop. The comparatively low 
and similar pattern of f lower drop in April may be attributed to the two landraces being smaller 
but similar in size at this stage of growth. Also, the plants may have benefitted from the residual 
moisture in the soil from scattered showers from January to March (Table 8). Erickson and 
Markhart (1979) reported that f lower drop in pepper is a common problem during hot weather 
and is responsible for reduced production. It was also noted that decreased pepper yield is due 
to f lower abortion and not due to decreased flower initiation or plant growth. 

rable 8. Monthly and mean daily rainfall (mm) for the period January- July 7 
Period January February 

March 
April May June July (1-7) 

Monthly rainfall 224.7 84.9 114.2 26.8 43.2 244.5 57.1 

Daily rainfall 7.25 3.03 3.70 0.89 1.39 8.15 8.16 

Bosland and Votava (2000) noted that pepper is known to be sensitive to moisture stress 
during blooming, and blossoms and immature fruits are likely to abort. On the positive side, 
these authors noted that water-stressed plants generally produced more pungent pods. They 
also observed that f lowers do not set when mean temperatures are above 32° C. In April, there 
were 22 days when mean temperatures were above 32° C compared with 28 days in May, 12 in 
June, and four days in the first week of July. 
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These authors also reported that flowers abort when minimum temperatures are above 
24° C. In April there were four days with minimum temperatures above 24° C, compared with 13 
in May, and 18 in June; these temperatures may partly account for the flower drop observed. 
The experimental site at Centeno was not protected by windbreaks; therefore, the strong North 
East Trade winds may have contributed to flower drop. Poor fruit set at high temperatures was 
attributed to excessive transpiration by the plant (Cochran, 1932). Dorland and Went (1947) 
thought it was due to insufficient sugar translocation. 

Correlations between number of scars and fruit yield were generally negative. Therefore, 
there is evidence that large scar numbers do have a somewhat negative effect on fruit numbers 
and total fruit weight. The correlations between number of scars and individual fruit size were 
positive. Therefore, there is evidence that large scar numbers are associated with larger fruit. 
This finding may be due to more metabolites being channeled into a reduced fruit number, 
resulting in larger fruits produced. 

Soil moisture 

The moisture content of the soil was measured at three depths on a total of 52 dates 
between February 22 and July 7. Soil moisture varied highly significantly both among dates and 
depths (P<0.001). Soil moisture declined from approximately 25% near the surface (0 to 10 cm) 
and 22% between 11 to 20 cm in late February to approximately 8 and 12% at the same two 
levels at the end of May. Rainfall was generally light for the period February to May (Table 8); 
68.3% of the days in this period had less than 0.1 mm of rainfall. By June 6, early rainy season 
conditions raised the soil moisture to 11% at the surface, but it remained at 12% between 11 to 
20 cm. By July 7, rainy season conditions further raised the soil moisture to 23% at the surface 
and 20% between 11 to 20 cm. Rainfall of high intensity (153.4 mm) was experienced between 
June 24 to July 7. 

The final harvest yield data for Pimento and Congo pepper was taken on July after the 
plants had been entirely rain fed since July 24th. Although the final harvest was over a two-week 
duration, yield was higher than that obtained in previous months (Tables 1 to 3). Table 8 shows 
that the soil moisture percentage increased from 11% in June 6 to 23% in July 7 at the surface 
(0 to 10 cm). At 11-20cm the soil moisture percentage increased from 12% on June 6 to 20% on 
July 7. At the final harvest the soil moisture percentage was near to field capacity (22.1%). At the 
end of the study root measurements on four randomly selected plants of both landraces were 
taken. The depth of penetration of the tap roots of both landraces averaged 15.6 cm. The 
branched lateral root system averaged 24 cm at its furthest spread. This increased availability of 
water in the root zone may have enabled the plant to better utilize the soil nutrients in the 
rhizosphere, thus giving a boost in yield. 

The soil moisture percentage from February 21 to June 6 at both soil depths were below 
field capacity (Table 9). The results in Tables 1 to 3 indicate that the moisture content of the soil 
does not have to be at field capacity in order to produce high yields of Pimento and Congo 
pepper. 

Table 9. Soil moisture percentage at two depths for the period February 21 to July 7, 2006. 

Period Soil Depth Soil Moisture % Soil Depth Soil Moisture % 

February 21 

0 to 10 cm 

25 

11 to 20 cm 

22 

May 31 
0 to 10 cm 

8 
11 to 20 cm 

12 

June 6 
0 to 10 cm 

11 
11 to 20 cm 

12 
July 7 

0 to 10 cm 

23 

11 to 20 cm 

20 
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The sensitive growth period for water deficit in pepper is throughout, but particularly just 
prior to the start of flowering (Doorenbos and Kassam, 1979). Pimento and Congo pepper plants 
flowered at 45 and 47 days, respectively, after transplanting. Prior to this period, all of the plants 
received an equal amount of irrigation (400 ml/day). Consequently, no plant had an unfair 
advantage over the other in respect to water application per plant at flowering. 

The ETm (mm/day) for Congo pepper on Long Stretch series (soil no. 59) was 6.8 
mm/day. The soil depletion fraction (p) as determined by Doorenbos and Kassam (1979) at this 
ETm was 0.225. This figure meant that about 22.5% of the available soil water over the root 
depth can be depleted. This could in turn greatly reduce water uptake by the plant. There was 
evidence of temporary wilting of plants in the afternoon, especially those in plots which received 
irrigation every three days. However, all wilted plants recovered each morning. There were no 
plant deaths in this study apart from those in the control treatment. 

Soil type 

The soil type (Long Stretch series) in this study was poor in both chemical and physical 
characteristics (Brown and Bally, 1976). It had impeded drainage, and it became easily 
desiccated. The profile is extremely acidic and is low in all nutrients, especially after being 
cropped for more than two seasons. The soil pH at 0 to 25 cm was 3.9. The optimum pH for 
pepper cultivation is 5.5 to 7.0 (Doorenbus and Kassam, 1979). In this study, the soil was not 
limed, and this lack may have reduced the potential productivity of the plants. Breaking of the 
surface crust was done bi-weekly in order to facilitate percolation of water into the root zone. 

Pepper pr ices 

By planting early in the dry season, as was done in this study (January 5), farmers would 
have benefitted from the high prices obtained in the rainy months for the period June to 
December (Table 10). 

Table 10: 2006 Hot pepper prices per kg at NAMDEVCO wholesale markets 

Jan Feb March April May June July Aug Sep Oct Nov Dec Average 
Price for 
the year 

$9.13 $8.27 $7.76 $6.39 $8.60 $9.29 $8.84 $9.10 $17.41 $12.92 $11.23 11.29 10.02 

Source: NAMDEVCO'S Marketing Department, Debe, Trinidad 

CONCLUSIONS AND RECOMMENDATIONS 

• Pimento and Congo pepper cannot be grown successfully in the absence of irrigation in the 
dry season. At locations where there is access to irrigation water, acceptable levels of 
production can be achieved by applying this irrigation system, rather than deciding not to 
produce any crop. 

• The study did not show significantly greater yields for the higher and more frequent irrigation 
treatments than for the lower and less frequent irrigation treatments. 

• Pimento outyielded Congo pepper in both irrigated and rain-fed conditions. Estimated 
equivalent overall yields of 136.5 and 117.6 metric tonnes/ha (fresh weight) of Pimento and 
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Congo pepper, respectively, at a high density spacing of 0.6 m χ 0.75 m were obtained at the 
various irrigation levels and frequencies of application after 12 pickings. Applying a minimum 
rate of 630 ml water per day produced an estimated equivalent yield of 128.0 and 153.5 
metric tonnes per hectare of Congo and Pimento peppers, respectively, after 12 pickings. 

• Congo pepper seemed to be more sensitive to drought conditions, evidenced by higher 
flower abortion. 

• Correlations between number of scars and fruit yield were generally negative. 

• There is evidence that large scar numbers are associated with larger fruits. 

• The results indicated that the soil moisture content does not have to be at field capacity in 
order to produce high yields of Pimento and Congo pepper. 

• The surface irrigation system used in this study was simple and inexpensive and may find 
applicability on small holdings (0.20 ha) and in home garden plots. In this system, water is 
applied directly onto the plant's root zone, in a controlled uniform manner. Since the irrigation 
was applied below the foliage, it had no effect on flower drop, the washing away of pesticides 
from the foliage and loss of fertilizer in run-off water. 

• By having mature plants available at the beginning of the rainy season, growers have a 
definite head start over farmers who traditionally transplant seedlings to the field at the onset 
of rains in June-July each year. Additionally, farmers stand to benefit from the favourable 
prices which usually prevail in the wet season. 

• The water ring ensured that all water and fertilizers applied remained within the root zone. 

• Water for the small plots can be provided from a number of sources, including a domestic 
supply, surface storage in tanks or steel drums (barrels), wells (shallow or deep), streams, 
springs, rivers and irrigation canals. 
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FOOD CROP PRODUCTION AND LAND MANAGEMENT FOR CARONI (1975) LIMITED '2 
ACRE FARMS' IN TRINIDAD AND TOBAGO 

Seunarine Persad1, Ian Rampersad2 and Ramgopaul Roop3. University of Trinidad and Tobago 
Corinth (seunarine.persad@utt.edu.tt) 2Research Division, Ministry of Agriculture, Land and 
Marine Resources (SOILS DEPT@yahoo.com), 3TTABA Tunapuna 

ABSTRACT: Establishment of crop and livestock farms, including 7,800 '2-acre' farms and 16 
large farms, on Caroni (1975) Ltd extensive sugar cane land holdings, is a key agricultural 
diversification policy initiative in Trinidad and Tobago. The development objective is the 
sustainable management of strategic agricultural land resources for increased food production, 
employment and food security. Field surveys conducted in 2008/2009 indicate that < 5% of 2-
acre plots developed were occupied and < 3% engaged in productive agriculture, although high 
land development expenditure was incurred. Soil and land use investigations and analyses of 
the '2-acre' farms, conducted island-wide, confirm that agricultural utilization is adversely 
influenced by a range of technical and socio-economic constraints, including, inter alia, 
impoverished, acidic, heavy clay soils; inadequate drainage, insufficient irrigation and poor 
access infrastructure; land clearing, tillage and soil amelioration challenges; lack of technical 
and related extension support; and limited farmer training, knowledge and expertise in intensive 
soil and crop management. The '2-acre' farm model as proposed is not feasible as a production 
unit and has minimal impact on national food production and food security. An advanced 
integrated land use model (TTABA Model) is designed to mitigate the technical and socio-
economic constraints while increasing sustainable production of strategic food commodities -
sweet potato, cassava, bananas, vegetables, legumes and tropical fruits- and while utilizing 
7,400 hectares of former sugar cane lands. The TTABA model proposes consolidation of '2-
acre farms' into discrete land management units, based on land capability criteria, and 
supported with the technical and financial resources to improve soil management, tillage, 
irrigation, agronomy, post-harvest quality, financing and market requirements for effective 
diversification to sustainable food production farms. 

Keywords: Agricultural diversification, Crop production, Land management, Land use models 

INTRODUCTION 

Establishment of crop and livestock farms, including of 7,830 2-acre farms and 16 mega 
farms on Caroni (1975) Limited former sugar cane lands, is a key agricultural policy initiative of 
the Government of Trinidad and Tobago (GOTT). The principal objectives of this policy were 
identified as the enhancement of domestic food production, the generation of agricultural activity 
in rural communities, sustainable management of land resources, and the provision of national 
food security. 

Caroni (1975) Limited, a sugar-based agro industrial state company in Trinidad and 
Tobago, terminated its core business activity of sugar production in 2003. Employees were 
allocated 2-acre land parcels to engage in a wide range of agricultural enterprises, and 
approximately 7,800 applicants were assigned plots (Table 1). These plots were surveyed, 
excised from sugar cane land sections island-wide, and provided with basic infrastructure, 
limited to rudimentary access roads and perimeter field drains. 

The Estate Management and Business Development Company (EMBD) was assigned 
responsibility for land surveys, plot identification and demarcation, infrastructure development, 
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and project management. The Ministry of Agriculture, Land and Marine Resources (MALMR) 
assumed responsibility for farmer training, registration, definition of agricultural leases and 
coordination of inter agency technical support including public utilities, agricultural credit and 
marketing. 

Field surveys by the Soil and Land Capability Unit in 2008 indicated that <5% of 2-acre 
plots were occupied and <3% engaged in productive agriculture, with occupancy rates on the 
Naparima peneplain, South Trinidad, even less than the national average land utilization. The 
infrastructure development, land allocation, and land utilization initiatives have not progressed 
satisfactorily. After five years, the agricultural development objectives of the 2-acre farm 
programme have not been achieved. 

Farmers who attempted to cultivate assigned plots were confronted by a range of 
technical and socio-economic constraints. Technical constraints included inadequate land 
clearing and development, impoverished acid soils, rudimentary access roads, inadequate 
infield drainage for heavy clay soils, and an absence of irrigation facilities. Socio-economic 
constraints included lack of technical support, uneconomic farm size, limited agricultural 
knowledge, and distance of plots from farmer residences. 

M E T H O D O L O G Y 

The methodological framework for the development of an agribusiness plan for Caroni 
(1975) Limited '2-acre' farms was formulated by an objective assessment that recipients of plots 
were not technically equipped to manage agronomy on heavy clay soils with limited agricultural 
infrastructure, and consequently they will be amenable to developing strategic partnerships for 
land utilization. TTABA has an inherent capacity to provide technical and agri-managerial skills 
in land development and engineering, agronomy, marketing, processing and training. 
Production efficiency would be enhanced through crop zoning and scheduling, rationalization of 
machinery and equipment use, production and marketing scheduling, and sustainable 
development of the soil and water resources. 

The framework comprises the following elements: 
(a) Acquisition of reports, maps, survey plans detailing topography, soil, land capability and 

land distribution status of 30 sites allocated for '2-acre' farms. 
(b) Examination and evaluation of review of technical reports and studies commissioned to 

determine use of Caroni (1975) Limited land assets. 
(c) Site visits to evaluate present land use programmes and status of infrastructure projects. 
(d) Determination of enterprise suitability recommendations through analysis of land 

characteristics, crop suitability protocols, national food security policy, and TTABA 
production requirements. 

(e) Compilation of reports and recommendations. These proposals were developed over the 
period November 2008 to January 2009. 

D I S C U S S I O N 

ANALYSIS OF CONSTRAINTS INFLUENCING '2-ACRE' FARMS 

The soil fertility and water management characteristics of Caroni (1975) Limited lands 
allocated for 2-acre farms were evaluated by soil surveys and field investigations supplemented 
by chemical and physical laboratory analyses by Persad et al. (8) in 2006 and 2007. Eight land 
use constraints including requirements for extensive land clearing and leveling; absence of 
irrigation infrastructure; high soil acidity < pH 4.5; low nutrient NPK levels; high lime requirement 
for vegetable production and intractable soil physical properties were identified and quantified 
(Table 2). Soil amelioration, nutrient management, tillage, drainage and irrigation were 
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assessed as critical factors influencing the development of 2-acre farms. Investigations 
conducted in 2009 confirmed that the development proposals for 2-acre farms were limited as to 
access roads and perimeter drainage channels. Structured development projects essential for 
agricultural utilization of the plots were not listed in the documentation profiles. 

A major constraint to sustainable agricultural development on 2-acre farms is the 
absence of development plans to provide irrigation water supplies. Rain-fed agriculture restricts 
the selection of crops, with consequent reduction in acreage cultivated and production targets. 
Collection and storage of irrigation water supplies within a two-acre land holding will constrict 
the already limited sound agricultural acreage. A land consolidation model will enable the 
planning and implementation of regional irrigation projects with a capacity for a range of water 
delivery systems consistent with crop programmes. 

Table 1: A l locat ion of 2-acre Caroni (1975) Limited Farms by Sect ions 

Section Acreage (ha) No. of Plots 
Caroni 316 260 
Orange Grove 100 104 
Jerningham 260 271 
Edinburgh A, Β 700 690 
Felicity 1, 2 620 655 
Waterloo 1, 2 644 672 
Exchange 1,2 920 1,261 
Montserrat A, Β 370 385 
Reform/ Williamsville A, B, C, D 600 732 
Petite Morne 660 722 
La Fortune 940 940 
La Gloria 340 340 
Cedar Hill 600 725 

7,390 7,757 

Table 2: Land Quali ty Restr ict ions on Caroni (1975) '2-acre' Farms 

Restr ict ion Acreage % Main Sect ions 
Inadequate Drainage 4,950 67 Caroni, Waterloo, Exchange, Edinburgh, Felicity 
Irrigation (Absence) 6,500 88 All Sections 
Soil Acidity, pH < 4.5 4,200 57 Jerningham, Exchange, Waterloo, Felicity 
Erosion > 50% topsoil loss 1,480 20 La Gloria, Cedar Hill, Petit Morne, Picton 
Compaction 2,585 35 Jerningham, Caroni, Edinburgh 
Low Nutrient Availability 5,620 76 North and Central Sections 
Land Clearing, leveling 6,950 94 All Sections 
Adverse Soil Physical Properties 5,320 72 Central and South Sections 
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TABLE 3: ACIDITY LEVELS IN CARONI ( 1 9 7 5 ) LIMITED SECTIONS 

Section Acreage Sampled 
(ha) Mean Range 

Edinburgh 190 4.59 3 . 5 0 - 5 . 4 0 
Jerningham 150 4.08 3 . 5 0 - 5 . 0 6 
Exchange 230 4.11 3 . 5 2 - 5 . 6 3 
Caroni 230 4.19 3 . 6 4 - 4 . 2 8 
Felicity 240 4.48 4 . 1 3 - 5 . 3 6 
Waterloo 260 4.09 3 . 7 0 - 5 . 7 3 
Montserrat 20 4.36 4 . 1 3 - 4 . 6 2 

High soil acidity levels on Caroni (1975) Limited land in North and Central Trinidad result 
from high use of urea and unbalanced fertilizer practices. Soil pH levels (Table 3) range from 
pH 4.3 to 5.0, with low cation exchange capacity and low nutrient levels. The unavailability of 
quality limestone supplies for soil amelioration results in the limited choice of crops with high 
aluminum tolerance including cassava, pumpkins and sorrel. Caroni (1975) Limited soils 
require a high level of technical soil management to ensure profitability. 

Soils in South Trinidad reflect significant exposure of subsurface marls in Cedar Hill, 
Petit Morne and Williamsville sections. These exposures are influenced by soil erosion and 
slumping, especially on undulating topography, and indicate accelerated erosion from poor 
tillage and land preparation practices. Management of soil chemical relationships in all sections 
will require frequent soil testing, diagnoses and fertilizer recommendations. The alternative will 
be high fertilizer input, limited crop selection and low crop yields. 

Development of T T A B A Model 

The Trinidad and Tobago Agri-business Association (TTABA) is a private company, 
established to facilitate the planning and development of the local agri-business sector. TTABA 
has the responsibility of implementing the GOTT-funded National Agri-business Development 
programme (NADP), which has both developmental and commercial agricultural components. 

The developmental components are aimed at establishing and supporting community 
and farmer associations, community industry associations and at facilitating research to support 
targeted commodities. The commercial components involve contract production with farmer 
associations and large farms, establishing new agro-processing facilities, and the producing and 
marketing of new value added food, feed and non-food products from agricultural produce. 

The development of production farms on Caroni (1975) Limited land allocated for 2-acre 
farms is considered important for implementation of TTABA business development strategy. 
The Caroni land resources are strategically located in relation to agronomy and agri-business 
development. An objective assessment indicated that recipients of plots are not technically 
equipped to manage agronomy on heavy clay soils with limited agricultural infrastructure, and 
ensure sustainable production of commodities required for agri-business development. 

The SWOT analyses conducted as part of this study indicate that partnerships will mean 
the establishment of large farm units (> 100 ha) through consolidation of 2-acre plots into 
technical and economically feasible units. Development of these strategic partnerships with 
recipients will result in greater land utilization consistent with GOTT and TTABA policy. 
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TTABA has an inherent capacity to provide the technical and agri-business managerial 
skills in land development and engineering, agronomy, processing and marketing. Production 
efficiency and sustainability will be enhanced through crop zoning and scheduling; 
rationalization of machinery and equipment use; production and marketing services, and 
national development of soil and water resources. Additional to the technical constraints of land 
management, many recipients have opted not to utilize the lands for reasons ranging from lack 
of funds for investment, lack of interest in agriculture, distance of plots from residence and 
threats of praedial larceny. Survey data also indicated that 46.1% of recipients are more than 
60 years old with minimal interest in agriculture with a high labour component. 

The TTABA land utilization model were developed on the basis of an analysis of soils, 
land capability and crop production protocols, especially for rain-fed agriculture in tropical 
environments (3). Also evaluated were strategic enterprises including tree crops, root crops, 
aquaculture, small ruminants, and legumes consistent with soil and land capability studies on 
Caroni lands (4) and TTABA agri-business projections (9). 

The TTABA model includes allocations for specific business units. The allocation and 
five-year development schedule is presented in Tables 4 and 5. The schedule proposes 
cultivating 5,668 hectares with a contingency allocation of 20% of land allocated for 
infrastructure development and environmental protection. The projected allocation is tropical 
fruits and tree crops (50%); herbs and spices (0.3%); staples - roo t crops and vegetables (26%); 
livestock and aquaculture (20%). The projected production volumes of farm output are 
presented in Table 6. Detailed analyses indicate that the projected production volumes are 
consistent with TTABA strategic food production initiatives for agro-processing, agri-business 
development and national food security (9). Additionally there is a significant potential for 
increasing rural employment and revitalizing the agricultural sector in Trinidad and Tobago. 

Critical factors influencing the implementation of the TTABA model include a specific 
research support service, especially soil and crop protection management, marketing support 
(NAMDEVCO), Agriculture credit (ADB) and public utilities. The involvement of regulatory 
agencies (EMA) and inter agency coordination is a key factor in ensuring national support in the 
food security initiative proposed. 

The consolidation of 2-acre plots into technical and economic management units is 
advanced. Allocation of consolidated parcels to specific crops on the basis of soil, topography 
and land capability analyses is a distinctive factor in sustainable land resource management. 
Critical for success at the operational level are these factors: the effective use of equipment and 
machinery resources for farming heavy clay soils, and the application of structured agronomic 
programmes in cultivation, fertilization, drainage, irrigation, soil conservation and integrated pest 
management. 
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Table 4: Land Use Recommendat ion Caroni '2-acre' Farms 
Land Use/ Section Matrix 

OG 
Crops 

JJ ED W EX M R/W Ρ M La F La G CH Total * Remari 

Sweet Potato 50 200 300 150 150 200 200 100 1,350 
Cassava 150 200 100 200 100 200 100 1,050 
Plantain/ Banana 60 50 50 50 100 

100 
310 Corn 

100 310 

Vegetable 200 100 150 50 50 50 100 100 100 900 
Small Ruminant 100 60 100 100 50 50 50 150 660 * 
Coconut 50 50 100 50 50 50 50 50 450 
Pommecyth ere 100 100 100 100 70 50 100 50 100 770 
Fruit 200 150 150 140 640 Dry Legume 60 50 100 150 50 410 
Aquaculture 100 100 200 
Other Root Crops 150 100 100 350 
Allocated (Acres) 310 100 260 700 610 650 950 370 600 650 900 300 600 7,090 
Allocated Acreage 316 100 260 700 620 651 920 370 600 660 940 340 600 7,390 ** 

C Caroni W 
OG Orange Grove EX 
JJ Jerningham Junction M 
ED Edinburgh R/W 
F Felicity PM -

Waterloo 
Exchange 
Montserrat 
Reform/ Williamsville 

Petite Morne 

La F La Fortune 
La G - La Gloria 
CH - Cedar Hill 

* Hectares 
** Excludes Infrastructure Allocations 

112 



Table 5: Crop Production Schedule 2-acre Farms TTABA Model 
Business Units Hectares Total Plant ing Schedule (Ha) 

(%) Yr 1 Yr 2 Y r 3 Y r 4 Y r 5 

Fruits 
Golden Apple 405 7 50 139 228 317 406 
Papaya 81 1 10 20 40 60 81 
Citrus 405 7 100 200 300 405 
Coconut 810 14 200 400 600 810 
Noni/ Soursop/ Wl Cherry 405 7 50 100 200 405 
Melons (Watermelon/ Cantalope 121 2 20 40 60 80 121 
H.D.) 
Oils and Fats 
Ackeel Avocado 607 11 100 200 400 607 

Herbs and Spices 
Lemon Grass 121 2 20 40 60 80 121 
Shadow Beni 81 1 10 20 40 60 81 

Staples: Root Crops and others 
Eddoes 202 4 25 50 100 150 200 
Sweet Potato 607 11 100 200 400 600 729 
Plantain 243 4 50 100 150 200 243 
Topi Tambu 202 4 50 75 100 150 202 
Corn 202 4 50 100 150 202 202 
Vegetables 

Legumes 
Red Bean and Black-Eye Bean 20 0.36 20 

Food f rom Animal Sources 
Dairy 202 3,057 25 50 100 202 
Rabbits 61 1.07 10 20 30 40 61 
Tilapia (Tank Production) 20 0.36 5 10 15 20 
Goat Milk (Semi Intensive) 20 0.36 5 10 15 20 

Agro-Tour ism Ent. Soil Sust 
Fallow ha (pasture & fallow) 810 14 
Agro-Tourism Entertainment 40 1 

TOTAL 5,668 100 415 1,289 1,238 3,569 4,916 
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Table 6: Projected Production Output 2-acre Farms TTABA Model 
Crop/ 
L ivestock 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Lemon Grass 270,833 729,167 1,458,333 1,822,917 1,822,917 1,822,917 
(kgs) 

Eddoes (kgs) 234,375 781,250 1,250,000 2,250,000 2,250,000 2,250,000 
Red Beans 18,545 24,727 24,727 24,727 24,727 24,727 
(kgs) 

Noni (kgs) 0 0 0 600,000 900,000 1,350,000 
Exotic Citrus 0 0 0 0 300,000 600,000 
(kgs) 

Shadow Beni 25,000 60,000 120,000 240,000 240,000 240,000 
(kgs) 

Ackee (kgs) 0 0 0 200,000 1,000,000 3,000,000 
Dairy (Litres) 709,560 709,560 709,560 709,560 709,560 709,560 
Golden Apple 814,000 3,874,540 6,199,264 8,059,043 12,088,565 16,923,991 
(kgs) 

Papaya (kgs) 546,000 2,244,667 2,244,667 4,040,400 7,272,720 7,272,720 
Coconut 0 0 0 0 0 2,850,000 
(Water-nuts) 
Corn (cobs) 5,454,450 13,475,700 26,951,400 40,427,100 40,427,100 40,427,100 
Sweet potato 741,000 2,871,375 5,742,750 11,485,500 22,971,000 22,971,000 
(kgs) 

Goat Milk 0 833,571 1,440,000 1,440,000 1,440,000 1,440,000 
(Litres) 

Plantain (kgs) 537,600 2,903,040 2,903,040 2,903,040 2,903,040 2,903,040 
Rabbit Meat 75,938 101,250 101,250 101,250 101,250 101,250 
M s l 

CONCLUSION AND RECOMMENDATIONS 

Land utilization by 2-acre farm recipients of Caroni (1975) Limited programme has been 
determined as less than 5%, after five years principally because of inadequate infrastructure 
and lack of technical and managerial competence to cultivate heavy clay soils of low fertility and 
other intractable physical constraints. The prospect of accelerated occupation and cultivation is 
limited because of a combination of recipient frustration, lack of capital and an absence of 
agricultural interest. 

TTABA has a mandate to provide services to facilitate the organized and coordinated 
planning and development of the agri-business sector. The TTABA model of consolidated agri-
business development for strategic commodities (root crops, vegetables and fruit crops) 
advances a possible sustainable use of strategic Caroni (1975) land resource. 

TTABA has an inherent capacity to provide technical and agri-managerial skills in land 
development and engineering, agronomy, marketing, processing and training. Production 
efficiency would be enhanced through crop zoning and scheduling, rationalization of machinery 
and equipment use, production and marketing scheduling and sustainable development of the 
soil and water resources. 
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Strategie enterprises including tree crops, root crops, aquaculture, small ruminants and 
legumes are proposed and are consistent with soil and land capability studies and TTABA 
development priorities. 

A c r o n y m s 
ADB 
EMA 
EMBD 
GOTT 
MALMR 
NADP 

Agricultural Development Bank 
Environmental Management Authority 
Estate Management and Business Development Company 
Government of Trinidad and Tobago 
Ministry of Agriculture, Land and Marine Resources 
National Agri-business Development Programme 
National Agricultural Marketing and Development Company 
Trinidad and Tobago Agri-business Associat ion 

NAMDEVCO 
TTABA 
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INDIGENOUS BIO-ENERGY CROPS IN THE C A R I B B E A N 

Puran Bridgemohan, Centre of Biosciences, Agriculture, and Food Technology, The University 
of Trinidad and Tobago, O'mera Campus, Omera, Trinidad and Tobago. Email: 
puran. br idgemohan@utt. edu. tt 

A B S T R A C T : The fluctuating and high prices of fossil fuels have challenged sugar-producing 
countries to pursue co-generation and ethanol production as alternative sources of energy. 
However, there are several Small Island Developing States [SIDS] that have already exited the 
industry and who face similar economic challenges. Indigenous bio-energy crops have been 
demonstrated in the tropics as sustainable and alternative sources of energy. This paper 
presents an agro-energy evaluation of three bio-energy crops in the Caribbean, viz. drumstick 
vegetable (Moringa oliefera), physics nut (Jatropha curcas), and castor oil (Rinc inus communis). 
These crops were established using zero or marginal management practices and inputs. 
Agronomic, morphological, and phenological assessments were conducted and proximate 
analysis was performed to determine the crude fat and oil yield potential as a bio-diesel. The 
results indicated that the seed yield potential for Moringa, Jatropha, and Rincinus were 13.1, 
0.94 and 3.15 t/ha, respectively. The oil yield based on crude fat (%CF) showed that Moringa 
(38.8%CF) produced significantly the highest oil yield (5.01 t/ha), compared to Rincinus 
(40%CF) and Jatropha (49%CF). These crops produced 2.52, and 0.68 t/ha, respectively. The 
agro-economic potential of this option is discussed. 

Keywords: Bio-energy, Moringa oliefera, Jatropha curcas, Rincinus communis, Bio-diesel, 
Co-generation 
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YIELD IMPROVEMENT STUDIES IN LEREN [ C A L A T H E A ALLOUIA (AUBL.) LINDL] - AN 
UNDER-EXPLOITED NICHE CROP IN THE CARIBBEAN 

Puran Bridgemohan, Centre of Biosciences, Agriculture, and Food Technology, The University 
of Trinidad and Tobago, O'mera Campus, Omera, Trinidad and Tobago. Email: 
puran. bridgemohan@utt.edu.tt 

ABSTRACT: Leren or topi tambo is widely distributed in most Caribbean territories, but not 
cultivated commercially except in Trinidad and Puerto Rico. This seasonal snack food contains 
6.6% protein and 13 to 15% starch, and has potential to be canned or consumed as a fresh hors 
d'oeuvres. Farmers cultivate the crop with minimal input at the subsistence level, although the 
crop produces good yield and retails at a high price. Field and shade-house studies were 
conducted at the Centre of Bio-science, Agriculture and Food Technology Research Station, 
University of Trinidad and Tobago on the effect of crop nutrition [0.4, 0.5, and 0.6 t/ha of 
13:13:20 (NPK)], crop density [27.5, and 20.8 tph"1], shade/full sunlight, and intercropping/pure 
stand, on the crop growth, development and yield. The results indicated that in the shade-
house/pot trials, the crop produced the highest yield (9,800 kg/ha) under shade at the fertilizer 
rate of 0.5 t/ha, with tuber weight between 11 to 15 g/tuber. In the field studies, a similar trend 
was observed under the intercropping system at the lower crop density for the 0.5 t/ha fertilizer 
treatment. Even though the yield was lower (5,500 kg/ha) than that in the shade house trials, it 
had the benefit of an additional income to be derived from an equivalent 0.75 ha of pigeon peas. 

Key words: Leren, Crop nutrition, Intercropping, Crop density 
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HORTICULTURAL PERFORMANCE OF NEW BLIGHT-TOLERANT VARIETIES OF TARO 

Carlos E. Ortiz1 and John J. Cho2, depar tment of Crops and Agroenvironmental Sciences, 
University of Puerto Rico, Mayagüez Campus, carlosortiz35@upr.edu; depar tment of Plant 
Pathology, University of Hawaii. 

ABSTRACT: In Puerto Rico taro is considered a minor crop with most of its production under 
natural wetland conditions. Late in 2004 there were reports of a disease which destroys most of 
the plants' foliage, resulting in decreased plant size and yield reduction. This disease was 
confirmed as the taro leaf blight, which devastated the wetland taro production throughout 
southeastern Puerto Rico. Disease-tolerant varieties appeared as an alternative for the 
maintenance of the production of taro. The objective was to determine whether blight-tolerant 
varieties from Hawaii are adapted for production and marketing in Puerto Rico, considering the 
pressure of this disease. Hawaiian varieties designated as 19F, 2000-101 and MP2 
demonstrated potential for direct selection as commercial varieties. Improved performance of 
Hawaiian varieties was associated with their better stand. Eating qualities for the Hawaiian 
varieties appeared different from those accepted in the Caribbean Basin. 

Keywords: Colocasia esculenta, Taro, Taro leaf blight, Caribbean 

INTRODUCTION 

In Puerto Rico taro (Colocasia esculenta) is considered a minor crop, with most of its 
production under natural wetland conditions. Late in 2004 there were field reports of a fungal 
disease which destroys a considerable part of the plants' foliage, resulting in decreased plant 
size and significant yield reduction. This disease devastated the wetland taro production 
throughout southeastern Puerto Rico. Symptoms of the disease were eventually reported in 
upland taro. The disease was confirmed as the taro leaf blight, which is caused by the fungus 
Phytophthora colocasiae (Rosa-Mârquez et al., 2006). The situation has had a negative impact 
on farmers who include taro as one of the crops they grow on diversified small farms. 

In the Caribbean Basin, taro leaf blight was initially observed in the Dominican Republic 
during the summer of 2004 (Méndez et al., 2005). This blight is potentially invasive to Caribbean 
countries where taro is produced under commercial settings such as in Trinidad and Tobago, 
Dominica, and Jamaica. Under the current scenario, the use of disease-tolerant varieties 
appeared to be a reasonable alternative for the maintenance of the production of taro in Puerto 
Rico and throughout the Caribbean Basin. 

The University of Hawaii has a long history working with taro, and has released blight-
tolerant varieties. New hybrid varieties identified as having tolerance to the blight in Hawaii 
were imported into Puerto Rico in an effort to lessen the consequences of this disease. The 
objective was to determine whether blight-tolerant varieties from Hawaii can be adapted for 
production and marketing in Puerto Rico considering the pressure of the taro leaf blight. In this 
proceeding we present relevant horticultural characteristics for the best-performing varieties. 

MATERIALS AND METHODS 

After obtaining the appropriate permits, we imported into Puerto Rico taro varieties 
identified as having tolerance to the leaf blight under the conditions of Hawaii. For the 
experiment, treatments were the Hawaiian varieties and the two traditional varieties used in 
Puerto Rico, Lila and Bianca, which were included as checks. Treatments were arranged in a 
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randomized complete block design with four replicates. Plots consisted of a 9.14-m-long χ 0.61-
m-wide bed. This bed was planted with 24 setts in a zigzag pattern. Drip irrigation was used. 
Fertilizer of formulation 12-5-10 was applied at two and four months after planting. Weeds were 
controlled by a combination of herbicides and hoe weeding. During the crop cycle no 
measurements were taken to control the blight. 

Two plants per plot were sampled for leaf area and plant dry matter, at 119 days after 
planting and at harvest. Combined plant dry weight did not include the roots. Taro varieties 
adapted to the Caribbean are harvested 225 to 250 days after planting. Hawaiian varieties, 
however, have a longer crop cycle; therefore, the experiment was harvested at 289 days after 
planting. Corm fresh weight was recorded at harvest. A week after harvest we made an 
informal assessment of corm eating qualities, which included color of the flesh after boiling, 
taste, and acridity. 

RESULTS 

General reaction to the disease: Mild infection of the taro leaf blight was present 
throughout the crop cycle. Under the conditions of this study, imported varieties demonstrated 
tolerance, but not immunity, to the leaf blight. The traditional variety Bianca was less 
susceptible to the disease than the majority of the Hawaiian varieties. 

Growth early in the season: At 119 days after planting, leaf area for varieties 19F and 
2000-101 was significantly greater than that of the traditional variety Bianca (Table 1). Leaf area 
for variety 2000-101 was significantly greater than that of the variety Lila (Table 1). The latter 
results are noteworthy because there is evidence that both Bianca and Lila express their 
maximum leaf area close to 120 days after planting (Goenaga, 1995). Hawaiian variety 2000-
101 had greater plant dry weight than variety Lila (Table 1). These results show that some of 
the Hawaiian varieties were more efficient than the Puerto Rican varieties in accumulating leaf 
size and dry weight per unit of time. 

Table 1. Leaf area and plant dry weight for taro varieties at 119 days after planting. 

Variety Origin Leaf area Dry weight 

(sq.cm/plant) (g/plant) 

19F Hawaii 6,361 ab 88 ab 

2000-101 Hawaii 7,278 a 104 a 

MP2 Hawaii 4,961 cb 77 ab 

Lila Puerto Rico 4,607 cb 61 b 

Bianca Puerto Rico 4,046 c 76 ab 

LSD (0.05) 2164 32 
1 Means within columns separated by LSD (P < 0.05) 

Growth late in the season: Varieties 19F, 2000-101, and MP2 had greater plant dry 
weight at harvest than Lila (Table 2). Variety 19F had the heavier corm weight (Table 2). It was 
clear that varieties from Hawaii had significantly superior stands. Stand is the number of plants 
completing the crop cycle and thus harvested. Blanca's stand of 51% and Lila's 71% were 
clearly surpassed by more than 90% stands shown by the Hawaiian varieties (Table 2). 
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Table 2. Plant dry weight, corm fresh weight and theoretical yield for taro varieties 
harvested at 289 days after planting. 

Variety Dry weight Corm fresh weight Stand Theoretical yield 

(g /plant) (g/corm) (%) (kg/ha) 

19F 350 ab 539 a 93 a 12,279 

2000-101 265 be 264 c 90 a 5,803 

MP2 423 a 358 be 95 a 8,430 

Lila 165 c 303 be 70 b 4,826 

Bianca 280 be 395 b 51 b 4,765 

LSD (0.05) 123 127 23 -

1 Means within columns separated by LSD (P < 0.05) 

Assessment of corm eating qualities·. Average corm fresh weight obtained in this study 
(Table 2) tends to be lower than those preferred by consumers of Lila in Puerto Rico. Corms of 
900 g to 1,000 g are preferred. Some of the Hawaiian varieties were considered acrid by 
prospective consumers (Table 3). Acridity in taro is attributed to proteins associated with the 
calcium oxalate crystals found in the tissues (Pauli et al., 1999). Contact of raw taro tissues 
with the skin usually results in itchiness. In commercial varieties, acridity tends to disappear 
when the corm is cooked by boiling. Flesh color after boiling varied among varieties, but 
appears acceptable for prospective consumers (Table 3). 

Table 3. Opinion of prospective consumers about corm qualities for various Hawaiian and 
Puerto Rican varieties of taro 1. 

Variety Origin Flesh color after boiling Acrid? 

19F Hawaii Grey to violet Yes 

2000-101 Hawaii Pink No 

MP2 Hawaii Light-pink Somewhat 

Lila Puerto Rico Grey No 

Bianca Puerto Rico Bone white No 
1 This was not a scientific evaluation. 

120 



CONCLUSIONS 

Blight tolerant varieties of taro are available at the University of Hawaii. Access to such 
varieties is important because they contain genes of tolerance to the blight, genes that can be 
incorporated into varieties adapted to the Caribbean system of production and market demands. 

Hawaiian varieties 19F, 2000-101 and MP2 demonstrated potential for direct selection 
as interim commercial varieties. Improved performance of 19F, 2000-101 and MP2 was 
associated primarily with their better stands. 

Taro varieties are commercial ly efficient when corms are adequate for the market. Corm 
quality characteristics are important because in the Caribbean taro is primarily grown for table 
use. Eating qualities for the Hawaiian varieties included in this study appear different from 
those accepted in the Caribbean. Among the most promising materials, Hawaiian variety 2000-
101 appears non-acrid with a pink-colored flesh. It is noteworthy that taro varietal selection for 
the Caribbean Basin must consider prospective consumers. 
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PAPAYA TOLERANCE TO HURRICANE FORCE WINDS 

Thomas W. Zimmerman, University of the Virgin Islands Agricultural Experiment Station. Email: 
tzimmer@uvi.edu 

ABSTRACT: During the mid and late 1990s the US Virgin Islands experienced frequent 
hurricanes which destroyed most of the papaya crops. From this experience, papaya breeding 
focused on developing short and compact lines with fruit set within one meter of the soil to 
reduce the center of gravity. A papaya plot was established in a double-row system, 2 m 
between plants in a row, 1 m between rows and 3 m between sets of double rows. Papaya 
trees seven months after transplanting, laden with fruit and in the first month of harvest, were 
subjected to hurricane Omar force winds in October 2008. Papaya varieties over two meters in 
height 'Tainung 1', 'Tainung 5', 'Known-You V and 'Kapoho'; had 10 to 20% broken stem, and 
70 to 80% were blown down. Three compact papaya lines, 1-1.5 m tall, had no broken stems 
and only up to 15% of the plants were blown over. These results indicate that short productive 
trees, with a lower center of gravity, were able to tolerate hurricane force. 

Keywords: cyclone, typhoon, dwarf papaya, compact papaya, Carica papaya 

INTRODUCTION 

During the mid to late 1990s, hurricanes were a yearly occurrence in the U.S. Virgin 
Islands. Many of the papaya cultivars grown then took ten months from sowing seed to obtain 
mature fruit (Kowalski and Zimmerman, 2001). This caused much loss of plants and particularly 
loss of crosses for seed to develop the next generation. However, it was noticed that seeds 
were obtainable from early-bearing cultivars such as '356-3', 'Puerto Rico Dwarf and 'Cariflora'. 
The goal of the papaya breeding program was to develop wind tolerant early-bearing, compact 
or dwarf lines that set 1-kg or larger fruit with reddish flesh within one meter of the ground. The 
theory was that moving the fruit set closer to the ground would lower the center of gravity of the 
plant in order to tolerate hurricane force winds. 

MATERIALS AND METHODS 

Papaya use in the breeding program was based on characteristics desired in the new 
line. These characteristics include early bearing (within one meter of the soil), large fruit (>1 
kg), % brix (> 10), Papaya Ring Spot Virus (PRSV) tolerance and reddish flesh (Kowalski and 
Zimmerman, 2006; Zimmerman and Kowalski, 2004). Crosses were always made with a 
hermaphrodite as a female, and selection pressure was used for hermaphrodite/female lines. 

Field plots were established on March 8, 2009 from seeds sown January 12, 2008. 
Plots were set up in a double-row staggered plant configuration with 2 m between plants within 
a row, 1 m between rows and 3 m between sets of double-rows. Data was collected monthly on 
plant height. After six and a half months in the field, fruit set and stem diameter at 1 m were 
collected. The evening of October 15, seven months after transplanting papayas to the field, St. 
Croix experienced sustained winds of 160 km/h from hurricane Omar. Data were analyzed 
using ANOVA and mean separation used LSD. Data collected as percentages were arc sin 
transformed before data analysis. 
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RESULTS AND DISCUSSION 

The papaya plot was actively growing and setting fruit although becoming infected with 
PRSV. The stem diameter and fruit set were not significantly different after 6.5 months of 
growth in the field; however, plant height clearly distinguished differences between the standard 
and compact papayas (Table 1). Fruit harvest had begun six months after transplanting to the 
field. 

Hurricane Omar, as a category three typhoon, was devastating to the island of St. Croix 
and much of the papaya research plot. The taller papaya cultivars sustained the most damage 
with either broken stems or plants blown over (Figure 1). However, distinct differences were 
seen between the compact lines and the cultivars, with most of the compact lines still standing 
and no broken stems (Figure 2, Table 2). Except for the damage to the leaves, UVI lines 9 and 
43 were still standing strong (Figure 3) after Omar. The standard height papaya trees were 
more susceptible to breaking in Omar force winds. Plants were considered blown down when 
their angle to the ground was less than 45 degrees. Most of the damage, sustained to the 
standard-sized papaya trees, was from being blown down (Figures 1, 2; Table 2). Both UVI-9 
and UVI-43 are compact lines that start setting fruit one-half meter from the ground. This 
concentrated lower fruit set gives the plant a lower center of gravity, which gives it the ability to 
withstand hurricane force winds. 

The new lines of papaya with the compact low-to-the-ground fruit set, developed at the 
University of the Virgin Islands, are more wind-tolerant than the standard papaya cultivars. This 
tolerance may be due to a lower center of gravity for the fruit set on the plants, all of which 
allows them to withstand 160 km/h-force winds. The Caribbean and Asian Pacific areas are 
frequented by cyclones. These areas could benefit from these dwarf papaya lines. 
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Table 1. Papaya plant characteristics collected two weeks prior to hurricane Omar. 

Height* Stem Diameter Number 
Cultivar/Lin (cm) (cm) Fruit Set 

Tainung 1 234.8 b 8.3 30.3 

Tainung 5 232.2 b 7.4 31.1 

Known You 1 228.7 b 6.9 26.4 

Kapoho 270.3 a 8.9 26.2 

Maradol 128.7 d 6.6 30.0 

UVI-43 153.5 cd 7.2 28.7 

UVI-9 176.2 c 6.8 34.0 

*Mean separation within columns conducted using LSD P=0.05 

Table 2. Percentage damage occurring in papayas upon experiencing 160 km/h-force winds 
after seven months in the field. 

Cultivar/Line Standing Broken Down 

Tainung 1 10.3 b 14.6 a 75.1 a 

Tainung 5 8.4 b 17.4 a 74.2 a 

Known You 1 9.1 b 20.9 a 70.0 a 

Kapoho 9.8 b 9.6 a 80.6 a 

Maradol 91.8 a 0 b 8.2 b 

UVI-43 86.2 a 0 b 14.8 b 

UVI-9 94.6 a 0 b 5.4 b 

*Mean separation within columns conducted using LSD P=0.05 
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Figure 1. Wind damage to Tainung 5' after hurricane Omar. 

Figure 2. Post-hurricane Omar view of Tainung V (left) and line UVI-43 (right). 
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Figure 3. Post Omar view of lines UVI-43 (foreground) and UVI-9 (background). 
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UNCERTAIN ADOPTION OF NEW TECHNOLOGY DESPITE CERTAIN BENEFITS, THE 
CASE OF CITRUS MECHANICAL HARVESTING 

Fritz M. Roka, University of Florida, Southwest REC. Email: fmroka@ufl.edu 

ABSTRACT: Mechanical harvesting technology is available for immediate use by Florida 
growers of juice oranges, and offers growers the opportunity to reduce harvest costs by as 
much as 50 cents per 90-lb box. On-tree returns would increase by as much as US$250 per 
acre. The perennial concern over the dependence on a season and migrant work force to 
manually harvest citrus would diminish as machine harvest improves labor productivity by 10-
fold. Despite these benefits, the Florida citrus industry has been slow to embrace mechanical 
harvesting technology. This paper explores a number of important impediments affecting the 
adoption of this new technology including growers' concern about adverse effects on tree 
health, added grower costs from tree preparation, and processor costs from handling more 
harvesting debris, the "late-season" problem, and daily allocation of sufficient trailers to fully 
exploit the economies of scale inherent in machinery technology. Costs associated with these 
impediments are analyzed within a net present value framework and compared against the 
benefits of lower harvesting costs. The paper draws two conclusions. First, existing market 
structure plays an important role in determining the extent to which new technology will be 
adopted through private sector investment. Second, the investment of public funds (i.e., 
government investment) may be the only means to translate potential benefits of a new 
technology into actual economic gains. At the very least, public investments could accelerate 
the rate of new technology adoption. Given the time value of money, the value of earlier 
adoption could more than pay for the return on public investment. The conclusions of this paper 
should provide insights into other examples of industries or economies facing choices over 
adoption of new technologies. 

Keywords: Abscission, Public investment, Market structure 
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EFFECT OF CULTIVAR AND MATURITY ON YIELD AND NUTRIENT COMPOSITION OF 
BREADFRUIT (ARTOCARPUS ALTILIS) FLOUR 

J. Broomes, N. Badrie, and L. Roberts-Nkrumah, Department of Food Production, Faculty of 
Science and Agriculture, University of the West Indies, St. Augustine, Trinidad and Tobago 
Corresponding Author: Email: neela.badrie@sta.uwi.edu 

ABSTRACT: Breadfruit, a versatile tree crop predominately used for its nutritious and starchy 
fruit, is commonly consumed among West Indian people. Because of its seasonality and short-
shelf life, there is a need for an economical method of extending its availability. One such 
process is through the production of breadfruit flour. However, detailed information is needed on 
the nutrient profile of the flour. More research is needed in order to determine whether there are 
cultivar differences; previous research has been limited to one un-named cultivar at one stage 
of maturity. The objective of this study was to determine the influence of cultivar and maturity on 
the yield and nutrient composition of breadfruit flour. Four breadfruit cultivars, Jackson Macca 
(JM), Kashee Bread (KB), Local White (LW) and Local Yellow (LY), growing in the germplasm 
collection of the University Field Station, Valsayn, Trinidad, were evaluated for flour yield and 
nutrient composition. The fruits were harvested at the immature and mature stages. The flesh 
was sliced 5 mm thick, dried at 60° C for 24 hours, milled and sieved (0.60 mm). Proximate 
analyses were done in triplicate and according to the AOAC methods (1990). There were no 
significant differences in the fresh weights of the four selected cultivars. However, there were 
significant differences (p<0.05) in yield, dry matter, ash, crude protein, ether extract, dietary 
fibre, carbohydrates, calcium, magnesium, and iron content of the breadfruit flours. Cultivar JM 
showed the highest yield (46.5±1.4%) in addition to the highest levels of crude protein (5.5±0.4 
g/100 g), ether extract (1.6±0.1 g/100 g) and carbohydrates (71.7±0.3 g/100 g). There were 
significant differences between dry matter (91.8±0.3 g/100 g immature; 90.9±0.2 g/100 g 
mature) and carbohydrates (67.9±0.8 g/100 g immature; 69.9±0.4 g/100 g mature). This finding 
illustrates that as the fruit matures, there is an increase in moisture and in carbohydrate content. 
This increase may be partly due to metabolic water and the bulking up of starches and sugars 
within the fruit as it matures. The knowledge of the nutrient composition of breadfruit flour is 
necessary for the production of acceptable food products which satisfy the nutritional needs of 
consumers, leading to increased use of breadfruit and thereby contributing to sustainable 
agriculture and food security. 

Keywords: Breadfruit, Flour, Nutrient composition 

INTRODUCTION 

In the Caribbean and Latin America, there is escalating chronic disease due to an 
increasing reliance on nutrient-poor, imported, processed foods (Bermudez and Tucker, 2003). 
However, the region is home to a variety of local food crops, many of which have not yet been 
assessed for nutritional content (Dignan et al., 2004) but which could contribute to improved 
lifestyles and food security. 

In 2006, breadfruit was one local crop that was recognized by the UN/FAO as a priority 
commodity for food security and was listed as a species to be covered by the International 
Treaty on Plant Genetic Resources, a treatise which aims at the conservation and sustainable 
use of genetic resources for food security and agriculture. It has been further described as an 
important staple food of a high economic value (Soetjipto and Lubis, 1981). 
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The breadfruit, Artocarpus altilis (Parkinson) Fosberg, originated in the Western Pacific, 
with New Guinea and associated islands such as the Bismarck Archipelago being the centre of 
diversity for wi ld-seeded forms of Artocarpus altilis (Parkinson) Fosberg. Other vernacular 
names of the breadfruit (English) include arbre â pain (French), ârbol del pan (Spanish), uto/ 
kulu (Fiji), ulu (Hawaii, Samoa) and uru (Tahiti). Few-seeded and seedless forms occur 
throughout the Pacific Islands, with the greatest diversity found in the eastern pacific in 
Polynesia (Ragone, 1997). The first major introduction of breadfruit to the Caribbean was made 
by Captain Wil l iam Bligh who landed six hundred plants representing five cultivars as a 
carbohydrate staple into St. Vincent and Jamaica via the H.M.S Providence in 1793. Most plants 
were of the seedless variety and had been obtained from Tahiti (Powell, 1976). It was from St. 
Vincent and Jamaica that breadfruit subsequently spread throughout the remainder of the 
Caribbean. 

Within the Caribbean region, breadfruit is widely grown as a versatile tree crop and is 
predominately used for its nutritious, starchy fruit (Ragone, 1997). Compared with other starch 
crops, breadfruit provides comparable levels of carbohydrates and is a better source of protein 
than cassava (Manihot esculenta) and equivalent to banana (Musa spp.) and sweet potato 
(Ipomea batatas) (Graham and Negron de Bravo, 1981). Since its introduction in the eighteenth 
century, it has gradually become an accepted food and important component of the daily diet 
(Powell, 1977). At present, breadfruit has a relatively high consumption rate among West Indian 
people, especially within rural areas (Roberts-Nkrumah, 1993). However, breadfruit usage is 
subject to several constraints, including: 

1. Tree height 
2. Seasonality of fruit (Ferguson, 1981) 
3. Short shelf-life 
4. Very limited germplasm (Roberts-Nkrumah, 1998) 

Availability is therefore an issue and so there is a pressing need for an economical 
method of preservation. Within the Caribbean, breadfruit flour has been produced as one 
method of preservation but only on a single unidentified cultivar. It is recognized that the use of 
breadfruit flour as an alternative flour is by a general lack of information on the characteristics of 
the flour. To explore the end-use of breadfruit flour, there is a need for information on the effect 
of cultivar and maturity on yield of flour and nutrient composit ion. Therefore, the objectives of 
this study were to determine the influence of cultivar and maturity on the yield and nutrient 
composit ion of breadfruit flour. 

MATERIALS A N D METHODS 

Harvesting and selection of breadfruit: Fruits were harvested from UWI Field Station's breadfruit 
germplasm collection. Fruits were harvested in the early morning, al lowed to cool off from 
remove field heat, and then transported directly to the laboratory for processing. Four cultivars 
were selected on the basis of availability: Jackson Macca (JM), Kashee Bread (KB), Local White 
(LW) and Local Yel low (LY). Two stages of maturity were utilized: immature and mature 
(Ragone and Wiseman, 2006). Immature fruit tends to be greener in colour with little or no latex 
stains on the skin; has no separation of sections; has a very thin layer of pale green directly 
under the skin and tends to produce abundant latex when cut. Flesh does not discolour easily. 
The mature fruit shows scabbing on skin, slight separation of the sections with splotches or 
streaks of dried latex. Skin may show some yellowing and does not give when pressed; the 
flesh is firm and tightly affixed to the stem and core. The pulp shows little or no discolouring 
when cut; very little sap exudes from detached stem (Ragone and Wiseman, 2007; Graham and 
Negron de Bravo, 1981). 
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Production of breadfruit flour: For the production of flour, the breadfruit was sliced 5 mm thick 
and dried in a 60° C oven for 24 hours. The dried breadfruit was then milled and sifted through a 
0.60 mm sieve and stored (CODEX STAN 176-1995 for Cassava Flour). 

Determination of yield: Yield was determined for edible portion, skin, core, peduncle and flour 
and was calculated as follows: 

Yield = (weight of specified portion)/ weight of whole fruit) * 100 

Flour yield (%) from edible portion and from whole fruit was also determined. 

Physicochemical Composition: Proximate analyses were done in triplicate and according to the 
AOAC (1990) methods to determine dry matter, ash, protein (N*6.25), lipids, dietary fibre, 
carbohydrates (by difference) and selected minerals. 

Statistical Analyses: Minitab 15 Statistical Software was used to analyze yields and 
physicochemical characteristics from the cultivars at two different maturities. ANOVA was used 
to determine differences. 

RESULTS 

Table 1 shows that the whole fruit yielded a high of 34.0% flour from JM and a low of 
19.5% flour from KB. From the edible portion, the highest yield was obtained from JM (46.5%) 
whereas a low of 28.8% was obtained from the edible portion of the LY cultivar. Thus 1.0 kg fruit 
(edible portion only) is expected to yield a high of 465 g flour and a low of 288 g. This illustrates 
that there is a considerable amount of wastage from the whole breadfruit. However, most of the 
wastage is incurred from the inedible portions of the breadfruit. Mayaki et al. (2003) reported a 
43.9% flour yield from the pulp of an unripe breadfruit (no cultivar stated). 

Table 1 : Effect of cultivar on yield of breadfruit flour 
Cultivar 

Parameter JM KB LW LY Ρ 

Fresh fruit (g) 1558.8±60.7 1354.5±90.6 1451.3±48.8 1502.4±116.1 N.S 

Edible portion (%) 72.9±2.2 66.9±6.0 74.8±3.0 73.3±2.4 N.S 

Skin (%) 17.8±1.3 22.0±2.9 17.5±1.4 16.8±1.8 Ν.S 

Core (%) 7.5±0.5 6.8±0.4 6.4±0.8 6.9±0.4 Ν.S 

Flour-edible portion (%) 46.5±1.4a 30.0±2.5b 32.2±2.9b 28.0±1.6b 0.000 

Flour-whole fruit (%) 34.0±1.7a 19.5±1.7b 23.7±1.7b 20.4±1.7b 0.000 

- Values with the same letter are not significantly different (P<0.05) 
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Table 2: Effect of cultivar on nutritional and mineral composition of breadfruit flour 
Cultivar 

Parameter (g/100 g) JM KB LW LY Ρ 

Dry matter 90.7±0.3a 92.3±0.4b 91.8±0.2ab 90.6±0.4a 0.004 

Ash 4.5±0.2ac 3.3±0.1b 4.1 ±0.1c 4.8±0.1a 0.000 

Crude protein 5.5±0.4a 4.1 ±0.1b 4.3±0.1b 4.9±0.1ab 0.001 

Ether extract 1.6±0.1a 0.7±0.1b 1.5±0.1a 1.4±0.04a 0.000 

Dietary fibre 4.7±0.5a 11.0±2.0b 8.4±0.5ab 8.4±0.8ab 0.016 

Carbohydrates 71.7±0.3a 67.3±1.0b 69.3±0.6ab 67.5±0.4b 0.000 

Calcium 0.5±0.04a 0.3±0.01b 0.4±0.03ab 0.5±0.02a 0.001 

Magnesium 2.0±0.05a 1.4±0.04b 1.2±0.14b 2.0±0.1a 0.000 

Sodium 2.4±0.4 2.2±0.5 2.1±0.3 2.9±0.3 N.S 

Iron 0.2±0.01a 0.2±0.01a 0.3±0.02b 0.2±0.01ab 0.014 

Potassium 22.8±4.1 15.3±2.6 22.0±2.1 22.3±2.4 N.S 

- Values with the same letter are not significantly different (P<0.05) 

The nutrient analysis showed significant cultivar differences for dry matter, ash, crude 
protein, lipids, dietary fibre and carbohydrates (P<0.05). Cultivar JM showed the highest 
percentage of crude protein, lipids and carbohydrates (5.5±0.4, 1.6±0.1 and 71.7±0.3 g/100 g). 
The crude protein of the JM flour exceeded that reported for breadfruit flour by Mayaki et al. 
(2003) who gave a value of 4.3 g of protein per 100 g of flour. The protein and lipid values of the 
JM flour are less than those reported by Rincon and Padilla (2004), who reported 15.1 and 29.0 
g/100 g, respectively. Research indicates that protein content influences flour yield (Metho et al., 
1999). That is, the higher the protein content of the commodity, the lower the yield of flour. 
While the protein content of breadfruit flour appears to be low, it carries substantial value. 
Golden and Williams (2001) reported 30% of breadfruit amino acids as being essential amino 
acids such as leucine and lysine. These amino acids are not synthesized by the human body 
and so must be supplied in the diet, usually through plant material such as grains and legumes 
(Young and Pellet, 1994). Graham and Negron de Bravo (1981) reported breadfruit protein as 
being as good as sweet potato and better than cassava protein. Table 2 also shows that cultivar 
KB has the highest dietary fibre at 11.0 g per 100 g. Dietary fibre is essential in the fight against 
heart disease, colon cancer, diabetes and obesity. The Caribbean Food and Nutrition Institute 
(2006) reported 3.5 g dietary fibre per 100 g of boiled and roasted breadfruit. It is difficult to 
make further comparisons as most research investigated crude fibre instead of dietary fibre. 
There were significant cultivar differences in calcium, magnesium and iron (highest values being 
0.5, 2.0, 0.3 g/100 g, respectively). It has been suggested that breadfruit is a good source of 
minerals for products such as baby foods (Nelson-Quartey et al., 2006). Mineral content of a 
commodity is largely influenced by genetics and environment (White and Broadly, 2005). 
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Table 3: Effect of maturity on breadfruit flour yield 
Maturity 

Parameter Immature Mature Ρ 

Fresh fruit (g) 1402.0±55.0 1531.5±60.4 N.S 

Edible portion (%) 69.5±3.4 74.5±1.4 N.S 

Skin (%) 20.5±1.6 16.6±1.0 0.047 

Core (%) 6.7±0.5 7.0±0.3 Ν.S 

Flour from Edible Portion (%) 35.2±1.9 33.1±2.8 Ν.S 

Flour from Whole Fruit (%) 24.1 ±1.5 24.7±2.1 Ν.S 

Maturity has no effect upon edible portion percentage or the flour yield percentage as 
seen in Table 3. An increase in the edible portion may have gone undetected because of the 
immature and mature breadfruits being too close in age when harvested (13 to 16 and 14 to 18 
weeks, respectively). 

The water and starch accumulation within the fruit may not have been significantly 
different, thus showing no distinctions in the percentage of the flour. It is seen that as the fruits 
matured, skin percentage decreased from 20.5±1.6 to 16.6±1.0. This decrease occurred 
because cell growth within the breadfruit exceeds skin growth. 

Table 4: Effect of maturity on nutritional and mineral composition of breadfruit flour 
Maturity 

Parameter (g/100 g) Immature Mature Ρ 

Dry matter 91.8±0.3 90.9±0.2 0.037 

Ash 4.3±0.2 4.0±0.2 N.S 

Crude protein 4.9±0.3 4.6±0.1 N.S 

Ether extract 1.4±0.2 1.2±0.1 Ν.S 

Dietary fibre 9.4±1.1 6.9±0.9 Ν.S 

Carbohydrates 67.9±0.8 69.9±0.4 0.030 

Calcium 0.4±0.03 0.04±0.03 Ν.S 

Magnesium 1.8±0.1 1.5±0.04 Ν.S 

Sodium 2.1±0.2 2.6±0.3 Ν.S 

Iron 0.2±0.02 0.2±0.01 Ν.S 

Potassium 18.6±2.1 22.6±2.0 Ν.S 

Table 4 illustrates that as the breadfruit matures, dry matter decreases (91.8, 90.9 g/100 
g). However, carbohydrates increase (67.9 to 69.9 g/100 g). The reduction in dry matter may be 
brought about by an increase in moisture due to metabolic water (Amusa, 1992). The 
carbohydrate increase would have been the result of assimilation where there is an 
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accumulation of starches within the fruit (Neilson, 2002). However, there is a need to investigate 
whether these carbohydrates are simple or complex as this factor can impact on shelf-life. It can 
also be concluded that maturity has no effect upon the mineral composition of breadfruit flour. 
The closeness in age of the immature and mature fruits may have made it difficult to detect 
subtle changes in mineral content. In addition, as stated before, mineral content is primarily 
influenced by genetics and environment. 

Table 5: Effect of cultivar and maturity interaction on nutritional composition of breadfruit flour 
Parameter Ρ 

Dry matter N.S 

Ash 0.000 

Crude protein 0.000 

Ether extract N.S 

Dietary fibre Ν.S 

Carbohydrates 0.000 

Calcium Ν.S 

Magnesium Ν.S 

Sodium Ν.S 

Iron Ν.S 

Potassium Ν.S 

For the effect of cultivar and maturity interaction on nutritional composition, significant 
differences were detected only for ash, crude protein and carbohydrates (see Table 5 and 
Figure 1). From immaturity to maturity, ash and crude protein (g/100 g) decreased in the flour 
from cultivars JM and KB while increasing in LW and LY. For carbohydrates (g/100 g), there 
was a decrease in the flour from cultivar JM from immaturity to maturity. However, the 
carbohydrates increased for cultivars KB, LW and LY from immaturity to maturity as a result of 
the interaction between cultivar and maturity. 

CONCLUSIONS 

Cultivar and maturity affect some parameters of yield and nutrient composition of 
breadfruit flour. Cultivars differ significantly in flour yield, dry matter, ash, crude protein, lipids, 
dietary fibre, carbohydrates, Ca, Mg and Fe. Maturity did not influence flour yield or nutritional 
composition but caused significant differences in dry matter and carbohydrates because of 
metabolic water and growth (starch accumulation). 
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Figure 1: Box-plots illustrating the effect of interactions between cultivar and maturity on ash, 
protein and carbohydrates (g/100 g) 
Note - Maturity: 1 = immature; 2 = mature; Cultivar: 1 = JM, 2 = KB, 3 = LW, 4 = LY 
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FAMACHA AND SHRUB LEGUMES TO AVOID ANTHELMINTIC RESISTANCE ON SMALL 
RUMINANT FARMS IN THE CARIBBEAN BASIN 

Elide Valencia, Rafael Ramos-Santana and Abner Rodriguez, University of Puerto Rico, 
Mayagüez Campus. Email: elide.valencia@upr.edu 

ABSTRACT: In the expanding small ruminant industry in the Caribbean basin, producers are 
now faced with parasitism of gastrointestinal nematodes (Haemonhus contortus GIN) resulting 
in marked production losses pre- and post-weaning, in addition to the developed resistance to 
anthelmintic drugs caused by GIN. Studies in Puerto Rico and elsewhere in the Caribbean and 
Southeastern United States have confirmed GIN resistance to benzimidazole, levamisole and 
Ivomex. Calliandra calothyrsus, a shrub legume high in condensed tannins (CT), can effectively 
reduce GIN when combined with anthelmintics and FAMACHA (a card used to identify anemic 
small ruminants). This SARE-funded study is assessing establishing protein and deworming 
banks on five small ruminant producers' farms in the different agro-ecological zones of Puerto 
Rico. Morus alba (a high protein shrub) and Calliandra complement grazing of native grasses. 
Both growing sheep and goats gain >75 g/d when supplemented, compared to 25 g on a control 
diet (grazing grass only). Small ruminants maintained with these shrub plants require less 
periodic drug treatment. In conclusion, FAMACHA helps to identify sick animals that would 
require in situ treatment. Combining FAMACHA and high quality protein supplementary feed 
can prevent anthelmintic resistance in the long term. 

Keywords: Parasitism, Gastrointestinal nematodes, Anthelmintic resistance 
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FOOD SECURITY: OUR RESPONSIBILITY 

Eric Browne, Department of Agriculture, St. Kitts. Email: scramba_21@yahoo.com 

ABSTRACT: The communities of St. Kitts and Nevis face the challenge to enhance their food 
security by elevating their self-sufficiency in the production of food to satisfy the growing local 
demand. Home gardens and school gardens, although they have been existent in one form or 
another, have not until now been considered as important options in the fight to enhance food 
security at the national level. A system of forestry extension employing agro-forestry techniques 
was implemented using tools such as individual and group interviews, chats, workshops, 
observation, the news media (radio, television and newspapers), and documental analysis. 
Statistical and economic impact analyses including the Yamane (1967:886) formula (n with a 
95% confidence level and Ρ = 0.5), were applied to obtain the results; 320 households were 
considered in carrying out the investigation. Analyses show that because of the global economic 
crisis, in recent years the Island of St. Kitts has experienced the disintegration of the sugar 
industry; on the other hand, according to information offered by the Statistical Unit of St. Kitts 
and Nevis (2006), the country imports approximately 71% of its ground provisions, 54% of its 
vegetables, 97% of its grains and 5% of its fruits. The farming community is also plagued by 
several factors, such as shortage of man power for farms, commercialization of products, high 
production costs, high incidence of dog attacks on sheep and goats, high incidence of roaming 
livestock, damage to crops by monkeys, and the limited access to land for agriculture. In light of 
the current situation of the community and the necessity of elevating the level of food and forest 
product self-sufficiency, a strategy was laid out for the development of agro-forestry systems in 
the Cayon-Phillips area through the establishment and maintenance of home gardens 
considering the socio-economic, cultural and ecological characteristics of the community. In 
conclusion, to elevate food and forest product self-sufficiency in Cayon-Phillips, this laid out 
strategy for the development of agro-forestry systems must be implemented. 

Keywords: Community, Food security, Home gardens 
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VIRGIN ISLANDS AGRICULTURE AND TOURISM LINKAGE: CREATING FARMER-CHEF 
LINKAGES THROUGH NICHE MARKETING VIRGIN FRESH™ PRODUCE 

Stafford Crossman1, Carlos Robles1, Louis Petersen2, Daniel Stanley2 and Eric Wailes3. 
1University of the Virgin Islands Cooperative Extension Service, RR1, Box 10,000, Kingshill, St. 
Croix, Virgin Islands 00850; scrossm@uvi.edu. 2Virgin Islands Department of Agriculture, 
Estate Lower Love, Kingshill, St. Croix, Virgin Islands, 00850, louis.petersen@doa.vi.gov. 
depar tment of Agricultural Economics and Agribusiness, 217 Agriculture Building, University of 
Arkansas, Fayetteville, AR 72701, ewailes@uark.edu 

ABSTRACT: The linkages between agriculture and tourism in the U.S. Virgin Islands are limited 
by a number of constraints. Opportunities were identified to improve the linkages related to local 
food chains. Strategic educational and informational exchange opportunities were developed for 
farmers and chefs. The University of the Virgin Islands Cooperative Extension Service and the 
Virgin Islands Department of Agriculture (VIDA) sponsored Farmer-Chef Connection events. 
Locally grown produce was provided to participating restaurants which prepared dishes 
featuring the items provided. Farmers and chefs were brought face-to-face when the dishes 
were presented and shared at events on St. Thomas and St. Croix. The VIDA is differentiating 
quality local produce from imports through various endeavors such as the Virgin Fresh™ 
branding and marketing campaign. The farmer-chef connection events stimulated two private 
entities to hold the first V.l. Ultimate Chef Competition, an activity featuring Virgin Fresh™ 
produce. Relationships between farmers and chefs present mutually beneficial opportunities for 
niche market sales from small farms to local restaurants and hotels. Farmers benefit from 
restaurateurs' willingness to pay higher prices for produce meeting their standards. Chefs 
benefit from having sources of fresh produce and an introduction to local items not normally 
found at the supermarket or wholesale distributor. Restaurants use their local purchases as 
marketing tools, since many residents support the idea of buying local. Demands for authentic 
Caribbean cuisine also encourage restaurants to feature local produce on the menus. 
Challenges to creating farmer-chef connections include higher up-front costs of local produce, 
business-culture differences between farmers and restaurateurs, supply chain logistic issues 
(i.e., order placement, delivery, consistency of supply) and food safety concerns. 

Keywords: Agri-tourism, Local foods, Farmer-chef connections 

INTRODUCTION 

Although tourism is the greatest contributor to the economy of the U.S. Virgin Islands, 
there is great concern about the decline in local agricultural production and the need to revitalize 
the agricultural industry. Agri-tourism is viewed as one of the ways to reinvigorate the 
agricultural economy of the U.S. Virgin Islands. The term "agri-tourism" has many meanings, 
including farm visits, short- and long-term farm stays, farm tours, farm bed-and-breakfasts, 
agricultural fairs and festivals, living history farms, and restaurants serving local cuisine using 
local produce. This study explores the constraints faced by restaurants serving local cuisine 
using local produce. The objective of this study was to strengthen linkages of local food to the 
tourism/hospitality sector. The linkage between tourism and agriculture in the US Virgin Islands 
is limited by production, marketing and by institutional constraints. A previous study was 
conducted to identify and evaluate policy constraints and opportunities to improve this linkage. 
Recommendations to improve the agriculture-tourism linkages that were based on study 
findings included: 1) the U.S. Virgin Island government should develop fiscal policies to improve 
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land, water and labor availability, 2) a market information service should be developed by the 
U.S. Virgin Island Department of Agriculture; 3) the Department of Agriculture should initiate a 
pilot project between farmers and restaurant owners/chefs to provide for educational exchange 
and to develop food supply chains for local foods that will meet the quantity and quality interests 
of the island restaurants. A "Farmer-Chef Connection" pilot project was initiated to strengthen 
the business and personal relationships between farmers and restaurant owners/chefs. A 
directory that identifies suppliers and purchasers of local foods is in the final stages of 
development and will be published later this year. Other planned activities include farm visits for 
chefs, and food demonstrat ions by chefs for farmers, always using local foods. 

MATERIALS A N D METHODS 

Farmer-Chef Connections - In December 2008 two farmer-chef connection activities were held 
with the purpose of showcasing the use of local foods in island cuisine. On St. Thomas, the 
farmers brought their produce to a restaurant where chefs from across the island turned the 
fresh-from-the-farm produce into sumptuous dishes. On St. Croix the chefs were provided with 
the locally grown produce which they used to create delicacies at their respective restaurants, 
and then brought them to the event for participants to enjoy. Both activities were successful in 
bringing farmers and chefs together for interactions and dialogue in an effort to create mutual 
understanding and communicat ion of market opportunities. The idea is expected to continue 
and grow - gaining participation from more farmers and more restaurateurs. Bringing the 
players in both industries together has resulted in commitments on both ends. Farmers have 
agreed to produce the types of crops and animals that the restaurants need, and restaurateurs 
have agreed to purchase local produce. While these types of long-awaited partnerships are 
being organized it is known that one of the biggest challenges to overcome is the lack of a 
consistent supply of good quality produce. Farmers will have to be able to keep their 
commitments to the hospitality industry, which may involve having a backup plan in the event of 
unforeseeable circumstances. 

Taste of St. Croix - While the Farmer Chef Connections focused directly on building personal 
and business relationships between interested parties, participation in "A Taste of St. Croix" and 
the "1s t Annual V.l. Ultimate Chef Competition" have exposed a wider range of chefs to locally 
available Virgin Fresh™ farm products. "A Taste of St. Croix" is an annual non-profit fundraising 
event where over 50 restaurants prepare their best dishes to be served to ticket purchasers and 
for entry into a culinary competit ion. This provided a pre-event niche marketing channel where 
chefs were made aware of the Virgin Fresh™ products available to them for preparation of their 
dishes. Many chefs who participated in the Farmer Chef Connection purchased produce and 
meats directly from local farmers. During the event, the Project participated as a "restaurant" by 
serving drinks and desserts that featured Virgin Fresh™ locally grown fruits. These included 
gooseberry rum cocktail, mango/carambola juice, sorrel drink, guavaberry tarts, passion fruit 
cheesecake and guava cheese. Many chefs and "tasters" had not been exposed to these local 
delights and thus the "awareness" and "trial" steps in the purchasing process were completed. 
Virgin Fresh™ honey and culinary herb samplers were also handed out directly to the chefs 
allowing trial of other products for their restaurant. For more details see www.tasteofstcroix.com. 

V.l. Ultimate Chef Challenge - The 1s t Annual V.l. Ultimate Chef Challenge was a promotional 
event that was open to public viewing during the St. Thomas Carnival Cultural Fair. The Project 
co-sponsored the cook-off competit ion by lending usage of the Virgin Fresh™ theme and 
providing Virgin Fresh™ honey and culinary herb samplers for the chefs. Other sponsors 
purchased Virgin Fresh™ produce from farmers or donated items not available locally for use 
during the competit ion. Through a lottery system, seven chefs from the U.S.V.l. and B.V.I, were 
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allowed to choose their produce and meats from the main table. Chefs then prepared the items 
and presented the final dish to a panel of judges. The winner, Chef Mat Vacharat of St. John 
Catering, won the $1,000.00 prize with a dish he called Five-way Papaya Chicken. The 
sponsors of this event have also expressed an interest in sponsoring future Farmer Chef 
Connections. For more details see www.viultimatechefchallenge.com. 

CONCLUSION 

The strategic educational and informational exchange opportunities that were developed 
for farmers and chefs were very successful. The University of the Virgin Islands Cooperative 
Extension Service and the Virgin Islands Department of Agriculture (VIDA) were involved in 
bringing farmers and chefs face-to-face. These activities allowed for locally grown produce to be 
featured at a number of events involving farmers, chefs and the general public. The VIDA's 
Virgin Fresh™ branding and marketing campaign is differentiating quality local produce from 
imports through these agri-tourism endeavors where Virgin Fresh™ items are featured. The 
willingness of the hospitality industry to be involved in these events has been a pleasant 
surprise, sometimes taking the lead role in events. The relationships that have developed 
between farmers and chefs present mutually beneficial opportunities for farmers and 
restaurateurs/hotels. There are still many challenges for the farmer-chef connections, including 
higher up-front costs of local produce, business-culture differences between farmers and 
restaurateurs, supply chain logistic issues (i.e., order placement, delivery, consistency of 
supply) and food safety concerns. 
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ANALYSIS ON COST OF PRODUCTION OF TWO MAJOR VEGETABLE CROPS UNDER 
VARIOUS MULCHING REGIMES IN ST. KITTS 

Tonisha Weekes, Department of Agriculture St. Kitts. Email: kittianposse@hotmail.com 

ABSTRACT: Cost of producing any unit of vegetable is not usually a key factor that farmers 
take into consideration when producing vegetables in St. Kitts. Recently, a cost of production 
study was carried out using two different regimes, plastic mulch and no plastic mulch. In doing 
this study, the farmers were able to compare the two methods and to determine which of the 
two methods was more cost efficient. Over the past years, farmers have been farming the 
traditional way and have some level of comfort. With the recent introduction of the plastic mulch 
they have now begun to adopt this new technology. Results indicate that yields obtained from 
planting on the plastic mulch increased by 50% and more, while lowering the total cost by 
reduction in labor cost for weeding and irrigating, thus saving on time and cash flow. 

Keywords: Analysis, Cost of production, Mulching 
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UNDERGRADUATE STUDENT PERCEPTION OF FOOD SAFETY 

Wilfredo Colon, Nydia Rodriguez and Mariel Pérez, School of Science and Technology, 
Universidad del Este, Puerto Rico. Email: ue_wcolon@suagm.edu 

ABSTRACT: The Universidad del Este (UNE) was awarded a grant from the USDA-CSREES, 
HSI Education Grants Program (2008-38422-19236). The objectives of this grant are to 
develop a Bilingual Minor in Food Safety and to establish a food safety undergraduate research 
program. Three faculty members are working on this grant, two of whom are microbiologists 
and one an agronomist. As part of the work plan, an on-line survey was conducted to ascertain 
the knowledge and perception on Food Safety among the 364 students enrolled in the School of 
Science and Technology. The School offers bachelor of science degrees in Biology, 
Microbiology and Biotechnology. Sixty-two percent of the students who answered the on-line 
questionnaire had prior knowledge of food safety. However, 60% had never read an article on 
this topic; 72% had never sought information on this topic. Sixty-six percent had heard of the 
USDA, but only 13% had entered the USDA website. In general, 94% of the students agreed 
that the students in the School should learn more about this topic, and 72% responded that they 
would consider obtaining a minor in food safety. Thirty-one percent answered they had never 
participated in an undergraduate research project, whereas 82% stated they were interested in 
participating in an undergraduate research project in food safety. In summary, this questionnaire 
was used to establish a threshold of the general knowledge that students have on food safety. 
These results will be compared with a similar questionnaire to be taken at the end of the three-
year grant period. We will be able to document the success or failure of this new academic 
program among undergraduate students. The questionnaire utilized in this study was approved 
by the AGMUS Institutional Review Board (IRB). 

Keywords: Pretest, Minor on food safety, Undergraduate research 
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GERMINATION OF BERMUDA GRASS (VARIETY PRINCESS-77) IN RESPONSE TO SEED 
PRIMING TREATMENTS 

Andrea Veira, Francis Lopez, Jeff Chandler and Louis Chinnery, University of the West Indies, 
Cave Hill Campus, Barbados. Email: francis.lopez@cavehill.uwi.edu 

ABSTRACT: Pre-germination and seed priming techniques can hasten the germination process 
and thereby reduce the duration of highly vulnerable seedling stages, all of which impacts water 
management and weed control during field establishment. This study tested the effects of pre-
germination treatments including seed priming under laboratory and field settings for Bermuda 
grass, Cynodon dactylon (L.) Pers. cultivar Princess-77. Germination percentages were 
recorded over time in the laboratory experiment, and seedling counts, chlorophyll indices and 
percentage green cover were recorded in the field experiment. Three germination temperatures 
were investigated in the laboratory (21, 26 and 31 °C); germination was on filter paper in PETRI 
dishes either in incubators (31° C) or in an air-conditioned room (21 and 26 °C). The best results 
were obtained at 31° C; a maximum germination percentage of about 40% was recorded, which 
was much lower than the tested value of 80% stated on the seed container. The most effective 
treatments involved washing the seeds (enclosed in MIRA cloth) under tap water for one hour 
and placing them in a potassium nitrate (0.2%, KN03) germination medium, or soaking them in 
KNO3 for 24 h and placing them in a deionized water germination medium. Drying of the seeds 
following exposure to aqueous pre-treatments resulted in reduced seed germination 
percentages in the laboratory experiments. Field results did not show significant effects of the 
treatments on seedling counts made at 13 days after sowing. At 13 days after sowing in the field 
plots, the highest percentage green cover (45%) was obtained for seeds soaked for 24 hours in 
KN03 , but this percentage was significantly reduced if seeds were dried for 24 hours following 
treatment application prior to sowing. On the basis of these results, washing to remove the 
protective pellet coating on seeds and exposure to KN0 3 are recommended for testing of these 
Bermuda grass seeds in the laboratory. Although seed pre-treatments may speed up 
germination in the field, the need for subsequent drying to facilitate distribution and planting may 
limit the effectiveness of such techniques. 

Keywords: Chlorophyll index, Percentage green cover, Potassium nitrate 
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EVALUACIÔN DEL USO DEL ENSILAJE DE MAÎZ EN CORDEROS ESTABULADOS 

Carlos M. De Jesus Arias, Juan Ariel Espinal, Odanny Espinal, Leudi Bonifacio y Bernardo 
Diaz, Universidad ISA. Correo Electrônico: car1070@yahoo.com 

ABSTRACT: La crianza de ovinos se ha incrementado en los Ultimos anos con la introducciôn 
de nuevas razas; sin embargo, se requiere de dietas alimenticias que maximicen la 
productividad de estos corderos en sistemas de engorde estabulados. Dos grupos de corderos 
de peso promedio de 20 kg fueron distribuidos en dos estudios sobre ensilaje en diferentes 
proporciones y la adicciôn de urea en el ensilaje prehenificado. Los animales fueron distribuidos 
completamente al azar y con très repeticiones de cada uno de los tratamientos en ambos 
estudios. El estudio con ensilaje prehenificado constô de dos tratamientos, sin urea y con urea, 
y una suplementaciôn de concentrado. Asimismo, el estudio de diferentes proporciones de 
ensilaje consistiô en cuatro tratamientos de proporciones de ensilaje y concentrado (40-60; 50-
50; 60-40; 70-30). Las variables evaluadas fueron consumo diario de alimento, ganancia diaria, 
rendimiento de canal y relaciôn beneficio-costo. No se reportô diferencias significativas en la 
ganancia diaria, consumo diario de alimento, ni rendimiento de canal en los corderos 
alimentados, aunque la mayor relaciôn beneficio-costo se obtuvo con el 60% de ensilaje. Sin 
embargo, la adiciôn de urea en el ensilaje prehenificado résulte» con mayores (P>0.05) 
ganancias diarias (202.87 ± 13.01 vs. 157.26 ± 13.09), eficiencia alimenticia (4.41 ± 0.63 vs. 
5.66 ± 0.60) y mayor relaciôn beneficio-costo. Por lo tanto, se concluye que el efecto de la 
adiciôn de urea en el ensilaje de maiz prehenificado mejora los parâmetros de ganancia diaria, 
rendimiento de canal y la relaciôn beneficio-costo. Ademâs, el ensilaje de maiz se puede utilizar 
de 40 hasta 70% en la dieta de corderos estabulados sin afectar los parâmetros productivos. 

Palabras Clave: Cordero, Ensilaje, Estabulados 
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SHADE NETTING AS A SOIL SURFACE COVER FOR THE ESTABLISHMENT OF 
BERMUDA GRASS VARIETY PRINCESS 77 

Rowena King, Francis Lopez, Jeff Chandler and Louis Chinnery, Department of Biological and 
Chemical Sciences, The University of the West Indies, Cave Hill Campus, BB11000, Barbados 

ABSTRACT: Soil surface covers may help to protect germinating turfgrass seeds from 
desiccation during field establishment and to reduce the frequency of watering, all of which 
could be beneficial in water-limited environments. The aim of this study was to determine the 
effectiveness of shade netting as a soil surface cover for the establishment of hybrid Bermuda 
grass, Cynodon dactylon (L.) Pers. 'Princess 77'. Four soil surface cover treatments were used 
(0, 25, 55, 73% shade netting), the material was pinned to the soil surface after sowing. In the 
first study, we investigated the effects of the different surface cover treatments on turfgrass 
establishment from seeds sown in pots with three different rooting media (soil; 1:1 sand/soil 
mixture; and sand). The second study investigated the effects of two soil surface cover removal 
times on turfgrass establishment in small field plots using the sand/soil mixture rooting medium. 
Observations included chlorophyll index, plant height, damage caused by removal of the surface 
covers, and percentage green cover determined by digital image analysis after removal of the 
surface covers. In the pot study, chlorophyll index and grass growth were highest for turfgrass 
established in the soil rooting medium and with use of the 55% shade netting surface cover. It 
was also observed that soil moisture loss during the day was significantly reduced by use of the 
soil surface covers except for turfgrass established in sand. In the field study, grass growth was 
better when the soil cover treatments were removed after one week than when removed after 
two weeks. Generally, damage to seedlings during the removal of the soil surface covers tended 
to be least for turfgrass established in the sand/soil mixture, with use of the lowest density 
(25%) shade netting surface cover and with removal of the shade netting after one week. The 
55% shade netting surface cover appeared to be most suitable and it is recommended that this 
cover be removed at approximately one week after sowing. 

Keywords: Rooting media, Chlorophyll index, Green cover 

INTRODUCTION 

Bermuda grass, Cynodon dactylon (L.) Pers., is a widely distributed warm-season 
turfgrass species (Wiecko, 2006) that is frequently recommended for sports fields, lawns and 
park areas in the Caribbean Region. Other growth forms are known as Devil's grass, and are 
considered the world's second worst agricultural weed (Holm et al., 1977). The hybrid variety 
'Princess-77' has demonstrated excellent turf quality (Rodgers and Baltensperger, 2005) and 
can be established either by vegetative means or from seeds. Turfgrass seeds are very small 
and displacement or losses after sowing can occur because of wind, water and sometimes 
birds. Mulches can have beneficial effects on turf grass establishment by reducing soil erosion 
(and seed displacement), by enhancing soil water conservation, and by modifying soil 
temperature (Barkley et al., 1965). Soil surface covers may also protect the germinating grass 
seeds from birds and can serve to suppress weed growth during turf establishment. However, 
the germination of many grass seeds is stimulated by light; thus the shading effects of various 
surface covers can delay or reduce germination (Jellicorse et al., 2009). Reduced growth under 
shaded conditions is often dependent on the type of shade material used, with black shade 
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types having the most detrimental effects (Baldwin et al., 2009). Damage to seedlings may also 
be unavoidable if mulches need to be removed following turf establishment. 

Organic mulches can be particularly convenient as soil surface covers during turfgrass 
establishment since these materials can be left to biodegrade in the field and thus contribute to 
soil organic matter. However, increased soil organic matter may not always be desirable 
because of possible adverse effects on field drainage and sports surface performance 
characteristics. Synthetic netting materials are generally widely available and are often used for 
providing shade in nurseries and shade houses, or as soil surface covers for suppressing weed 
growth. This study investigated the usefulness of shade netting as a soil surface cover for the 
establishment of Bermuda grass 'Princess-77'. The objectives were to determine the 
effectiveness of the surface covers in reducing moisture loss and enhancing the establishment 
of Bermuda grass from seed; another objective was to make recommendations on the optimal 
fabric density. Pots and small field plots were used to test the effects of different rooting media 
and time of removal of the shade netting after sowing on turf growth and soil water 
conservation. 

MATERIALS AND METHODS 

The study was conducted on the grounds of the Cave Hill Campus of the University of 
the West Indies, Barbados, under open field conditions. In an initial pot study, we investigated 
the effects of shade netting surface covers and rooting medium on soil water use and 
establishment of the Bermuda grass. In June 2008, seeds of 'Princess-77' (Pennington Seed 
Inc., USA) were sown (0.4 g per pot, ~ 45,000 seeds/m) in 2.5 L plastic pots (16 cm top 
diameter, 16 cm tall) containing sand, soil or a 1:1 sand/soil mixture. Four surface cover 
treatments were applied using shade netting of different densities as needed: 0% (Control), 
25%, 55% and 73% shade; and the experiment was conducted using a completely randomized 
design with four replications. The shade netting was cut to fit the size of each pot and securely 
pinned to the surface of the rooting medium immediately after sowing. Watering was done twice 
daily and surface covers were removed from all pots at nine days after sowing. 
Evapotranspiration rate was determined over a six-hour period using the pot-weighing method 
on three consecutive days, starting five days after sowing. Pots were weighed in the morning 
when the rooting media had reached field capacity (about one hour after watering) and were re-
weighed after six hours in the field environment. The difference in mass was attributed to water 
loss during the period, and the évapotranspiration rate was expressed in terms of the volume of 
water lost per unit area per unit time (mm3/mm2/h or mm/h). 

In a follow-up field study, seeds were sown in small field plots (0.5 m χ 0.33 m) with a 
1:1 sand/soil rooting medium, using the same seeding density as in the pot study. The 
experiment was conducted using a randomized block design with four replications. Four surface 
cover treatments were applied as in the pot study. Watering was done twice daily, and surface 
covers were removed at one or two weeks after sowing. Turf height was determined by 
measurements at five different points within each pot/plot by using a ruler, at one and two 
weeks after removal of the surface covers in the pot study, and at two weeks after sowing in the 
field study, following the removal of all surface covers. Damage to seedlings following removal 
of the surface covers was determined by counting the number of plants with and without roots 
stuck to the surface cover netting. 

Greenness index, a dimensionless vegetative index, was determined by using a 
Chlorophyll index meter (CM1000, Spectrum Technologies Inc., USA). This instrument 
calculates greenness index based on sensor measurements of reflected red and infrared light 
wavelengths. Readings from this instrument typically range from less than 60 for bare soil to 
about 450 for dense healthy turf. Measurements were made between 10.00am and 2.00pm with 
the instrument held about 0.5 m from the turf under sufficiently bright sunlight levels as indicated 
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by the light sensor on the instrument. Average values were calculated from several readings (12 
to 20) taken at random locations within each pot/plot. Readings were taken at five-day intervals 
over the two-week period following surface cover removal in the pot study, and at two and three 
weeks after sowing in the field study (following removal of all surface covers). 

Green cover percentage was determined by using digital image analysis software 
(Assess 1.0, American Phytopathological Society, USA) for images taken with a digital camera 
held above each pot/plot at times of the day when interference from shadows could be 
minimized. Images of pots/plots were taken immediately after removal of surface covers, and 
also two weeks later for the pot study; and immediately after removal of surface covers two 
weeks after sowing for the field plot study. The percentage green cover was calculated as the 
percentage of green pixels in the pot/plot area sampled by the image. 

RESULTS 

The field temperature range for the period of the study was 23.9 to 30.4 °C and no 
rainfall was recorded during the six-hour intervals used for measurement of évapotranspiration. 
Pot évapotranspiration values averaged over the three consecutive days of measurements 
decreased as density of the shade netting surface cover increased, except in sand (Figure 1). 
The decline in évapotranspiration compared to that of the control treatment was significant for 
the 25% shade netting surface cover on soil, and highly significant for higher shade level 
surface covers on both the soil, and the sand/soil rooting media. Increased soil moisture 
conservation with the use of mulches during turf establishment has been reported previously 
(Barkley et al., 1965). The results obtained with soil and sand/soil rooting media in the current 
study suggest that the synthetic shade netting material is acting as a barrier to water loss, with 
the material of highest density resulting in the greatest water conservation. A persistent water-
saturated zone (perched water table) at the base of the pots after drainage (Raviv et al., 2008), 
with water loss from the base during évapotranspiration measurements, is a possible 
explanation for the observed lack of response of water loss to changes in the density of the 
shade netting surface cover in the sand medium. 

As the density of the shade netting surface cover increased, greenness index was 
relatively unaffected for turf sown in the sand/soil mixture, but increased to reach a maximum 
with the 55% shade netting surface cover for turf sown in soil (Figure 2). No significant increase 
in greenness index with increasing shade netting density was observed for turf sown in sand 
until the highest shade density (73%) was reached. Similar responses were observed for 
greenness index measured up to two weeks after removal of the surface covers (data not 
shown). Significant reduction in turf quality has been reported for Bermuda grass under shaded 
conditions (Jiang et al., 2004). Increased greenness index with increased density of the shade 
netting surface cover can possibly occur because of enhanced germination and/or seedling 
growth caused by improved soil moisture status. Reduced germination and chlorophyll 
formation is expected to occur as the density of the shade netting surface cover continues to 
increase beyond an optimum point (55% shade for turf sown in soil). Greenness index was 
highest for turf sown in soil and lowest for turf sown in sand (Figure 2). Similar effects of rooting 
media were observed in green cover percentage and plant height; however, no significant 
effects of density of the shade netting surface covers were observed for either parameter (data 
not shown). Greenness index was apparently a more sensitive indicator of seedling growth at 
this stage than turf height or green cover percentage as determined by image analysis. 
Although fertilizer application was the same for all treatments, fewer mineral nutrients are likely 
to be retained in sand or sand/soil than in soil, all of which is a possible explanation for the 
observed effects of rooting media on greenness index. 
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Damage to grass seedlings by surface cover removal from pots was significantly 
affected by the type of rooting media and the density of the shade netting surface cover, 
however, no significant interaction was observed among these two factors (Table 1). The 
greatest damage to seedlings occurred with the sand rooting medium and with the 73% shade 
netting surface cover. Most of the seedlings entangled in the netting after removal of the surface 
covers had roots attached, indicating that the majority of damaged seedlings were uprooted 
rather than broken. This uprooting was particularly noticeable in sand, where root anchorage 
was relatively weak compared to that for seedlings in the soil or sand/soil rooting medium. 
Damage to seedlings by removal of the surface covers in the field plots was less severe than in 
the pot study and was significantly less if surface covers were removed at one week (rather than 
two weeks) after sowing (Figure 3). The highest level of damage to seedlings was obtained with 
removal of the 55% shade netting surface cover at two weeks after sowing. Although the 
damage level was not as high with use of the 73% shade netting, plant height was reduced with 
the 73% shade netting (Figure 4). Plant height was positively correlated with Chlorophyll index 
(Pearson's r = 0.645, ρ <0 .01 ) and green cover percentage (Pearson's r = 0.681, ρ < 0.01). 
Lower seedling damage levels with use of the 73% (compared to that of 55%) shade netting 
surface covers were likely due to reduced growth of seedlings by this treatment in the field 
study, even though a greater proportion of seedlings that grow through the netting are expected 
to get entangled and damaged because of the very small pore spaces. 

CONCLUSIONS 

Soil moisture loss was reduced by the use of shade netting surface covers after sowing 
of Bermuda grass 'Princess 77' in soil and soil/sand rooting media. Such a response was not 
observed in sand; this finding may have been due to errors in the determination of 
évapotranspiration in sand-fil led small pots. The 55% shade netting appears to be the most 
suitable in terms of reducing water use and promoting turf growth; this netting should be 
removed after one week to reduce damage to seedlings that become entangled in the netting. 
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Table 1. Total number of turf seedlings per square meter damaged by removal of the shade 
netting surface covers from pots at nine days after sowing in sand, sand/soil or soil rooting 
medium. 
Density of shade 
nett ing sur face cover 
25% 
55% 
73% 

Mean 
Means in the same column or row with the same attached letter are not significantly different 
from each other by Tukey's-b test (p > 0.05). 

Sand Sand/soi l Soil 
— Mean 

1,471 637 340 816 b 
1,783 905 693 1,127 b 
2,504 1,245 2,151 1,967 a 
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Figure 1. Surface cover effects on évapotranspiration of potted turf at five to seven days after 
sowing in sand, sand/soil or soil rooting media. Significant differences from corresponding 
control treatments at 0% surface cover are indicated at the 5% (*) and 1% (**) levels. 
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Figure 2. Turf greenness index in response to increasing density of surface covers at five days 
after the removal of the surface covers for sand, sand/soil or soil rooting media. Significant 
differences from corresponding control treatments at 0% surface cover are indicated at the 5% 
(*) and 1 % (**) levels. 
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Figure 3. Number of seedlings damaged or uprooted by removal of surface covers at one or two 
weeks after sowing. Treatment means with a common attached letter are not significantly 
different at the 5% level by LSD. 
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Figure 4. Plant height of turf seedlings at two weeks after sowing with the removal of the shade 
netting surface covers after one or two weeks. Significant differences from corresponding 
control treatment at 0% surface cover is indicated at the 5% (*) level. 
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TASAS DE FERTILIZACIÔN DE LA UREA LIQUIDA Y SU EFECTO EN EL RENDIMIENTO 
DE PASTO GUINEA (PANICUM MAXIMUM JACQ.) CV. TANZANIA 

Luis E. Almodovar y Elide Valencia, Universidad de Puerto Rico-Mayagüez. Correo Electrônico 
luis.almodovar2@upr.edu 

RESUMEN: El pasto guinea (Panicum maximum Jacq.) es uno de los forrajes mayormente 
utilizados por los ganaderos para el pastoreo, pero se utiliza poco en sistemas de 
conservation. El pasto guinea cv. Tanzania tiene alta relation hoja: tallo, pero requiere de 
fertilization nitrogenada para mejorar su rendimiento y valor nutritivo. La urea liquida (UL) es 
una alternativa a la urea granular (de alta volatilizaciôn), pero existe poca informaciôn sobre 
aplicaciones directas a la graminea. Un estudio de campo se llevô a cabo en la Subestaciôn 
Experimental Agricola de Lajas, de la Universidad de Puerto Rico, en un suelo de la serie 
Fraternidad, fina esmectitica, isohipertérmica Typic Haplusterts. Très tasas de UL (56, 112, y 
168 kg/ha) se aplicaron a rebrotes de Tanzania en un diseno experimental de bloques 
aleatorizados con cuatro réplicas. Se observe» una tendencia lineal para el rendimiento de 
materia seca (MS). Con la aplicaciôn de 56 kg/ha de UL se obtuvo un rendimiento de 1,650 
kg/ha de materia seca (MS), mientras que con 168 kg/ha de UL se obtuvo 2,488 kg/ha MS. El 
rendimiento mayor, 2,557.50 kg/ha MS, se obtuvo con la aplicaciôn estândar de 112 kg/ha de 
urea granular. En cuanto a la proteina bruta (PB), se obtuvo una media general de 10.2%; no 
hubo diferencia significativa entre los tratamientos. Las aplicaciones foliares de urea liquida 
pueden haberse volatilizado debido a las altas temperaturas. Sin embargo, la urea granular se 
aprovechô mejor por el cultivar Tanzania. 

Palabras clave: Sistemas de conservaciôn, Proteina bruta, Urea liquida 
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RENDIMIENTO DE LA PRIMERA COSECHA COMERCIAL DE LA NARANJA VALENCIA 
RHODE RED EN TRES PATRONES DE CÎTRICAS EN ADJUNTAS, PUERTO RICO 

Félix M. Român-Pérez, Departamento de Cultivos y Ciencias Agroambientales, Colegio de 
Ciencias Agricolas, Estaciôn Experimental Agricola, Recinto Universitario de Mayagüez. Correo 
Electrônico: felix.roman2@upr.edu 

RESUMEN: La naranja dulce Valencia, cultivar Rhode red [Citrus sinensis (L.) Osb.], esta 
siendo evaluada en très patrones para validar los resultados obtenidos en otras pruebas 
Nevadas a cabo en la isla de Puerto Rico. Esta variedad de producciôn tardia se caracteriza 
por su color anaranjado intenso en la parte interior de la fruta, lo que la hace muy atractiva para 
la industria de producciôn de jugos. Se usaron los patrones 'Swingle citrumelo' (Citrus paradisi 
χ Ponsirus trifoliata), 'HRS 812' (Sunki mandarin χ Beneck trifoliate orange) y la mandarina 
'Cleopatra' (Citrus reticulata reshni). La prueba se estableciô en la localidad de Adjuntas, 
situada en la parte central de la isla con una temperatura promedio anual de 24° C y una 
precipitaciôn promedio de alrededor de 1,900 mm. Los resultados preliminares de la primera 
cosecha (4to ano de crecimiento) indican que los ârboles, sembrados a una distancia de 4.5 m 
χ 5.9 m, produjeron en el patron Swingle un promedio de 144 frutas por ârbol; en HRS 812, 
144.6; y en mandarina Cleopatra, 165.5. El peso promedio de las frutas fue de 295.8, 317 y 
244.9 g, respectivamente. Los rendimientos totales por acre a esta distancia de siembra fueron 
de 21,065 frutas (4.7 t/a) para el patron Swingle citrumelo; 21,025 (4.5 t/a) para HRS 812; y 
23,998 (5.5 t/a) en la mandarina Cleopatra. Estos rendimientos pueden variar si se utilizan 
otras distancias de siembra. Los valores obtenidos para los parâmetros que definen la calidad 
interna de la fruta fueron muy similares entre los très patrones para este primer ano de cosecha 
comercial. 

Palabras Clave: Cultivar, Rendimiento, Patrones 
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COMO APLICAR NITRÔGENO LÎQUIDO (ULB-35®) EN LA PRODUCCIÔN DE FORRAJE 
EN PUERTO RICO 

Alexander Recamân-Serna, David Sotomayor-Ramirez, Universidad de Puerto Rico, Recinto de 
Mayagüez, y Gilberto Lozada, Pan American Fertilizar, Guânica, Puerto Rico. Correo 
Electrônico: dsotomayor@uprm.edu 

RESUMEN: En la producciôn de forrajes de corte y pastoreo en Puerto Rico, la fertilization con 
nitrôgeno (N) se realiza usando fertilizante en forma granulada aplicado al voleo con equipos 
especiales. Sin embargo, muchas de las vaquerias y fincas productoras de forraje cuentan con 
sistemas de riego por aspersion que se utilizan normalmente durante la época seca. La 
inyecciôn de un fertilizante liquido al sistema de riego podria mejorar la eficiencia de aplicaciôn 
y reducir los costos de production de forraje. En el mercado de Puerto Rico esta disponible el 
material ULB-35®, una fuente de urea-N liquido con 15% de N que no contiene metales 
pesados ni patôgenos, y con bajo biuret. El costo del material es 68 y 200% menor que la 
misma cantidad de N en forma de urea y sulfato de amonio, respectivamente. En esta 
presentation se mostrarâ una guia técnica preparada para guiar la aplicaciôn de N liquido por 
medio de inyecciôn en la tuberia de succion de la bomba del sistema de aspersion de residuos 
orgânicos, en el sistema de riego aéreo por canones, sistema de riego con pivote central y 
riego por aspersor môvil. También se han preparado dos modelos que corren en MS EXCEL® 
para guiar la aplicaciôn foliar y la aplicaciôn con sistema de riego aéreo por canon. 

Palabras Clave: Sistema de riego, Urea liquida, Forraje, Fertilization 
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COMPOSTED MANURE EFFECTS ON GROWTH AND SEED YIELD OF FORAGE 
SOYBEAN (GLYCINE MAX) CV. HINSON LONG-JUVENILE 

Alfredo Aponte, Elide Valencia, and Abner Rodriguez, University of Puerto Rico, Mayagüez 
Campus. Email: elide.valencia@upr.edu 

ABSTRACT: Forage soybean cv. Hinson Long-Juvenile (HLJ) has potential for haying from 
April to August in Puerto Rico. Its vegetative growth is maintained during the summer months, 
but as the days shorten, HLJ will flower as early as 40 d after planting, reducing forage yield. 
Little information is available on growth and seed yield of HLJ for the fall planting in Puerto Rico. 
The objective of this study was to assess the effects of broadcast application of composted 
chicken manure (CCM), composted rabbit manure (CRM), and triple super-phosphate (TSP) on 
vegetative growth and seed yield. Treatments consisted of CCM (1680 g/m2), CRM (1,680 g/m2) 
and triple super-phosphate (TSP; 33.6 g/m2) -a l l applied at HLJ seeding. The experimental 
design was a randomized complete block in a split plot arrangement with four replicates. Plant 
height (cm) and number of branches were counted weekly for 8 wk. At maturity (90 days), pods 
were harvested, weighed and 100 seed weight was taken. There were differences (P<0.05) in 
plant height, CCM and CRM averaging 41.2 and 37.8 cm, respectively. Branching was greater 
for CCM (15), than for CRM and TSP, which averaged 13 and 11 branches, respectively. Seed 
yield per square meter was 384.12 g, 167.2 g and 202.84 g for CCM, CRM, and TSP, 
respectively. Soybean plants treated with CCM also had higher 100-seed weight (9.7 g/100 
seeds). Composted chicken manures have a reservoir of macro-essential nutriments (Ca, Ρ and 
Κ) that can replace the TSP and are recommended for HLJ fertilization. 

Keywords: Forage soybean, Vegetative growth, Composted manure 
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CONTRIBUCI0N EN NITRÔGENO (15N) DE LAS RAÎCES Y PARTE AÉREA DE ABONOS 
VERDES Y APROVECHAMIENTO DE 15N-UREA EN RELACIÔN A LA ÉPOCA DE 
APLICACIÔN DE LOS FERTILIZANTES EN PRESENCIA Ο AUSENCIA DE ABONO VERDE 
PARA LA PLANTA DE ARROZ Y EFECTO RESIDUAL EN FRIJOL 

Freddy Sinencio Contreras Espinal, Takashi Muraoka y Edson Cabrai da Silva. Instituto 
Dominicano de Investigaciones Agropecuarias y Forestales. Correo Electrônico: 
fcontreras@idiaf.org.do 

RESUMEN: La asociaciôn de abonos verdes con fuentes minerales de N para los cultivos se 
esta convirtiendo en una opciôn prometedora para el manejo de la fertilization nitrogenada, con 
el objetivo de recuperar la fertilidad del suelo, aumentar la materia orgânica del suelo, reducir la 
pérdida de minerales en N de fuentes fâcilmente disponibles y, en el caso de las leguminosas, 
incorporar nitrôgeno de la fijaciôn biolôgica del suelo. Los objetivos de este estudio fueron 
evaluar la contribution de N de las raices y parte aérea de los abonos verdes para el arroz y 
cuantificar el N en la planta proveniente de los abonos verdes en relation a la época de 
aplicaciôn de la urea (base y cobertura). Los experimentos fueron desarrollados en invernadero 
en CENA/USP en suelo Latossolo Vermelho distroférrico tipico, en très etapas: (a) marcaciôn 
isotôpica de abono verde con 15N realizado con (NH4)2S04 enriquecido en 10 y el 5% de 
âtomos de 15N para crotalaria y mijo, respectivamente; (b) el cultivo de arroz en macetas de 4 
kg de tierra fina seca al aire (TFSA), con un diseno completamente al azar con très 
repeticiones y 10 tratamientos: (1) crotalaria (Raiz + Parte aérea), (2) crotalaria (Raiz + Parte 
aérea), (3) mijo (Raiz + Parte aérea), (4) mijo (Raiz + Parte aérea), (5) sin abono verde + fert 
(base +cobertura), (6) sin abono verde + fert (base +cobertura), (7) crotalaria + fert (base 
+cobertura), (8) crotalaria + fert (base +cobertura), (9) mijo + fert (base +cobertura), (10) mijo + 
fert (base +cobertura); y (c) el cultivo de frijol en las mismas macetas después del cultivo de 
arroz. El rendimiento de grano de arroz fue positivamente influenciado por el uso de crotalaria 
en comparaciôn con el mijo y el tratamiento sin abono verde. El uso de N de las raices de 
abono verde es un 14.1%, mientras que la parte aérea fue de 16.8%. Con el uso de crotalaria 
hubo un mayor aprovechamiento del N-urea aplicado en la siembra (61.7%) en comparaciôn 
con la cobertura (47.1%), pero este efecto no se observô para el uso de mijo y sin la adiciôn de 
abono verde. El aprovechamiento de N residual de los abonos verdes por el frijol fue del 3.56% 
para la crotalaria y 3.43% para el N-mijo, y fue superior al de N-fertilizantes (2.63%). 

Palabras Clave: Dilution isotôpica, Eficiencia de Ν, 15N 
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TRANSPORTE DE NUTRIENTES Y SEDIMENTOS EN UN ULTISOL ENMENDADO CON 
RESIDUOS ORGÄNICOS DE VAQUERÎA 

Gerson Ardila, David Sotomayor-Ramirez, Gustavo Martinez, Universidad de Puerto Rico -
Recinto de Mayagüez, Departamento de Cultivos y Ciencias Agroambientales, y Luis Pérez-
Alegria, Departamento de Ingenieria Agricola y Biosistemas. Correo Electrônico: 
dsotomayor@uprm.edu 

RESUMEN: La escorrentia con concentraciones elevadas de nitrôgeno (N) y de fôsforo (P) 
proveniente de suelos agricolas contribuye a la reducciôn en la calidad de las aguas 
superficiales. Se estudiaron las relaciones entre niveles de Ρ extraible en suelo, niveles de 
aplicaciôn de estiércol bovino, y tiempo transcurrido entre la aplicaciôn de la enmienda y la 
precipitaciôn sobre las concentraciones de Ν, Ρ y sedimentos en la escorrentia de un suelo de 
la serie Humatas arcilloso (Typic Haplohumults) bajo la producciôn de forraje (Brachiar ia 
decumbens). Suelos con niveles (Bray 1) "bajos" (30 a 90 mg P/kg) y "altos" (120 a 200 mg Ρ/ 
kg) se enmendaron con una aplicaciôn baja (15.5 kg N/ha y 5.6 kg P/ha) y alta (31 kg N/ha y 
11.2 kg P/ha) de estiércol bovino y se sometieron a simulaciones de lluvia con intensidad de 70 
mm/h para producir 30 minutos de escorrentia. Las concentraciones de Ρ disuelto y Ρ total en 
la escorrentia fueron mayores en los suelos con mayor contenido de Ρ extraible, y se 
incrementaron con la aplicaciôn alta de estiércol (P<0.05). No hubo diferencias significativas en 
las concentraciones de nutrientes en suelos con "bajo" contenido de Ρ extraible con la 
aplicaciôn baja de estiércol y el suelo sin enmienda. La mayor pérdida de nutrientes fue hasta 
ocho dias posterior a la aplicaciôn. En suelos sin precipitaciôn por 30 dias las concentraciones 
de Ρ se redujeron debido a la fijaciôn de Ρ en el suelo. 

Palabras Clave: Escorrentia, Fôsforo, Enmienda orgânica 
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THE POTENTIAL FOR IMPROVING LIMING AND RELATED SOIL MANAGEMENT 
PRACTICES BY FARMERS ON ACID SOILS IN TRINIDAD AND TOBAGO 

Gregory Gouveia, Department of Food Production, The University of the West Indies, St. 
Augustine, Trinidad 

ABSTRACT: The trust to expand agricultural production and improve food security in Trinidad 
and Tobago and many other islands in the Caribbean would likely see many of the less suitable 
marginal soils being farmed. Many of these soils are also very acidic; therefore, improving their 
pH would be essential to enhancing the nutrition and performance of many vegetable crops 
being grown. Some liming materials available on the market include agri-lime, hydrated lime, 
Cal-Mag (dolomitic lime) and burnt lime, all essentially only sparingly soluble. The solubility of 
hydrated lime is about 100 times that of agri-lime but costs about 6 to 10 times more per unit 
mass. Agri-lime (CaC03) has a solubility in water of not more than 14 ppm, whereas that of 
hydrated lime [Ca(OH)2] is about 1,400 ppm. For agri-lime this is a solubility of just about 7 mg 
for every kilogram of soil with about 50% water holding capacity. This value extrapolates to 
about 14 kg per ha of soil if the lime is incorporated down to about 15 cm. Normal lime rates 
would exceed 1,000 kg per ha; despite the improved solubility in soils due to the presence of 
weak carbonic acid, many wetting cycles are necessary to dissolve that lime, thus requiring 
weeks to months in the soil for complete dissolution. A survey was, therefore, conducted on a 
number of vegetable farming areas in acid soils of Trinidad and Tobago to determine liming and 
other soil management practices and crop yields. Soil samples were collected from each farm 
and analyzed for pH and other relevant properties. Practices by farmers, soil test data and crop 
yields will be analyzed to establish whether any significant correlation exists. The aim is to 
periodically survey these farms collecting data described above to eventually develop sound soil 
management practices with the various acid soils, emphasis being on efficient liming practices. 
A range of laboratory methods would be evaluated as well to identify the most suitable lime 
requirement technique for these acid soils. The findings of this study will be provided in the 
paper. 

Keywords: Acid soils, Liming, Lime requirement 
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EVALUACIÔN DE LA MINERALIZACIÔN DE NITRÔGENO EN AGROSISTEMAS DE CAFÉ 
(COFFEA ARABICA L.) SOBRE UN ULTISOL EN PUERTO RICO 

Glenny Lôpez-Rodriguez, Instituto Dominicano de Investigaciones Agropecuarias y Forestales 
(IDIAF), David Sotomayor-Ramirez y Eduardo Schröder, Universidad de Puerto Rico, Recinto 
de Mayagüez. Correo Electrônico: glopez@idiaf.org.do 

RESUMEN: La descomposiciôn de la materia orgânica y el proceso de mineralization del 
nitrôgeno orgânico en el suelo son procesos fundamentales en el ciclo del nitrôgeno (N) que 
contribuyen con la nutrition de los cultivos. La plantation de café demanda la aplicaciôn 
intensiva de fertilizantes. En Puerto Rico se han recomendado dosis desde 170 hasta 340 kg 
de N/ha/ano en plantaciones mayores de cuatro anos de establecidas. Con la finalidad de 
conocer la capacidad del suelo para suplir N, se evaluô la mineralization del N orgânico in situ 
de un Ultisol bajo dos agrosistemas: café al sol (CSL) y café bajo sombra (CSM) versus bosque 
secundario (BQS) durante 24 semanas en la localidad de Las Marias (18° 14' 42" latitud norte, 
67° 00' 26" longitud oeste, altitud: 290 msnm). El N mineralizado se determinô por el método de 
micro Kjeldahl. Se encontre diferencia significativa (P<0.05) entre CSM y CSL y entre BQS y 
CSL con relation a la tasa de mineralization de N (NMIN), siendo mayor en BQS y CSM que 
en plantaciones de CSL. El promedio de NMIN arrojô valores de 2.8, 5.6 y 5.8 mg N/kg/semana 
para CSL, CSM y BQS, respectivamente, durante el periodo evaluado, con una tasa de NMIN 
cumulativa anual de 101.2, 48.8 y 96.4 mg N/kg en CSM, CSL y BQS, respectivamente. En 
estos casos, las principales fuentes de NMIN en el suelo podrian derivarse de las fracciones 
nitrogenadas mâs labiles de la materia orgânica. Durante el desarrollo del experimento se 
observaron fluctuaciones en la humedad del suelo, lo cual pudo afectar la estimation del N 
mineralizado. 

Palabras Clave: Mineralization, Nitrôgeno, Café 
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E V A L U A T I O N O F T H E P R O D U C T I V I T Y O F L O O S E - L E A F L E T T U C E (LACTUCA SATIVA) 
U S I N G D I F F E R E N T M E D I U M M A T E R I A L S 

Ian Chapman, Department of Agriculture St. Kitts. Email: ichel31@hotmail.com 

ABSTRACT: Over the years filter press mud has been the predominant source of organic 
manure in vegetable production in St. Kitts. The government of St. Kitts and Nevis has made an 
economic decision to close the sugar industry, thus the source of the filter press mud will be 
depleted over the years. The main objective of this study was to assess the effect of manures 
on the growth parameters of loose-leaf lettuce. A research site was established at the 
Department of Agriculture, St. Kitts, with a Golden Rock Sandy Loam soil from September to 
November 2006. The treatments included poultry and sheep manure, filter press mud and soil. 
A randomized complete block design was used at this site with the four treatments, each with 
five replicates. Ground cover, head weight and diameter, yield, and LAI were measured. 
Analysis for E. coli showed that all lettuce grown in the treatments was safe for human 
consumption according to the standards of the Institute of Food Science and Technology. The 
results showed that the different organic materials caused no significant differences in yield, 
head weight or diameter. It was concluded that poultry and sheep manure could be used as an 
alternative source of organic matter to replace filter press mud in lettuce production, keeping in 
mind that organic matter must be well decomposed before being applied to the soil. 

Keywords: Loose leaf lettuce, Poultry manure, Yield 
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EFECTO DEL PASTOREO SOBRE LA CALIDAD Y CANTIDAD DE FORRAJE EN UNA 
PRADERA 

Pedro A. Nunez, Rolando Demanet y Maria de la Luz Mora, Instituto Dominicano de 
Investigaciones Agropecuarias y Forestales (IDIAF). Correo Electrônico: pnunez@idiaf.org.do 

RESUMEN: Los principales problemas de la ganaderia de Chile son la baja producciôn de la 
pastura, la escasez de forraje, el bajo contenido de proteina cruda y alto contenido de fibras en 
el forraje, el manejo inadecuado del pastoreo y el uso de nutrientes en la pradera. El objetivo 
del experimento fue evaluar el efecto de la frecuencia e intensidad del pastoreo en el 
rendimiento y calidad del forraje de una pastura permanente del sur de Chile. Se evaluaron 
cinco tratamientos: i) frecuente intenso (FI); ii) frecuente suave (FS); iii) poco frecuente intenso 
(PFI); y iiii) poco frecuente suave (PFS); y un control sin pastoreo (C). Los resultados mostraron 
que el rendimiento de la pradera fue afectado por la intensidad de pastoreo, siendo superior en 
FI con 10.3 ton materia seca (MS)/ha/ano (P<0.05), y en PFI con 9 ton MS/ha/ano (P<0.05), 
siendo superior en la estaciôn de primavera (4.5 a 4.7 ton MS/ha) e inferior en verano (1.5 a 1.6 
ton MS/ha) e invierno (1.7 a 1.2 ton MS/ha) en FI y PFI (P<0.05). En términos de calidad de 
forraje, FI fue superior durante la temporada, con valores de proteina cruda (PC) entre 14 y 
20%; fibra detergente neutra (FDN) entre 47 y 57%; fibra detergente âcida (FDA) entre 24 y 
32%; y energia metabolizable (EM) de 2.3 a 2.6 Mcal/kg MS (P<0.05). El pastoreo intenso 
generô mayores rendimientos y mayor calidad de forraje, independientemente de la frecuencia 
de pastoreo, siendo la estrategia de pastoreo mâs recomendable en comparaciôn al pastoreo 
suave. 

Palabras Clave: Pastura, Frecuencia, Chile 
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CONTENIDOS DE MATERIA ORGÄNICA EN SUELOS CAFETALEROS DE CUATRO 
PROVINCIAS DE LA REPÛBLICA DOMINICANA 

Pedro Nunez, Isidro Almonte, Benjamin Toral, Francisco Ceballos, Héctor Jiménez, Amadeo 
Escarramân y José Cepeda, Instituto Dominicano de Investigaciones Agropecuarias y 
Forestales (IDIAF), Repûblica Dominicana. E-mail: pnunez@idiaf.org.do 

RESUMEN: En la Repûblica Dominicana las fincas cafetaleras se caracterizan por la 
variabilidad de sus suelos y clima. En la region sur del pais, la productividad de café es baja 
(<300 kg café pergamino/ha). Estos bajos rendimientos requieren de una explicaciôn técnica. 
En general, los rendimientos del cultivo de café dependen de mûltiples factores, incluyendo la 
fertilidad del suelo que esta asociada a su contenido de materia orgânica. El objetivo de esta 
investigaciôn fue determinar los contenidos de materia orgânica (MO) en fincas cafetaleras de 
cuatro provincias del sur de la Repûblica Dominicana (Barahona, Pedernales, Bahoruco e 
Independencia). En las zonas cafetaleras de estas provincias predominan suelos Entisoles e 
Inceptisoles. Se colectaron 259 muestras de suelo en fincas de 32 localidades. Se determine» el 
contenido de MO por el método de Walkey y Black. Los mayores contenidos promedios de MO 
se presentan en los suelos de Barahona, con 7.37% y error estândar (ee)=±0.257; y 
Pedernales, con 7.23% (ee=±0.425). En las cuatro provincias los contenidos de MO oscilaron 
entre 0.85% y 14.8%. La variaciôn podria ser atribuida a la variabilidad de pendiente, 
porcentajes de sombra del cafetal, densidad de siembra y condiciones climâticas 
caracteristicas de cada provincia. Sin embargo, la MO en la mayoria de los suelos evaluados 
se encuentra en niveles ôptimos para el cultivo de café (3.5 a 6.5%), a pesar de los bajos 
rendimientos en la region. 

Palabras Clave: Café, Materia Orgânica, Suelos 

163 



Proceedings of the Caribbean Food Crops Society. 45: 176-187. 2009 

TAKING THE W A R A G A I N S T INVASIVE SPECIES OFFSHORE: THE CASE OF THE 
PASSIONVINE MEALYBUG, PLANOCOCCUS MINOR (MASKELL) IN TRINIDAD A N D 
T O B A G O 

Antonio W. Francis, Moses T. Kairo, and Amy L. Roda, FAMU CESTA Center for Biological 
Control, Florida A&M University. Email: t francis@ufl.edu 

A B S T R A C T : The passionvine mealybug, Planococcus minor (Maskell), is a polyphagous pest 
that is native to Asia, but has been recorded in several countries in the Caribbean, Central and 
South America. It therefore poses a threat to uninfested countries in the region and the US 
mainland. However, there have been no major outbreaks reported in the respective countries. 
One of the objectives of our research was to confirm the presence of the mealybug on the island 
of Trinidad, assess its pest status and identify the main host plants, and also conduct surveys to 
identify natural enemies. Planococcus minor was found at various locations and was positively 
confirmed as such via molecular diagnostic techniques. Our results suggest that this mealybug 
is restricted to a few host plants. Theobroma cacao is the most important host; this pest prefers 
to feed on the pods. Populations were low at all locations; they were attacked by a complex of 
natural enemies, including both predators and parasitoids. Two important parasitoids recovered 
were Leptomastix dactylopii Howard and Coccidoxenoides perminutus Girault. This natural 
enemy complex may explain the low prevalence of P. minor. The knowledge generated will 
allow for better preparedness, thus saving considerable time should this mealybug pest be 
introduced into uninfested countries, and will guide complementary research in affected 
countries. 

Keywords: Biological control, Invasive species, Planococcus minor 
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EVALUACIÔN DE FUNGICIDAS ORGÄNICOS Y SELECTIVOS EN EL CONTROL DE 
ENFERMEDADES FOLIARES EN CUNDEAMOR ( MOMORDICA CHARANTIA L.) 

Thania Polanco y Colmar A. Serra, Investigadores, Fitopatôloga y Entomôlogo (lider del 
proyecto), CENTA, Instituto Dominicano de Investigaciones Agropecuarias y Forestales (IDIAF), 
thania.polanco@gmail.com , colmar.serra@gmx.net 

RESUMEN: El objetivo de la présente investigaciôn fue evaluar productos de origen orgânico, 
selectivos y un inductor de resistencia en el control de las enfermedades del cundeamor. El 
primer experimento se realizô en La Ceibita de Rincôn, La Vega, durante el periodo septiembre 
2006 a febrero 2007. En la investigaciôn se utilizô un diseno de bloques completos al azar con 
ocho tratamientos y cuatro repeticiones. Los tratamientos consistieron en cuatro aceites 
vegetales (Agrioil® 0.1%; Aceite de naranja dulce 0.1%; Biolife® 0.1%; Aceite de nim 0.1%); un 
fungicida micobiolôgico (Mycobac®, Trichoderma lignorum)·, un fungicida selectivo (Amistar® 
0.40 g/L); un inductor de resistencia, Acibenzolar-S-metil (Bion®, 110.7 g/ha); y un testigo 
(agua mâs el coadyuvante AgroFilm 20L® a 1 L/ha). El experimento tenia 32 parcelas de 54 
m2 cada una, que ocupaban un ârea de 1,728 m2, con un marco de plantaciôn de 1.7 m entre 
hileras y 4.0 m entre plantas (1,480 plantas/ha) y un ârea util de 27 m2/parcela). Las variables 
evaluadas fueron la incidencia y severidad de sintomas, asi como rendimiento. Mediante el uso 
del fungicida selectivo y el inductor de resistencia, se obtuvieron resultados significativos en la 
reducciôn de la severidad de sintomas de enfermedades foliares en Cundeamor causadas por 
Fusarium sp. y Alternaria sp.; esta reducciôn resultô en el aumento de la producciôn y calidad. 
Algunos aceites, âcidos orgânicos y Trichoderma lignorum superaron al testigo, pero no 
incrementaron significativamente los rendimientos. El segundo experimento se realizô en El 
Pinito, La Vega, durante el periodo de junio 2007 a noviembre 2007. En la investigaciôn se 
utilizô un diseno de bloques completos al azar con seis tratamientos y cuatro repeticiones. Los 
tratamientos consistieron en cuatro aceites vegetales (Aceite de nim al 0.2 % ο al 0.4%; 
Agrioil® 0.1%; Biolife® 0.1%); un inductor de resistencia (Acibenzolar-S-metil (Bion®, 110.7 
g/ha); y un testigo comercial, sulfato de cobre pentahidratado (Hachero® 0.40 g/L). El 
experimento tenia 24 parcelas de 54 m2 cada una, que ocupaban un ârea de 1,296 m2, con un 
marco de plantaciôn y metodologia de evaluaciôn similar a aquella del primer ensayo. El sulfato 
de cobre pentahidratado (Hachero® 0.40 g/L) y el inductor de resistencia (Acibenzolar-S-metil, 
Bion®, 110.7 g/ha) causaron una reducciôn significativa en la severidad de los sintomas 
foliares, causados por Fusarium sp., lo que resultô en el aumento de la producciôn y calidad. La 
mezcla de aceites y los âcidos orgânicos ocuparon una posiciôn intermedia en la reducciôn de 
la severidad. La severidad fue mayor en los tratamientos a base de nim. En cuanto a 
rendimiento, se obtuvieron diferencias entre los tratamientos, siendo mayor con el sulfato de 
cobre pentahidratado; los demâs tratamientos no presentan diferencias significativas entre 
ellos. 

Palabras Clave: Vegetales Orientales, manejo integrado de enfermedades fungosas, Fusarium 
sp., Alternaria sp., productos orgânicos y selectivos. 

ABSTRACT: The objective of the present study consisted in the evaluation of products of 
organic origin, selectives and an inductor of resistance in the control of foliar diseases in bitter 
gourd. The 1st experiment was implemented in La Ceibita de Rincôn, La Vega, during the 
period September 2006 to February 2007. The experiment included four completely randomized 
blocks and eight treatments: four vegetable oils-(Agrioil® 0.1%; orange-seed oil 0.1%; Biolife® 
0.1%; neem-seed oil 0.1%), a mycobiological fungicide (Mycobac®, Trichoderma lignorum)·, a 
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selective fungicide (Amistar® 0.40 g/L), an inductor of resistance (Acibenzolar-S-meti l, Bion®, 
110.7 g/ha); and a check (water plus the surfactant AgroFi lm 20L® at 1 L/ha). The experiment 
covered 32 plots of 54 m2 each, ocupying an area of 1,728 m2; plants were at 1.7 m between 
lines and 4.0 m between plants (1,480 plants/ha), a net area of 27 m2/plot). The evaluated 
parameters were incidence and severity of symptoms and yields. Through the use of a selective 
fungicide and the inductor of resistance, significant results were achieved, reducing the severity 
of symptoms of foliar diseases in bitter gourd caused by Fusarium sp. and Alternaria sp. The 
result was an increase of the production and of quality of fruits. Some oils, organic acids, and 
Trichoderma lignorum performed better than the check, but did not significantly increase the 
yields. The 2nd experiment was achieved in El Pinito, La Vega, during the period June 2007 to 
November 2007. In the research, four replicates and six treatments were established: four 
vegetable oils (neem-seed oil at 0.2 % or at 0.4%; Agrioil® 0.1%; Biolife® 0.1%); an inductor of 
resistance (Acibenzolar-S-meti l Bion®, 110.7 g/ha); and a commercial check (copper sulphate 
pentahydrate, Hachero® 0.40 g/L). The experiment included 24 plots of 54 m2 each, ocupying 
an area of 1,296 m2; the plants were spaced and the trial was evaluated as in the 1st trial. The 
copper sulphate and the inductor of resistance showed a significant reduction concerning the 
severity of foliar symptoms, thus increasing the fruit yields and quality. The mixture of oils and 
organic acids reached an intermediate position in the reduction of severity of symptoms, 
whereas severity was superior in the neem-based treatments. Significant differences were 
obtained between the treatments concerning yields, being superior in plots treated with copper 
sulphate. No further significant differences were obtained among the other treatments. 

Keywords: Oriental vegetables, Integrated management of fungal diseases, Fusarium sp., 
Alternaria sp., Organic and selective products 

ANTECEDENTES Y JUSTIFICACIÔN 

Las enfermedades foliares provocadas por un complejo de hongos, principalmente de 
los géneros Fusarium y Alternaria, son un factor limitante para la producciôn de vegetales 
orientales de la familia cucurbitâcea, especialmente cundeamor y musu (Luffa spp., 
Cucurbitaceae). Recientemente se han formulado aceites agricolas vegetales, derivados de 
semillas de nim, semillas de guanâbana, semillas de citricos, entre otros productos utilizados 
como plaguicidas en la agricultura orgânica, principalmente en el cultivo de banano. Estos 
productos mejoran la cobertura y penetrat ion de los fungicidas y actuan como fungistâticos. 
Dichos productos son aceptados por las normas internat ionales que regulan las exportaciones 
de vegetales y frutas a diferentes paises; sin embargo, se desconoce su potent ia l en el 
manejo de enfermedades que ocurren en las especies de vegetales orientales cultivadas en la 
Repûblica Dominicana. Estudios realizados en el control de 'Sigatoka negra' indican que 
mantienen niveles comercialmente aceptables bajo condiciones de alta presiôn e infect ion de 
la enfermedad. Es la primera vez que se realizan en el pais evaluaciones de este producto en 
vegetales orientales. En el pais se conoce su efectividad en trabajos realizados por Mejia et al. 
(2006) para el control de la 'Sigatoka negra' en plâtano. 

El Azoxystrobin es un fungicida sistémico que pertenece al grupo de 'nueva generat ion ' 
de las estrobilurinas, al igual que el Pyraclostrobin. Se trata de derivados sintéticos de 
compuestos que se producen naturalmente (Strobilurus tenacellus) con una actividad 
antifungica de amplio espectro y que se utilizan en una amplia gama de cultivos para el control 
de enfermedades foliares (Gullino, 1998). 

El Acibenzolar-S-meti l es una molécula que activa el mecanismo de resistencia natural 
de las plantas a las enfermedades fungosas y bacterianas. Este mecanismo de resistencia se 
conoce como Resistencia Sistemâtica Activada (SAR) y esta defensa de las plantas al ataque 
de enfermedades ha sido demostrada en varias familias de plantas, incluyendo las 
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cucurbitâceas (Huang 2000; Hammerschmidt & Ku'c, 1995; Kessmann et al., 1994; Caruso & 
Ku'c, 1979; Martyn et al., 1991). 

El Biolife® es una mezcla de âcidos orgânicos (âcidos citrico, lâctico y ascôrbico) y es 
utilizado para el control de 'Sigatoka negra' en banano orgânico. El fungicida micobiolôgico a 
base del hongo Trichoderma lignorum es recomendado como inhibidor de hongos del suelo 
como los géneros Pythium, Phytophthora, Rhizoctonia, Sclerotinia, Sclerotium y Fusarium. Sin 
embargo, ha sido usado para contrarrestar enfermedaes foliares. 

Dichos productos son aceptados por las normas internacionales que regulan las 
exportaciones de vegetales y frutas a diferentes paises; sin embargo, se desconoce su 
potencial en el manejo de enfermedades que ocurren en las especies de vegetales orientales 
cultivadas en la Repûblica Dominicana. 

Como objetivo general del estudio se planteô evaluar productos orgânicos y selectivos 
para un programa de manejo Integrado de enfermedades en vegetales orientales. Se persiguiô 
determinar la incidencia y severidad de las enfermedades foliares (Fusarium sp. y Alternaria 
sp.) présentes en el cultivo de cundeamor, y su relat ion con las condiciones climâticas en el 
ârea de evaluat ion. Ademâs, otro objetivo era evaluar el potencial de aceites vegetales, un 
fungicida micobiolôgico, y un inductor de resistencia en comparaciôn con un producto quimico 
en el manejo de enfermedades foliares en cundeamor. Otro objetivo fue determinar la influencia 
del manejo de las enfermedades foliares sobre el rendimiento y la calidad de los frutos. Se 
realizaron dos ensayos en cundeamor para lograr los objetivos: 

MATERIALES Y MÉTODOS 

El experimento 1 se realizô en la finca de un exportador de vegetales orientales en La 
Ceibita de Rincôn, La Vega, durante el periodo de septiembre 2006 a febrero 2007; el 
experimento 2 se realizô en El Pinito, La Vega, durante el periodo de junio 2007 a noviembre 
2007. Se utilizaron disenos con cuatro bloques completos al azar (repeticiones) con ocho ο seis 
tratamientos, respectivamente (Cuadro 1). Los experimentos contenian 32 ô 24 parcelas de 54 
m2 cada una, en un ârea de 1,728 ô 1,296 m2, respectivamente, con un marco plantat ion de 1.7 
m entre hileras y 4.0 m entre plantas (1,480 plantas/ha) y un ârea ûtil de 27 m2/parcela. Se 
utilizaron plantas de cundeamor de 45 dias de edad, obtenidas bajo condiciones de 
invernadero. Las aplicaciones se realizaron a partir de la apariciôn de los primeros sintomas y 
desde enfonces cada 15 dias por un periodo de très meses. 

Los tratamientos consistieron en cuatro aceites vegetales, un fungicida micobiolôgico, 
un fungicida selectivo, un inductor de resistencia y como testigo un adherente y coadyuvante 
natural. El resumen de los tratamientos, los nombres comerciales y sus respectivas dosis se 
présenta en el Cuadro 1. Las aplicaciones se realizaron a partir de la apariciôn de los primeros 
sintomas y luego cada 15 dias (02/10/2006-17/01/2007) por un periodo de très meses ο por un 
periodo de dos meses (26/07-19/09/2007), respectivamente. 
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Cuadro 1. Descr ipciôn y dosis de los t ratamientos (Ensayos 1 y 2) 

Ens.1 Tratamientos y descr ipc iôn Ens.2 

T1 Testigo (adherente y coadyuvante natural AgroFilm 20L® 1L/ha) 
— 

T2 Mezcla de aceites (Agriol® 0.1% + adh. T1) T3 

T3 Aceite de naranja dulce 0.1% (+ adh. T1) 

T4 Aceite de nim 0.1% (+adh. T1) / 0.2% T1 

Aceite de nim 0.4% (+adh. T1) T2 

T5 Âcidos orgânicos (Biolife® 0.1%) T4 

T6 Fungicida micobiolôgico: Trichoderma lignorum (Mycobac®) 100g/ha — 

T7 Inductor de resistencia, Acibenzolar-S-metil (Bion®) 110.7 g/ha T5 

T8 Azoxystrobin (Amistar®) 0.04% 

Sulfato de cobre pentahidratado (Hachero® + adherente) 0.04% T6 

Evaluaciones: 

Las variables evaluadas fueron incidencia, severidad, y rendimiento, en base a los 
sintomas desarrollados (Figura 1), considerando el porcentaje de hojas con sintomas; 
semanalmente se clasificaron las hojas con sintomas segun una escala de 0 a 4, donde 0 = 
ausencia de sintomas, y 4 = ârea foliar necrotizada (Figura 1). Se consideraron cuatro plantas 
por parcela ârea de 1 m2 seleccionadas al azar. 

Figura 1. Escala (0 a 4) utilizada para la evaluaciôn del desarrollo de los sintomas de 
enfermedades foliares (T. Polanco) 

El rendimiento se evaluô a base de peso de frutos cosechados dos veces por semana 
en una parcela interior y considerando las dos hileras centrales de las parcelas. Se realizaron 
un total de 18 cosechas. 
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RESULTADOS Y DISCUSIÔN 

Ensayo Cundeamor 1 
En la Figura 5 estân representadas hojas de cundeamor con sintomas tipicos del 

complejo de enfermedades foliares provocado por Fusarium sp. y Alternaria sp. Se observan 
puntos marrones, amarillamiento y necrosis en las hojas. En la Figura 2 se pueden relacionar 
los principales datos metereolôgicos obtenidos con el desarrollo de sintomas de enfermedades 
foliares en hojas de cundeamor, segun la escala de severidad (0 a 4) durante 15 semanas 
(02/10/06 a 17/1/07). Se reconoce un bajo nivel entre 0 y alrededor de 1 en todos los 
tratamientos durante las primeras cinco semanas. Se observan dos picos generalizados en 
cuanto a la expresiôn de sintomas, el primero en la semana #7 y el segundo en la semana #12, 
coincidiendo con periodos de relativamente pocas precipitaciones después de semanas 
lluviosas. La tendencia de incremento esta interrumpida en la semana #8, lo que se puede 
explicar con una pérdida cuantiosa de hojas infectadas y la regeneration de las plantas. 

9 10 11 12 13 14 15 16 
4 -I — T e s t i g o —•—Mezcla Aceites 

—a— Ac. Naranja dulce —t—Ac. Nim 
—•—Acidos organ. Γ. lignorum 
—1—Acibenzolar-S-metil —Azoxystrobin 

8 9 10 11 12 13 14 15 

Figura 2. Severidad de las enfermedades de cundeamor en parcelas tratadas con 
diversos productos fungicidas bajo la influencia del clima durante 15 semanas 

(02/10/06 a 17/01/07), Rincôn, La Vega 
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Coincidiendo con un periodo de mayor lluvia (semana #9), la severidad de sintomas 
vuelve a aumentar de nuevo hasta la semana 12, para luego decaer levemente. Mediante el 
uso del fungicida selectivo Azoxystrobin y el inductor de resistencia, Acibenzolar-S-meti l , se 
obtuvieron resultados significativos en la reducciôn de la severidad de sintomas de 
enfermedades foliares en Cundeamor causadas por los hongos f i topatôgenos Fusarium sp. y 
Alternaria sp., resultando en el aumento de la producciôn y calidad. 

A partir de la sexta semana y después de un periodo de très semanas de relativa 
humedad, la severidad de los sintomas aumenta notablemente y se notan diferencias mâs 
marcadas, especialmente entre las variantes mâs afectadas (Testigo y Aceite de Nim) y las 
mâs efectivas (inductor de resistencias, Acibenzolar-S-meti l , y el fungicida selectivo 
Azoxystrobin). Los demâs productos, los orgânicos, ocuparon posiciones intermedias. Después 
de la séptima semana, hay una fuerte reducciôn de sintomas encontrados en las hojas, lo que 
pudo haber sido consecuencia de un periodo de cuatro semanas de relativamente poca 
precipitaciôn, ademâs de la renovaciôn de hojas por las plantas. Sin embargo, a partir de ahi se 
présenta un fuerte incremento entre las semanas 9 y 12. Los indices de severidad se 
mantienen ο se reducen levemente durante las ultimas très semanas, dentro de las tendencias 
anteriormente mencionadas. 

Cuadro 2. Hojas de cundeamor infectadas y severidad media de s intomas 
(02/10/06 a 17/01/07), Rincôn, La Vega 

Tratamientos Hojas infectadas/m2 Severidad (0-4) 
T1. Testigo 11.29 f 2.48 e 
T4. Aceite de nim 10.53 ef 2.28 de 
T6. Micobiolôgico 8.65 de 1.95 d 
T3. Aceite de naranja dulce 8.10 cde 1.80 cd 

T5. Âcidos orgânicos 6.13 abc 1.40 be 
T2. Mezcla de aceites 6.75 bed 1.35 be 
T7. Acibenzolar-S-meti l 4.77 ab 1.13 ab 
T8. Azoxystrobin 3.86 a 0.85 a 

Pr>F P< 0.0001 * * * 0.0001*** 
DMS (Tukey, P< 0.05) 2.46 0.47 
Coef. de Variaciôn 13.86 12.15 

Letras distintas en la misma columna indican diferencias significativas (p< 0.05) 

Los promedios de hojas infectadas por metro cuadrado y de los indices de severidad, 
evaluados a través de 15 semanas, se presentan en el Cuadro 2; los resultados muestran que 
los niveles mayores se alcanzaron en el tratamiento testigo, seguido por el aceite de nim, el 
fungicida micobiolôgico, los aceites, y âcidos orgânicos. La menor expresiôn de sintomas se 
observô en las variantes mâs efectivas (T8 Azoxystrobin y T7 Acibenzolar-S-meti l), que 
superaron signif icativamente a los demâs, con excepciôn de la mezcla de aceites (T2) y aquella 
a base de âcidos orgânicos (T5), que fueron similares al inductor de resistencias (T7). Algunos 
aceites (T3 y T2), âcidos orgânicos (T5) y el fungicida micobiolôgico de Trichoderma lignorum 
(T6) superaron al testigo de manera significativa, pero no incrementaron signif icativamente los 
rendimientos (Cuadro 3). 

Se obtuvieron diferencias significativas entre los rendimientos de los tratamientos, 
superando los T7 y T8 de manera muy importante a los demâs. Los demâs tratamientos no 
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presentaron diferencias significativas entre ellos, tanto en cuanto a pesos totales de frutos 
como en cantidades de frutos de calidad, logrando aumentos de alrededor de 50%. AI mismo 
tiempo, los T7 y T8 tuvieron la partida mâs reducida de frutos de rechazo, mientras que las 
variantes menos efectivas, el testigo (T1) y el aceite de Nim (T4), mostraron la cantidad mâs 
alta. 

Cuadro 3. Rendimientos en pesos de frutos de cundeamor segun su calidad (18 cosechas), 
Rincôn, La Vega 

Tratamientos Pesos Frutos Frutos de Rechazos 
totales t/ha calidad x000/ha 

x000/ha 
T1. Testigo 9.29 a 34.35 a 18.33 d 
T2. Mezcla aceites 10.53 a 38.98 a 13.43 bed 
T3. Aceite de naranja dulce 10.40 a 37.59 a 14.26 cd 
T4. Aceite de nim 9.10 a 33.52 a 17.87 d 

T5. Âcidos orgânicos 9.95 a 35.46 a 10.93 abc 
T6. Micobiolôgico 10.02 a 38.33 a 12.22 abed 
T7. Acibenzolar-S-metil 16.08 b 54.63 b 6.85 ab 
T8. Azoxystrobin 16.83 b 57.69 b 6.39 a 

Pr>F P< 0.0001*** 0.0001*** 0.0001*** 
DMS (Tukey, P< 0.05) 2.11 7.34 6.59 
Coef. de Variation 7.73 7.49 22.16 

Letras distintas en la misma columna indican diferencias significativas (p< 0.05) 

Ensayo Cundeamor 2 

La metodologia de evaluation utilizada fue similar al ensayo anteriormente descrito 
basado en una escala de 0 a 4 (Figura 1). Para determinar los rendimientos, se realizaron siete 
cosechas (10/10 - 31/10/07). 

Los datos climâticos obtenidos a menos de 10 km del ensayo (Figura 3) muestran un 
prolongado periodo sin apenas precipitaciones, excepto la segunda y tercera semana de 
septiembre (263 y 154 mm/semana) y la cuarta de octubre (562 mm/semana), en las cuales 
hubo severas lluvias e inundaciones, lo que en el caso de la ultima afectô la continuidad del 
ensayo. En el mismo periodo, la humedad relativa se redujo apenas entre 90.9% al comienzo y 
87.5% al final del mismo. De forma similar al ensayo anterior, las curvas de severidad en la 
expresiôn de sintomas muestran dos picos, durante la 4ta semana, y entre la 7ma y 9na 
semana, interrumpiéndose el ascenso apenas durante la 5ta semana, a pesar del periodo con 
escasa precipitation (Figura 4). 
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Figura 3. Datos climâticos semanales para el ensayo Cundeamor 2 (01/07-31/10/07) 
obtenidos en Las Cabuyas, La Vega 

-x-Aceite Nim 0.2% 
Âcidos Orgânicos 

-Aceite Nim 0.4% 
-Acibenzolar-S-metil 

- Mezcla Aceites 
- Sulfato de Cobre 

4 5 6 7 8 

Semanas (26/07-26/09/07) 
P r o m . 

Figura 4. Severidad de las enfermedades de cundeamor en parcelas tratadas con 
diversos productos fungicidas bajo la influencia del cl ima durante nueve semanas, 
El Pinito, La Vega 
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El sulfato de cobre pentahidratado (Hachero® 0.40 g/L) (T6) y el inductor de resistencia, 
Acibenzolar-S-meti l (Bion®, 110.7 g/ha) (T5) mostraron una reducciôn significativa en la 
severidad de los sintomas de las enfermedades foliares en cundeamor, causadas por Fusarium 
sp., resultando en el aumento de la producciôn y calidad. El Cuadro 4 muestra los datos de los 
anâlisis estadisticos del parâmetro severidad, siendo mayor en los tratamientos a base de nim 
(T2). La mezcla de los aceites (T3) y los âcidos orgânicos (T4) ocuparon posiciones 
intermedias en la reducciôn de la severidad. 

Se obtuvieron diferencias entre los tratamientos en cuanto a los rendimientos, siendo 
superados por el sulfato de cobre pentahidratado. Los demâs no presentan diferencias 
significativas entre ellos (Cuadro 6). 

El présente trabajo y aquel realizado por Sânchez & Serra (aun no publ.) en musu 
confirman por primera vez en el pais la efectividad en vegetales orientales, especif icamente en 
cucurbitâceas, los resultados obtenidos en trabajos realizados por Mejia et al. (2006) para el 
control de la 'Sigatoka negra' en plâtano. 

Los resultados obtenidos por el inductor de resistencias Acibenzolar-S-meti l comprueba 
otros obtenidos en varias familias de plantas, incluyendo las cucurbitâceas (Huang, 2000; 
Hammerschmidt & Ku'c, 1995; Kessmann et al., 1994; Caruso & Ku'c, 1979; Martyn et al., 
1991). 

Cuadro 4. Severidad (0 a 4) de sintomas en hojas de cundeamor evaluadas 
(promedios/9 semanas: 26/07-26/09/07), El Pinito, La Vega 

Eval. : 1 Ρ-

Tratamientos0 

Eval. : 1 Ρ- Τ1 T2 T3 T4 T5 T6 

1Λ 0.0072** 0.81b 0.63ab 0.56ab 0.00a 0.00a 0.00a 

2 Λ 0.003 Γ * 0.75b 0.63b 0.56ab 0.00a 0.00a 0.00a 

3 0.0003*** 2.00b 2.00b 1.75b 2 . 1 3 b 0.50a 0.38a 

4 Λ 0.0027** 2.81d 2.63cd Ί 44abc 2 . 13 b c d 0.81ab 0.25a 

5 0.0003*** 2.00b 2.00b 1.75a 2 . 1 3 a 0.50a 0.38a 

6 0.0001*** 3.50bc 3.69e 2.56b 2.94be 0.88a 0.63a 

7Λ 
0.0009*** 3.69b 3.75b 3.00ab 3.56b 1.63a 1.31a 

8Λ 0.0007*** 3.81e 3.81e 3.19abc 3.56be 1.63ab 1.31a 

9Λ 0.0007*** 3.81e 3.81e 3.19abc 3.56be 1.63ab 1.31a 

0 Tratamientos: T1. Aceite de nim 0.2%; T2. Aceite de nim 0.4%; T3. Mezcla de aceites; T4. 
Âcidos orgânicos; T5. Inductor de resistencia, T6. Sulfato de cobre; 1Promedios en columnas 
marcadas con la misma letra no defieren significativamente (ns) (ANAVA, Tukey ο AKruskal-

Wallis, p<0.05) 
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Cuadro 5. Densidades de hojas de Cundeamor infectadas con Fusarium sp. y 
severidad promedio, El Pinito, La Vega 

Tratamientos Hojas Severidad 
infectadas/m (0 a 4) 

T1. Aceite de nim 0.2% + adherente 19.00 b 2.58 c 
T2. Aceite de nim 0.4% + adherente 20.25 b 2.55 c 
T3. Mezcla de aceites (Agrioil® 0.2%) + adherente 10.50 a 2.00 b 
T4. Acidos orgânicos (Biolife® 0.2%) + adherente 16.25 b 2.22 bc 
T5. Inductor de resistencia, Acibenzolar-S-metil (Bion®) 5.75 a 0.84 a 
T6. Sulfato de cobre (Hachera®) + adh. 3.25 a 0.62 a 
Pr>F p= 0.0012** 0.001*** 
LSD (Tukey, P< 0.05) KWA 0.4394 
Coef. Var. 13.70 10.62 
1Promedios en columnas marcadas con la misma letra no defieren significativamente (ns) 
(ANAVA, Tukey ο AKruskal-Wallis, p<0.05) 

Cuadro 6. Rendimientos en pesos y cantidades totales de frutos segun su calidad en 
Cundeamor (siete cosechas: 10/10-31/10/07), El Pinito, La Vega 

Tratamientos 1era. Rechazo Totales Frutos 
TM/ha TM/ha TM/ha x000/ha 

T1. Aceite de nim 0.2% 2,706.3a 487.5 3,193.8a 2,706.3a 
T2. Aceite de nim 0.4% 3,131.3a 1,137.5 4,268.8ab 3,131,3ab 
T3. Mezcla de aceites 4,003.8ab 300.0 4,303.8ab 4,003.8ab 
T4. Acidos orgânicos 5,206.3abc 662.5 5,868.8abc 5,206.3 bc 

T5. Acibenzolar-S-meti l 5,806.3 bc 425.0 6,231.3 bc 5,806.3 bc 
T6. Sulfato de cobre 7,458.8 c 1,118.8 8,527.5 c 7,458.8 c 
Pr>F p= 0.0002*** 0.0784ns 0.0005*** 0.0065** 
DMS (Tukey, P< 0.05) 2546.0 1048.7 2985.8 KWA 

Coef. de Variaciôn 23.48 66.29 24.07 23.91 

CONCLUSIONES 

Los resultados muestran la eficacia de las variantes de productos de ultima generat ion, 
el Azoxystrobin, y el inductor de resistencias en el manejo de enfermedades foliares, cuyos 
efectos son comparables a los de fungicidas convencionales como el sulfato de cobre, 
aumentando los rendimientos. El microbiolôgico basado en un hongo antagonista (Trichoderma 
lignorum) résulte» medianamente efectivo durante la etapa init ial, pero no pudo contener el 
desarrollo de las enfermedades foliares durante la segunda mitad del ensayo. Estos 
fungicidas/fungistâticos suelen ser altamente eficientes contra hongos del suelo, pero no 
aumentaron los rendimientos, al igual que los aceites de semilla de nim, que en las 
concentraciones probadas, no mostraron efectos aceptables. Sin embargo, con una actividad 
fungistâtica bastante aceptable, los tratamientos basados en mezclas de aceites y âcidos 
orgânicos también revelaron efectos en la reduct ion de los sintomas causados por 
enfermedades foliares. Estos productos podrân ser recomendados como alternativas dentro de 
programas de manejo integrado de enfermedades foliares en vegetales orientales, y de manejo 
de resistencias a fungicidas. Se sugiere su uso, al igual que el de otras variantes probadas, 
bajo condiciones que no favorecen mucho al desarrollo de la sintomatologia, dentro de un 
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p rog rams de mane jo de res is tencias a l te rnândose con los dos produc tos anter io rmente 
menc ionados en m o m e n t o s en que las cond ic iones c l imato lôg icas y feno lôg icas lo requieran. 
Su costo re la t ivamente mâs alto l imita su uso para cond ic iones mâs cr i t icas. 

F i g u r a 5. V is ta de p lantas de c u n d e a m o r ( M o m o r d i c a charantia, Cucurb i taceae) 
sanas e in fectadas por en fe rmedades fo l iares 

R E F E R E N C I A S 

Caruso, F.L. & J. Ku'c. 1979. Induced resistance of cucumber to Anthracnose and angular leaf spot by 
Pseudomonas lachrymans and Colletotrichum lagenarium. Physiological Plant Pathology 14:191-201. 

Gullino, M.L. 1998. Uses and Challenges with Novel Fungicides for Plant Disease Control. 7th International Congress 
of Plant Pathology. Scotland 9-16 Aug. Paper n° 5.6.1 S:2p. 

Hammerschmidt, R. 1995. Induced Resistance to Disease in Plants. Kluwer Academic Publishers, Amsterdam, The 
Netherlands. 182 pp. 

Huang, Y., B.J. Deverall, W.H. Tang, W. Wang, and F.W. Wu. 2000. Foliar application of acibenzolar-S-methyl and 
protection of postharvest rock melons and Hami melons from disease. European Journal of Plant Pathology 
106: 651-656. 

Kessmann, H., T. Staub, C.Hofmann, T. Maetzke, J. Herzog, Ε. Ward, S. Uknes & J. Ryals.1994. Induction of 
systemic acquired resistance in plants by chemicals. Annual Review of Phytopathology 32: 439-459. 

Martyn, R. 1991. Induced resistance to Fusarium wilt of watermelon under simulated field conditions. Plant Disease 
75: 874-877. 

Mejia, M., A. Santos, J. Borbôn & T. Polanco. 2006. Evaluation de productos naturales y selectivos en el control de 
la Sigatoka negra en Moca. Tesis para optar por el titulo de Ingeniero Agronomo, Universidad Autônoma de 
Santo Domingo (UASD), Santo Domingo, R.D. 

175 



Proceedings of the Caribbean Food Crops Society. 45: 176-187. 2009 

PLANT PROPAGATIVE MATERIAL AS A PATHWAY FOR THE MOVEMENT OF EXOTIC 
PLANT PESTS INTO AND WITHIN THE GREATER CARIBBEAN REGION 

A. Lemay, H. Meissner, and A. Koop, United States Department of Agriculture, Animal and Plant 
Health Inspection Service, 1730 Varsity Drive, Suite 300, Raleigh, North Carolina, USA 

ABSTRACT: Imports of plant propagative material (PM) may present a phytosanitary risk in two 
ways: 1) by introducing exotic plant pests associated with the PM, and 2) by introducing plants 
that themselves may become invasive. We found a high likelihood that pests, especially plant 
pathogens, are being spread between countries of the Greater Caribbean Region (GCR) 
through both legal and illegal movement of PM. Because of the relative ineffectiveness of visual 
inspection and the scarcity of diagnostic tests for pathogens, there is no easy solution to this 
problem. The PM pathway also leads to the spread of invasive plants in the GCR, where they 
cause considerable economic and environmental damage. Most invasive exotic plant species in 
the GCR were introduced on purpose. There are few safeguards in place to prevent this 
invasion from happening. Weed risk assessments and predictive weed screening tools may help 
mitigate this risk. This work was carried out in the framework of the CISWG Caribbean Pathway 
Analysis. The complete report can be accessed at: http://carribean-doc.ncsu.edu/index.htm. 

Keywords: Propagative material, invasive plants, invasive species, pest risk 

INTRODUCTION 

Plant propagative material (PM), also referred to as nursery stock, is any plant material 
capable of and intended for propagation, including buds, bulbs, corms, cuttings, layers, 
rhizomes, root clumps, scions, stolons, seeds, tubers, or whole plants. Propagative material is 
mainly imported for commercial nursery and horticulture uses, and uses in agriculture and 
forestry. Smaller quantities are imported for "plant exploration" by botanical gardens or 
researchers, or for planting by private collectors or homeowners. 

In the Greater Caribbean Region (GCR)5 the demand for PM is strongly linked to tourism 
development, and there can be great economic and political pressure to allow needed imports. 
Spikes in demand also tend to occur during renovation and reforestation efforts after hurricanes 
and other extreme weather events (Klassen et al., 2004). 

The trade of PM is a multi-billion dollar industry. The United States, Canada, Israel, and 
the Netherlands, are the major exporters of nursery products to the GCR (UNComtrade, 2008). 
Available data on the commercial trade of PM are categorized by harmonized tariff codes and 
do not contain the taxonomic identity of the imported commodities. Compounding the difficulties 
in understanding PM trade is that not all countries report their trade data (UNComtrade, 2008), 
and there is no way of quantifying the unofficial, unregistered trade that occurs among 
Caribbean nations. 

The United States maintains a database of plant genera it imports. Unfortunately, the 
data is not reported in consistent units of measurement, thus making quantitative comparisons 
impossible. In 2007, nearly 800 different plant genera were imported into the United States from 
21 countries of the GCR (USDA, 2008), mainly from Costa Rica, Guatemala, and Colombia. 

5 The GCR includes all countries bordering the Caribbean Sea, plus the Bahamas, Turks and Caicos, El 
Salvador, Suriname, Guyana, and the U.S. Gulf States (Florida, Alabama, Mississippi, Louisiana, and 
Texas) 
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Because the database lists only the genera and not the species of PM imported, a discussion of 
the potential risk posed by these imports is difficult. 

The purpose of this discussion is to highlight some concerns regarding the sale and 
planting of PM in the GCR and to provide recommendat ions towards the improvement of plant 
health and ecosystem safeguarding. 

RESULTS A N D CONCLUSIONS 

Plant Propagative Material as a Pathway for Plant Pests 

Infested or infected plant propagative material (PM) may be one of the primary and 
highest risk pathways through which plant pests and pathogens invade new areas (Palm and 
Rossman, 2003). Large numbers of pests move in association with PM. During 2007, 1,541 
pests of quarantine significance were intercepted at U.S. ports of entry in commercial shipments 
of PM from the GCR (Table 1) (USDA, 2008). Childers and Rodriguez (2005) found that most 
mites are not detected during port-of-entry inspections of PM, and presumably most other types 
of minute organisms are also missed. Mites can vector plant viruses, such as citrus leprosis 
virus, coffee ringspot virus, passion fruit green spot virus, l igustrum ringspot virus, and orchid 
fleck virus (Miranda et al., 2007). There are numerous viruses not yet present throughout the 
GCR that could cause significant economic damage if introduced and spread within the GCR by 
mites occurring there (CABI 2007). Most pathogens are extremely likely to escape detection. 
Out of the 1,285 pest interceptions on PM entering Miami from the GCR in 2007, fungi were 
intercepted only 39 times (<17 species), and no interceptions of viruses, bacteria, or 
phytoplasmas were recorded. Kairo et al. (2003) noted that the number of microorganisms 
reported introduced in the insular Caribbean is negligible, thus indicating a knowledge gap in 
species inventory. 

Why do port-of-entry inspections miss pests? The reasons are numerous and diverse: 
overwhelming workload; pressure to perform quick inspections; inadequate working conditions 
(e.g., lighting, space); difficulty of detecting minute and hidden pests, especially pathogens 
(Schaad et al., 2003); lack of appropriate diagnostic tools for pathogens (Schaad et al., 2003); 
difficulty of knowing which pathogens to screen for; and the huge number of yet undescribed 
plant pests. For example, some 10,000 known species of fungi cause plant diseases worldwide 
(Agrios 2005) and perhaps only 10 percent of all existing fungi have been described (Palm and 
Rossman, 2003). 

Smuggl ing of propagative material bypasses established phytosanitary safeguards. For 
example, in 2004, citrus budwood cuttings were intercepted in mail packages arriving in the 
United States. The packages, destined for a citrus growing area in California, were labeled on 
the shipment manifest as "books and chocolates." One of the shipments tested positive for 
Xanthomonas axonopodis pv. citri, the causal agent of citrus canker (CBP, 2005). Even though 
this smuggling event is not related to the GCR, there is no reason to believe that similar events 
would not be occurring in the Caribbean countries. 

Plant Propagative Material as Invasive Species 

Numerous studies have shown that the majority of invasive exotic plant species in 
regional floras were intentionally introduced (Niemiera and Von Holle, 2009). Commercial trade 
not only helps to introduce plants, but also distribute them throughout entire regions, thereby 
increasing the opportunity for invasive plants to establish (Mack, 1991). Economic losses due to 
introduced plants surpass those caused by any other class of invasive species. For example, 
the annual economic impact of invasive weeds is estimated to be approximately $39 billion in 
India, $34 billion in the United States, $17 billion in Brazil, $1.4 billion in the United Kingdom 
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(Pimentel et al., 2001), $12 billion in South Africa (van Wilgen et al. 2001), $3 billion in Australia 
(Sinden et al., 2004), and $1 billion in New Zealand (Will iams and Timmins, 2002). 

Novel plant species are introduced for ornamental, research, and educational purposes, 
as well as for environmental stabilization. For the insular Caribbean, Waugh (2008) reviewed 
the published literature for invasive species and estimated that of the 191 invasive plants 
examined, 66 percent were introduced deliberately through the horticultural pathway. In 
Barbados, sweet lime, Triphasia trifolia (Rutaceae), and mother-in-law's tongue, Sansevieria 
hyacinthoides (Agavaceae), are both garden escapes that have replaced shrub layers in 
forested gullies (Waugh 2008). Mock orange, Pittosporum undulatum (Pittosporaceae), spread 
from the Cinchona Botanic Gardens in Jamaica and from other areas where it is planted as an 
ornamental tree species; whereas, wild ginger, Hedychium gardneranum (Zingiberaceae), and 
redbush, Polygonum chinense (Polygonaceae), were also introduced through the botanic 
garden (Waugh 2008). Among the worst weeds of Florida are the punk tree, Melaleuca 
quinquenervia (Myrtaceae), introduced to drain wetlands (Frank and McCoy, 1995). The neem 
tree, Azadirachta indica (Meliaceae), introduced for the purpose of reforestation, has become an 
invasive species throughout the Dominican Republic, as well as Puerto Rico and Antigua and 
Barbuda (IABIN 2008). Kairo et al. (2003) list the following tree species as naturalized and/or 
invasive; they consider them major invasive threats to the GCR: the red beadtree, Adenanthera 
pavonina (Fabaceae); woman's tongue, Albizia lebbeck (Fabaceae); Australian pine, Casuarina 
equisetifolia (Casuarinaceae); white cedar, Tabebuia heterophylla (Bignoniaceae); and Indian 
jujube, Ziziphus mauritiana (Rhamnaceae). 

A review of the phytosanitary laws of the GCR countries showed that most regulations 
regarding PM aim to prevent the introduction of pests associated with plants but are not 
concerned with the invasiveness or weed potential of the imported plants themselves. Although 
many countries require phytosanitary certificates, inspections, and freedom from soil, weed risk 
assessments are typically not a requirement for import. The regulated pest list of most GCR 
countries either contains no weeds at all or lists only a small number of plants, which tend to be 
agricultural weeds not likely to be imported as PM (IPPC, 2008). 

Factors Making Propagative Material a High Risk Pathway 

There are environmental, economic, and phytosanitary operational factors which dispose 
PM to be a high risk pathway. The following data describe a few of these factors. 

Propagative material (PM) is usually planted in a climate conducive to its growth, and the 
same climate is also likely to be suitable for its associated pests. Pests introduced on PM have 
the advantage of being moved together with a suitable host plant. Furthermore, because plants 
are often planted in groups, we inadvertently provide pests with an oasis of resources that they 
may use to establish a new population. 

It may not be immediately apparent when a plant species is an invasive. A lag period 
between introduction and invasion is commonly observed with invasive plant species (Reichard 
and White, 2001). In addition, changes in environmental condit ions may alter the invasive 
potential of a plant. In Florida, over 60 Ficus (fig) species have been introduced. Because Ficus 
are pollinated by species-specif ic agaonid wasps, it is generally assumed that Ficus are not able 
to set fruit outside of their native range. However, the pollinators of three Ficus species in 
Florida have been accidentally introduced, leading to the spread of these Ficus species in two 
Florida counties (Frank and McCoy, 1995). The desirable characteristics in a plant can also be 
the very characteristics that make a plant invasive. In agroforestry operations, tree species with 
rapid growth, high fecundity, small seeds, and the ability to fix nitrogen are desirable; however, 
these very characteristics contribute to a tree's invasive potential (Richardson et al., 2004). 
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Volumes of PM imports as well as the diversity of PM imported add strain to a country's 
phytosanitary system. In the United States, the volume of PM imports has increased; between 
1996 and 2005, the volume of plant cuttings increased by 242%, followed by nursery plants 
(28%), and bulbs (19%); seed volume decreased by 3% (U.S. Department of Commerce) (80% 
of PM imports enter the U.S. through Miami, FL) (Griffin, 2007). The diversity of taxa imported 
has also increased. Effective safeguarding is hindered by the difficulty of identifying PM to the 
species level. If shipment manifests or phytosanitary certificates provide incorrect information, 
phytosanitary officers may often be unable to detect the error; thus prohibited species may be 
allowed to enter. 

Suggestions for Improved Safeguarding 

In summary, pests, and especially plant pathogens, are spreading between countries 
through both legal and illegal movement of propagative materials. This is occurring on a global 
scale. About 50 new disease locations or disease-host associations were reported during 2008 
in the journal New Disease Reports alone. Apart from severe restrictions on the importation of 
propagative materials, there is no easy solution to this problem. The propagative material 
pathway also allows invasive plants to continuously enter countries of the GCR, where they 
often cause considerable economic and environmental damage. There are essentially no 
safeguards in place to prevent this invasion from happening. Below are some specific 
safeguards that may help to reduce the risk associated with the PM pathway. 

• Require phytosanitary certificates for all imports of propagative materials, indicating 
species and variety of the imported plants and also certifying freedom from pests based 
on clearly specified inspection protocols. 

• Require weed risk assessments for the importation of plants, and prohibit the importation 
of any plant species that is likely to become invasive. A variety of assessment and 
screening tools have been developed, including the Austral ian Weed Risk Assessment 
system, which is the most widely known and tested system of its kind (Gordon et al., 
2008; Jefferson et al., 2004; Reichard and Hamilton, 1997). 

• Assess the invasiveness of plant species retrospectively (Fox et al., 2005; Heffernan et 
al., 2001; Randall et al., 2008). This is important because a lag time may exist between 
species introduction and onset of invasiveness; invasiveness may change because of 
environmental changes (Reichard and White, 2001). 

• Adopt voluntary codes of conduct for nurseries and landscaping businesses to promote 
the sale and use of native and non-invasive plants (e.g., The Saint Louis Declaration 
(Baskin, 2002). 

• Draft a voluntary code of conduct for botanical gardens and arboreta stipulating that they 
conduct weed risk assessments prior to introducing new plant species; re-evaluate 
current plant collections for invasiveness; educate the public about the importance of 
choosing non-invasive plants; and contribute to research related to invasive plant 
species (BGCI, 2000). 

• Maintain records of PM imports by plant species, with information on variety, type of 
material (roots, cuttings, etc.), country of origin, growing and inspection practices 
followed, date of importation, and amount imported in consistent units. 

• Develop a list of pathogens of economic importance for which plant material should be 
tested on a regular basis. Use early warning and bio-surveil lance systems as input for 
decision-making. 
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Table 1. Interception of plant pests on plant propagative material exported from Caribbean 
countries into the United States, 2007. Pests are grouped by taxonomic order followed by the 
number of interception records (this is not synonymous to the number of specimens intercepted) 

Pest type Pest family, class, No. of 
or order 
(depending on the 
level of 

Interception 
records 

identification) 
Disease Coelomycetes 24 

Didymosphaeriaceae 1 
Hyphomycetes 3 
Leptoshpaeriaceae 1 
Mycosphaerellaceae 7 
Phaeosphaeriaceae 1 
Pucciniaceae 1 
Valsaceae 1 

Insect Agromyzidae 5 
Aleyrodidae 24 
Aphididae 41 
Bruchidae 1 
Cecidomyiidae 3 
Chrysomelidae 1 
Cicadellidae 411 
Coccidae 93 
Coccoidea 61 
Coreidae 2 
Curculionidae 9 
Diaspididae 6 
Diptera 1 
Elachistidae 1 
Formicidae 1 
Gryllidae 4 
Hesperiidae 1 
Heteroptera 4 
Hymenoptera 2 
Insecta 7 
Le pi d optera 1 
Limacodidae 1 

Insect Lygaeoidea 1 
Miridae 3 
Noctuidae 36 
Ortheziidae 1 
Pentatomidae 14 
Pentatomoidea 18 
Phlaeothripidae 2 
Plutellidae 1 
Pseudococcidae 107 
Pyralidae 1 

Pest type Pest family, class, No. of 
or order Interception 
(depending on the records 
level of 
identification) 
Pyraloidea 1 
Rhyparochromidae 1 
Scarabaeidae 5 
Scolytidae 2 
Syrphidae 1 
Tenebrionidae 2 
Tettigoniidae 110 
Thripidae 292 
Tineidae 2 
Tortricidae 5 

Mite Acari 1 Mite 
Tetranychidae 48 

Mollusk Agriolimacidae 1 Mollusk 
Helicarionidae 4 

Mollusk 

Philomycidae 1 

Mollusk 

Succineidae 156 

Mollusk 

Veronicellidae 5 
Nematode Longidoridae 1 
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INTERNATIONAL MAIL AS A PATHWAY FOR THE MOVEMENT OF EXOTIC PLANT PESTS 
INTO AND WITHIN THE GREATER CARIBBEAN REGION 

L. Ferguson, A. Lemay, and H. Meissner. United States Department of Agriculture (USDA), 
Animal and Plant Health Inspection Service, 1730 Varsity Dr., Suite 300, Raleigh, NC 27606 

ABSTRACT: The objective of this study was to evaluate the risk of pest movement associated 
with the international mail pathway in the Greater Caribbean Region (GCR6). We examined data 
on materials of phytosanitary significance (MPS) intercepted in mail, and developed suggestions 
for improved safeguarding. Of packages sent to the United States from worldwide origins, 2.7% 
of public and 5.6% of private mail packages contained MPS. Of packages sent from GCR 
origins by public and private mail, 3.3% and 1.6%, respectively, contained MPS. The United 
States receives more public than private mail. In other GCR countries, however, private postal 
services dominate the parcel market. High-risk items found in mail included propagative 
materials (1/3 of intercepted materials) and live insects. Fresh fruits, vegetables, soil, and wood 
items were also intercepted. We estimated that the GCR (excluding the United States) may 
annually receive over 14,000 mail packages containing MPS, with up to 4,000 of these being 
propagative materials. International mail may be the pathway of choice for intentional smuggling 
of high-risk items. This work was carried out in the framework of the CISWG Caribbean 
Pathway Analysis. The complete report can be accessed at: http://carribean-
doc.ncsu.edu/index.htm. 

Keywords: Mail, Propagative, Exotic pest, Quarantine 

INTRODUCTION 

Public and private postal services are an often overlooked pathway for the movement of 
plant pests. Almost any item can be sent by mail, either legally or illegally. Controlling mail 
contents presents an immense challenge to any country. Various studies in the United States 
have shown that live plants and plant pests are being shipped by mail, often in connection with 
mail-order purchases (Keller and Lodge, 2007; Zhuikov, 2008). On-line shopping is on the rise, 
spurring an increase in postal activity. Our goal was to evaluate the risk of pest movement 
associated with the international mail pathway in the GCR, to assess the most important parts of 
the pathway (public vs. private) and to evaluate the types of MPS moving through mail. 

MATERIALS AND METHODS 

We used data collected from U.S. ports of entry (WADS-USDA, 2008) to estimate 
approach rates of materials of phytosanitary significance (MPS) arriving in mail in the United 
States. Port-of-entry data were collected through a detailed inspection of randomly selected 
sampling units; i.e., they are unbiased and thus suitable for risk quantification. These data were 
collected at 11 U.S. ports of entry from 2005 through 2007. MPS are defined as any plants, 
plant parts, or plant pests (arthropods, nematodes, mollusks, weeds, pathogens). The MPS 
approach rate is the percentage of sampling units in which MPS are found. Estimates are 
presented as 95% binomial confidence intervals, i.e., the limits within which the actual approach 
rates lie with 95 percent certainty (Steel et al., 1997). 

6 The Greater Caribbean Region (GCR) is defined as all countries bordering the Caribbean Sea, plus the Bahamas, 
Turks and Caicos, El Salvador, Suriname, Guyana, and the U.S. Gulf States (Florida, Alabama, Mississippi, 
Louisiana, and Texas). 
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RESULTS 

A large variety of plant materials and some insects were intercepted in both public and 
private international mail entering the United States (Table 1). When considering mail of 
worldwide origin, private mail had almost double the MPS approach rate of public mail (Table 2). 
The same tendency was seen with mail of Caribbean origin, though the difference was not 
statistically significant. The degree to which mail is inspected varies widely within the GCR, from 
100% in some countries to minimal inspection in others. We estimated that the GCR (excluding 
the United States) may annually receive over 14,000 public mail packages containing MPS, with 
up to 4,000 of these being propagative materials (Table 3). We do not have statistics on private 
mail volumes, but market studies suggest that 10 percent of packages are moved by public mail 
in the GCR, while 90 percent are moved by private mail (e.g., FedEx, UPS, and DHL) 7 (UPU, 
2007). Whether the intercepted MPS constitute a threat would vary from case to case, 
depending on the MPS and the country of destination. 

CONCLUSIONS 

The data available for the evaluation of pest risk associated with mail is very limited. 
However, our analysis indicates that the pest risk posed by international mail may be significant 
for at least some countries of the GCR. More research should be carried out on this pathway. In 
the meantime, we offer the following suggestions for improved safeguarding of mail: 

• Establish mail inspection systems in countries where they do not yet exist. 
• Post educational information at mail facilities to increase public awareness of 

phytosanitary regulations for mail. 
• Conduct periodic data collection efforts at mail facilities for the purpose of risk 

quantification. 
• Record data on pest interceptions in mail. Collect and archive data on pest and 

quarantine material interceptions in mail. Ideally, the database, or at least the format of 
the database, should be region-wide. 

• Implement package tracking and tracing technology at mail facilities. 
• Use appropriate inspection technology (e.g., x-ray systems) at mail facilities. 
• Use detector dogs at mail facilities. 

ACKNOWLEDGEMENTS 

We thank all our numerous colleagues in the GCR and in USDA-APHIS who shared 
data, answered questions, hosted site visits, or reviewed our analysis. 

REFERENCES 

Keller, R.P. and D.M. Lodge. 2007. Species invasions from commerce in live aquatic organisms: 
problems and possible solutions. Bioscience 57: 428-436. 

Meissner, H. A. Lemay, L. Ferguson, Κ. Schwartzburg, C. Bertone, and L. Newton. 2009. 
Caribbean Pathway Analysis. USDA-APHIS. 

Steel, R.G.D., J.H. Torrie, and D.A. Dickey. 1997. Principles and Procedures of Statistics: A 
Biometrical Approach. McGraw-Hill, New York. 

UPU. 2007. Development plan for the postal sector and postal services in the Caribbean, pp. 
36. Universal Postal Union. 

UPU. 2008. Postal statistics (Available at: http://www.upu.int/). 
USDA. 2008. Agricultural Quarantine Activity Systems-WADS. USDA-APHIS-PPQ. 

Zhuikov, M. 2008. Guarding water gardens against invasive species. NOAA Research. 

7 These companies are not the only private mail carriers, but are among the most prominent worldwide. Full 
company names are: FedEx = FedEx Corporation, UPS = United Parcel Service of America, Inc., DHL = DHL 
International, Ltd. 

184 



Table 1. Relative frequency of packages found to contain MPS during data collection at 11 U.S. 
ports of entry, 2005-2007 (USDA, 2008). 

Origin: Worldwide Origin: GCR (Except United 
States) 

Item Public mail 
Sample size: 
2,042 

Private mail 
Sample size: 
1,042 

Public mail 
Sample size: 
77 

Private mail 
Sample size: 
386 

Seeds, pods 20% 24% 12% 5% 

Propagative plant 
materials 

9% 3% 6% 4% 

Soil 1% 7% 1% 9% 

Fruits, fresh 11% 7% 16% 5% 

Fresh plant material 8% 7% 9% 2% 

Grains, grain products 3% 2% 9% 0% 

Vegetables, fresh 3% 4% 8% 3% 

Wood, wood items 2% 20% 4% 23% 

Straw, hay 1% 0% 0% 0% 

Honey, honey combs 0% 2% 0% 1% 

Coffee, tea 6% 13% 9% 30% 

Vegetables, dried or 
preserved 

2% 1% 0% 0% 

Herbs, spices, & flowers, 
dried or processed 

16% 3% 8% 4% 

Fruits, dried, preserved, 
processed 

10% 4% 16% 3% 

Miscellaneous 3% 1% 1% 1% 

Mushrooms 3% 0% 0% 0% 

Nuts 3% 3% 1% 6% 

Insects 0% 1% 0% 3% 
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Table 2. Inspection results for mail packages arriving in the United States (2005-2007) (USDA, 
2008). 

Origin: Worldwide Origin: GCR (Except United 
States) 

Public mail Private mail Public mail Private mail 

Packages inspected 76,132 18,455 2,414 374 

Packages with MPS 2,042 1,042 18 6 

MPS approach rates 8 

(95% binomial confidence 
interval) 

2.7% 
(2.6-2.8%) 

5.6% 
(5.3-6.0%) 

0.8% 
(0.4-1.2%) 

1.6% 
(0.6-3.6%) 

Table 3. Number of public mail packages of worldwide origin received in GCR countries (UPU, 
2008) and estimated number of packages arriving with plant materials or plant pests (based on 
approach rate of 2.6 to 2.8%). 

Country 9 Packages 
received 

Estimated packages with plant 
materials/plant pests (95 percent binomial 

confidence interval) 

Year of data 

Anguilla 1,895 49-53 2003 

Antigua and Barbuda 14,042 365-393 2005 

Aruba 7,067 184-198 2003 

Bahamas 35,641 927-998 2005 

Barbados 46,717 1,215-1,308 2005 

Belize 33,447 870-937 2006 

Cayman Islands 29,481 766-825 2005 

Costa Rica 29,889 777-837 2006 

Cuba 4,748 123-133 2001 

Dominica 8,361 217-234 2005 

Dominican Republic 15,469 402-433 2006 

El Salvador 29,853 776-836 2006 

Grenada 8,193 213-229 2006 

Guatemala 21,397 556-599 2006 

Guyana 12,058 313-338 2005 

Haiti 3,978 103-111 2004 

Jamaica 83,432 2,169-2,336 2005 

8 The approach rate is the percentage of randomly inspected packages that contained plant materials. Worldwide 
approach rates were calculated using interceptions of any plant material/pest, and approach rates for the GCR were 
based on interceptions of plant materials/pests of U.S. quarantine significance. The approach rate is usually given 
with a 95% binomial confidence limit (the limit within which the true approach rate falls with a 95% likelihood). 
9 No data for Guadeloupe, Honduras, Martinique, Saint-Barthélemy, St. Martin, and St. Vincent and the Grenadines. 
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Country 9 Packages 
received 

Estimated packages with plant 
materials/plant pests (95 percent binomial 

confidence interval) 

Year of data 

Montserrat 1,567 41-44 2005 

Netherland Antilles 29,328 762-821 2006 

Nicaragua 4,978 129-139 2002 

Panama (Rep.) 28,056 729-786 2006 

St. Kitts and Nevis 11,480 298-321 2005 

Saint Lucia 12,299 320-344 2006 

Suriname 4,150 107-116 2006 

Trinidad and Tobago 48,900 1,271-1,369 2005 

Turks and Caicos 
Islands 

1,000 26-28 2004 

Virgin Islands 6,254 163-175 2006 

GCR Total (excluding 
U.S.) 

533,680 13,876-14,943 

187 



Proceedings of the Caribbean Food Crops Society. 45: 188-194. 2009 

FORESTRY-RELATED PATHWAYS FOR THE MOVEMENT OF EXOTIC PLANT PESTS 
INTO AND WITHIN THE GREATER CARIBBEAN REGION 

L. Newton, H. Meissner, and A. Lemay. United States Department of Agriculture (USDA), 
Animal and Plant Health Inspection Service, Raleigh, NC 

ABSTRACT: Forests of the Greater Caribbean Region (GCR) have immense ecological and 
economic importance. These unique tropical ecosystems are under increasing pressure from 
exotic pests, which may cause extensive environmental damage and cost billions of dollars in 
control programs, lost production, and forest restoration. Forests may act as a source of exotic 
species introduction when wood or non-wood forest products are exported. In the introduced 
range, these pests may impact both forests and agricultural production. By the same token, 
forests are at risk not only from pests introduced with forest products but also from pests 
introduced through other pathways. Propagative materials, such as seeds or trees for planting, 
may serve as a pathway for pests and may also become pests themselves if they become 
invasive in the introduced range. The objective of this paper was to outline important forestry-
related pathways of pest movement and to offer suggestions for improved safeguarding. The 
pathways discussed are wood products, non-wood forest products, and trees for planting. The 
work presented here was carried out in the framework of the CISWG Caribbean Pathway 
Analysis. The full report is available at: http://carribean-doc.ncsu.edu/index.htm. 

Keywords: Forest pests, Forestry, Phytosanitary risk, Forest products, Agroforestry, Invasive 
trees 

INTRODUCTION 

Almost 40% of the Greater Caribbean Region's (GCR)10 230 million hectares of land are 
forested (FAO, 2005); (USDA-FS, 2008). Caribbean forests fulfill a range of functions, including 
the provision of wood and non-wood products, direct and indirect contributions to local food 
security, protection of soil and water, habitat for wildlife, and opportunities for recreation and 
tourism. 

All forests have immense economic and ecological value, but tropical forests are 
especially important on a global scale. Covering less than six percent of the Earth's land area, 
these forests contain the vast majority of the world's plant and animal genetic resources. 
Pristine forests of Puerto Rico, for example, contain more than 500 species of trees in 70 
botanical families. One study suggests that tropical rain forests may contain as many as 30 
million different kinds of plants and animals, most of which are insects (Mastrantonio and 
Francis, 1997). The introduction of exotic species poses a threat to both pristine forests and 
commercial forestry operations. 

The possibility of exotic species introduction via forestry-related pathways is briefly 
discussed below; this information is based on published scientific reports and port-of-entry pest 
interception records. 

10 The GCR includes all countries bordering the Caribbean Sea, plus the Bahamas, Turks and Caicos, El 
Salvador, Suriname, Guyana, and the U.S. Gulf States (Florida, Alabama, Mississippi, Louisiana, and 
Texas) 
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RESULTS AND DISCUSSION 

Pathway: Wood Products 

Wood products include unmanufactured products such as logs, poles, stakes, railway 
ties, and fuelwood, as well as finished goods, such as furniture, wooden handicrafts, and 
musical instruments. These products may be infested or contaminated with pests prior to or 
during the trading process. 

Any pest infesting the standing trees may be moved to new locations with the wood, and 
additional pests may be picked up by the wood during or after felling of the trees. For example, 
plant pathogens may get onto the wood from contaminated saws or chippers; logs may pick up 
soil, insects, pathogens, or weed seeds when dragged across the ground (Roth et al., 1972); 
and pests may infest the felled log at the landing, the central yard, the shipping yard, or even en 
route. Without good sanitary processes, pests may also be introduced into the logging site. For 
example, forest equipment may be encrusted with soil containing plant pathogens, nematodes, 
or weed seeds (Roth et al., 1972, Jules et al., 2002, Waterhouse, 2003); snails or insects may 
be hitchhiking on vehicles; saws and chippers may be contaminated with pathogens from trees 
they have been previously in contact with. Illegal logging is a widespread problem in the GCR, 
particularly in Central America (Galloway and Stoian, 2007; Wells et al., 2007), and presents a 
special challenge to any efforts to implement sanitation practices or inspections. 

Bark beetles and ambrosia beetles (Coleoptera: Curculionidae: Scolytinae), wood-boring 
beetles (Coleoptera: Buprestidae), longhorned beetles (Coleoptera: Cerambycidae), and 
horntail wasps (Hymenoptera: Siricidae) are among the most destructive forest insects. Each of 
these groups is associated with raw t imber products (Ciesla, 1992). USDA pest risk 
assessments provide extensive lists of insects and pathogens associated with Pinus (Pinaceae) 
and Abies (Pinaceae) logs from Mexico (USDA-FS, 1998) and with Pinus logs from Australia 
(USDA-FS, 2006). Over 800 species of arthropod pests were found to be associated with wood 
from China (USDA-APHIS, 2007). Bark beetles and wood-boring beetles have entered China in 
unprocessed Pseudotsuga menziesii (Pinaceae) and Tsuga heterophylla (Pinaceae) logs from 
the United States (Ciesla, 1992). 

The fungus Raffaelea lauricola (Ascomycetes: Ophiostomatales), a fungal symbiont of 
Xyleborus glabratus (Coleoptera: Curculionidae: Scolytinae) and the causal agent of laurel wilt, 
was recently introduced into the southeastern United States, where it is causing mortality of 
Persea borbonia (Lauraceae) (Koch and Smith, 2008). Wood products are believed to be the 
primary pathway for introduction of X. glabratus (Rabaglia et al., 2006). This pest is a potential 
risk for the GCR, as numerous trees and shrubs in the Lauraceae family, including avocado, 
Persea americana, appear to be susceptible to the pathogen (Fraedrich et al., 2008). 

Wood chips, although of somewhat lower pest risk than unprocessed wood, may still 
harbor many pests, including Phellinus weirii (Basidiomycetes: Hymenochaetales); 
Bursaphelenchus xylophilus (Tylenchida: Aphelenchoididae); Monochamus spp., Anoplophora 
glabripennis, and Tetropium fuscum (Coleoptera: Cerambycidae); and others (Magnusson et al., 
2001). Raw wood is not the only wood of phytosanitary concern. Manufactured wood items, 
such as wooden handicrafts, musical instruments, brooms, tools, toys, wooden poles for 
artificial Christmas trees, and many other items may also be infested with pests. For example, a 
U.S. pest risk assessment found 510 plant pest species of U.S. quarantine significance to be 
associated with manufactured wood from China (USDA-APHIS, 2007). 

Pathway: Non-Wood Forest Products 

Non-wood forest products (NWFP) include a variety of nuts, berries, leaves, bark, roots, 
and whole plants sold as food, medicinals, decorations, or craft materials (FAO, 2005). For 
example, mahogany bark is collected in Jamaica for making dye, and mangrove bark is 
exported from Guyana for tanning leather. Bark is a known pathway for the movement of insect 
pests and pathogens (NZMAF, 2003). 
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Pests introduced into the GCR on Christmas trees and conifer foliage include Adelges 
cooleyi (Hemiptera: Adelgidae), Chionaspis pinifoliae (Hemiptera: Diaspididae), and 
Paradiplosis tumifex (Diptera: Cecidomyiidae) (Speight and Wylie, 2001). After Puerto Rico 
improved phytosanitary inspection and subsequent pest identification for Christmas tree 
imports, interceptions of mollusks increased seven-fold and interceptions of insects doubled 
(USDA-APHIS-PPQ, 2008). 

Bamboo, Bambusa vulgaris (Graminae), was deliberately introduced into the Caribbean 
to control soil erosion and is used for making fences, furniture, and other items (Francis, 1993). 
It is now considered invasive in Jamaica and Tobago (Kairo et al., 2003; Francis, 1993). 
Furthermore, at least 26 species of live insects of phytosanitary concern have been intercepted 
at U.S. ports of entry in dried bamboo garden stakes from China (USDA-APHIS, 2006). In 2006, 
China exported a substantial amount of bamboo into the GCR (UNComtrade, 2008). 

Through a literature review, we identified over 300 species of forest pests with limited or 
no distribution in the GCR, pests that are known to move on wood or NWFPs. Some examples 
are listed in Table 1. Although this review was not exhaustive, it demonstrates the variety of 
pests that may enter the GCR through the wood and NWFP pathways. 

Pathway: Trees for Planting 

The most successful invaders in natural environments tend to be woody perennials, 
especially trees (Cronk and Fuller, 1995). Characteristics that contribute to a tree's invasive 
potential include rapid growth and high fecundity; these same characteristics make a tree 
species a desirable candidate for agroforestry operations (Richardson et al., 2004). 

It is not surprising, therefore, that many of the trees used on commercial plantations and 
in agroforestry in the GCR have turned out to be invasive species (Richardson, 1998). For 
example, the tree Pittosporum undulatum (Pittosporaceae) introduced into Jamaica in the late 
1800s is now considered one of the primary threats to the tropical forests of the Blue Mountains 
(Goodland and Healey, 1996; Goodland and Healey, 1997). Other serious invaders include 
Acacia spp., Leucanea leucocephala (Fabaceae), Melaleuca quinquenervia (Myrtaceae), 
Schinus terebinthifolius (Anacardiaceae), and others (Table 2). 

These species often form dense thickets or monocultures, replace native vegetation, 
disrupt activities of native fauna, and lower the water table (Binggeli et al., 1998). Of 220 tree 
species deliberately introduced into the insular Caribbean islands, 179 were reported as 
naturalized or invasive on at least one of these islands (Kairo et al., 2003). 

The countries of the GCR (including the United States) do not have any regulations in 
place to prevent potentially invasive tree species from being imported and planted. 

SUGGESTIONS FOR IMPROVING SAFEGUARDING 

The issues surrounding forestry-related pathways for the movement of exotic and potentially 
invasive pests are complex; this paper presents a cursory review of three basic pathways. The 
following measures may help to raise awareness and mitigate some of the risks associated with 
the movement of forest pests: 

• Hold an international congress on introduced and imminent forest pests in the GCR, 
possibly modeled after a similar conference held by FAO in 2003 (FAO-RAP, 2005). The 
main objectives of the conference should be to increase awareness, share information, and 
develop action items for regional cooperation in addressing invasive forest pests. 

• Carry out surveys within the GCR to determine the distribution of pests commonly 
associated with wood and non-wood forest products outside their native range. 

• Establish criteria for assessing the invasive potential of exotic tree species that are under 
consideration for agroforestry, and thereby exclude tree species with high invasive potential 
from agroforestry systems. 

• Establish sanitation practices to reduce the spread of forest pests and restrict the movement 
of untreated wood products. 
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Table 1. Examples of arthropods and pathogens that move on wood and NWFPs are not 
present or have a very limited distribution in the GCR but could potentially become established 
in the GCR. A more exhaustive list of pests is presented in the Caribbean Pathway Analysis 
report at http://carribean-doc.ncsu.edu/index.htm. 

Species 
Order: Family 

Hosts Pathways Distribution in 
GCR; Comments 

References 

Anoplophora 
glabripennis 
Coleoptera: 
Cerambycidae 

Hardwoods 
including: Acer, 
Betula, Fraxinus, 
Hibiscus, Morus, 
Populus, Robinia 

Bark, 
poles/piles, 
timber, wood 
chips, WPM 

Not present; very 
destructive; can 
attack healthy 
trees 

(Magnusson 
et al., 2001; 
FAO 2007) 

Callidiellum rufipenne 
Coleoptera: 
Cerambycidae 

Conifers, including: 
Chamaecyparis, 
Cryptomeria, 
Cupressus, Thuja 

Artificial 
Christmas 
trees, logs, 
crafts, WPM 

Not present (Hoebeke, 
1999; Pasek, 
2000; USDA-
APHIS 2007) 

Brontispa longissima 
Coleoptera: 
Chrysomelidae 

Over 20 species of 
palm, including 
Cocos nucifera 

Movement of 
infested palms 

Not present; 
serious pest of 
coconut palms 

(FAO, 2007; 
APFISN, 
2008) 

Xyleborus glabratus 
Coleoptera: 
Curculionidae: 
Scolytinae 

Family Lauraceae, 
including Persea 
borbonia and P. 
americana 

Firewood, logs, 
WPM, wood 
products 

Not present; 
fungal symbiont, 
Raffaelea 
lauricola, causes 
tree mortality 

(Fraedrich et 
al., 2008; 
Koch and 
Smith, 2008) 

Paratachardina 
pseudolobata 
Hemiptera: Kerriidae 

>150 hosts, many 
native to GCR 

Plants, twigs, 
small branches 

Limited 
distribution 

(Pemberton, 
2003; Ben-
Dov et al., 
2006) 

Xyleutes ceramicus 
Lepidoptera: Cossidae 

Callicarpa, 
Duabanga, Gmelina, 
Erythrina, Tectona, 
Sesbania, 
Spathodea 

Bark, 
poles/piles, 
sawn wood 

Not present; 
important pest of 
teak 

(FAO, 2007; 
Nair, 2007) 

Raoiella indica Acari: 
Tenuipalpidae 

Palms, orchids, 
ornamentals, 
bananas 

Natural spread, 
palm 
handicrafts, 
people 

Limited 
distribution 

(ISSG, 2008) 

Chrysoporthe 
austroafricana 
Ascomycetes: 
Cryphonectriaceae 

Eucalyptus, 
Syzygium, 
Tibouchina 

Bark, roots, 
stems, wood 

Not present; an 
important 
disease of 
Eucalyptus 

(FAO, 2007) 
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Table 2. Examples of invasive tree species in the GCR. 

Species (Family) Uses Naturalized/Invasive in References 

Acacia spp. 
(Fabaceae) 

Agroforestry, 
reforestation, 
f irewood, t imber 

Anguil la, Antigua & 
Barbuda, Bahamas, 
Puerto Rico, Dominican 
Republic 

(Binggeli et al., 1998; 
Kairo et al., 2003, 
ISSG, 2008) 

Casuarina 
equisetifolia 
(Casuarinaceae) 

Coastal 
reclamation, 
f irewood, pulp, 
tannins, t imber 

Bahamas, Dominican 
Republic, Jamaica, 
Puerto Rico, U.S. (FL) 

(Binggeli et al., 1998; 
Langeland and 
Stocker, 2001; Kairo 
et al., 2003) 

Eucalyptus robusta 
(Myrtaceae) 

Agroforestry, 
plantations 

Puerto Rico (Kairo et al., 2003) 

Lucanea 
leucocephala 
(Fabaceae) 

Reforestation, 
crafts, fire and 
wind breaks 

Bahamas, Dominican 
Republic, Haiti, 
Jamaica, Puerto Rico, 
U.S. (FL, TX) 

(Binggeli et al. 1998, 
Kairo et al. 2003, 
ISSG 2008) 

Melaleuca 
quinquenervia 
(Myrtaceae) 

Agroforestry, bark 
used as packing 
material, 
windbreaks 

Bahamas, Dominican 
Republic, Puerto Rico, 
throughout West Indies, 
U.S. (FL) 

(Binggeli et al., 1998; 
Langeland and 
Stocker, 2001; Kairo 
et al., 2003; Lugo, 
2004) 

Syzygium jambos 
(Myrtaceae) 

Agroforestry Puerto Rico, throughout 
West Indies 

(Brown et al., 2006) 

Ziziphus mauritiana 
(Rhamnaceae) 

Agroforestry, 
t imber 

Barbados, Guadeloupe, 
Jamaica, Martinique 

(Kairo et al., 2003; 
ISSG, 2008) 
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HUMAN MOVEMENT AS A PATHWAY FOR THE MOVEMENT OF EXOTIC PLANT PESTS 
INTO AND WITHIN THE GREATER CARIBBEAN REGION 

K. Schwartzburg, A. Lemay, and H. Meissner, United States Department of Agriculture (USDA), 
Raleigh, NC 

ABSTRACT: People moving between areas may contribute to the spread of plant pests by 
inadvertently carrying the pest on themselves, by transporting the pest on objects such as 
handicrafts, or by intentionally collecting and moving the pest. Visitors to the Greater Caribbean 
Region (GCR), the most heavily visited region in the world, arrive by air, water, or land, with air 
travel being predominant. Once in the GCR, visitors frequently move between countries. Cruise 
ship, ferry, and small boat passengers and people crossing land borders are often not subject to 
phytosanitary inspections. Inspection of airline passenger baggage is common, but cannot do 
justice to the ever-increasing passenger volume. The obvious potential of humans to facilitate 
pest spread, the immense number of travelers into and within the GCR, and an overall 
insufficient level of phytosanitary safeguards warrant that the pest risk associated with this 
pathway be considered very high. This work was carried out in the framework of the CISWG 
Caribbean Pathway Analysis. The complete report can be accessed at: http://carribean-
doc.ncsu.edu/index.htm. 

Keywords: pathway analysis, tourism, invasive species, interception 

INTRODUCTION 

The introduction of pests into new locations has been closely linked to the movement of 
humans. Persons visiting an area may intentionally or unintentionally spread plant pests in 
several different ways: They may be carrying the pest on themselves, their clothing, or their 
shoes; they may unintentionally transport the pest on products such as handicrafts (Image 1) or 
plant parts; or they may deliberately collect the pest (e.g., insects, snails, seeds, or whole 
plants) to take it to a different location. 

As the most heavily visited tourist region in the world (Padilla and McElroy, 2005), the 
Greater Caribbean Region (GCR)11 is faced with the challenge of managing this risk of exotic 
pest introduction. In the insular Caribbean, the travel industry is among the most important 
industries, comprising almost 15% of the Gross Domestic Product (GDP) (WTTC, 2008). In 
2006, international tourist arrivals numbered 19.4 million, 7 million, and 18.7 million for the 
Caribbean islands, Central America, and South America, respectively (UNWTO, 2008). The 
United States provided the largest source of tourists traveling to the insular Caribbean, with well 
over five million arrivals (CTO, 2007). 

Travelers arrive by one of three basic modes: air, water, or land. Most travelers arrive by 
air (UNWTO, 2006). Cruise ships, departing mainly from North America, also bring a substantial 
number of visitors into the GCR (FCCA, 2008). Travelers may arrive by water on ferries or on 
personal or chartered boats. Access across land borders is possible in North, Central, and 
South America as well as on the islands of Hispaniola and Saint Martin. Once in the GCR, 
tourists often move between countries ("island-hop") by regional flight, small boat, ferry, or 
cruise ship. We address each basic mode of human movement into and within the GCR and 
discuss the potential of each to serve as pathways for exotic pest introduction. 

11 All countries bordering the Caribbean Sea, plus the Bahamas, Turks and Caicos, El Salvador, Suriname, Guyana, 
and the U.S. Gulf States. 
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PATHWAY: AIR TRAVEL 

The Caribbean's tourism industry is largely dependent on air transportation (Bertrand, 
2007). Annually, over 19 million visitors arrive in Caribbean countries by airplane12 (UNWTO, 
2008). The level of agricultural inspection of airline passenger baggage varies among 
Caribbean countries and among airports within the same country. In Martinique, flights 
originating in France are not inspected (Ferguson and Schwartzburg, 2008). Flights between the 
islands of Trinidad and Tobago are not subject to agricultural inspections (Bertone and 
Gutierrez, 2008). In the United States, agricultural inspections are routine, but the level of 
scrutiny varies between flights. In some cases, inspection levels have not been able to keep up 
with growing passenger numbers. From 2005 to 2007, the number of passengers traveling from 
Aguadil la, Mayagüez, and Ponce, Puerto Rico, to the U.S. mainland increased by 65%, 
whereas the number of passengers inspected grew by only 50% (USDA-APHIS-PPQ, 2008b). 
Travelers from the U.S. mainland to Puerto Rico or the U.S. Virgin Islands are not subject to 
agricultural inspections. Regarding airline passenger baggage, it may therefore be more likely 
for pests to be carried from the U.S. mainland to the Caribbean rather than the other way 
around. 

In 2007, baggage inspections at airports in U.S. states located in the GCR (Florida, 
Alabama, Louisiana, Mississippi, and Texas) resulted in 126,136 plant quarantine material 
interceptions, 374 soil interceptions (USDA, 2008b), and 4,049 pest interceptions (3,620 of them 
U.S. quarantine pests) (USDA, 2008a). The tropical grey chaff scale (Par la to r ia cinerea), citrus 
canker (Xanthomonas axonopodis pv. citri), and Medfly (Cera t i t i s capitata) were repeatedly 
intercepted (USDA, 2008a). Almost 4% of international air passenger groups arriving in the U.S. 
had plant quarantine materials in their luggage. We estimated that three quarters of these 
materials routinely escape detection (Meissner et al., 2009). 

PATHWAY: CRUISE SHIPS 

Over 10 million cruise passengers departed from North America in 2007. Almost half of 
all North American cruise itineraries include the Caribbean (FCCA, 2008). Similar to airline 
passengers, cruise ship passengers have the potential to carry weed seeds, plant pathogens, or 
small insects on their shoes or clothing. The majority of multi-destination visitors in the 
Caribbean are cruise passengers (Garraway, 2006). Because these visits to climatically similar 
destinations occur within a short t ime frame, cruise passengers may carry viable plant pests to a 
new location that is suitable for survival of the pest, especially with current trends (e.g., 
ecotourism, private island experience) leading to visitation of more natural and pristine areas. 
Passengers are also likely to visit local markets where they may buy handicrafts or other items 
that could harbor plant pests. 

Inspection procedures for cruise ship passengers vary among GCR countries. In the 
United States, rules state, "passengers and baggage on cruise ships with Caribbean, Mexico or 
Bermuda itineraries are not routinely inspected" (USDA-APHIS-PPQ, 2008a). The ports of 
Quetzal and San José, Guatemala, receive over 50 cruise ships per year. Passenger baggage 
is not inspected. Inspections performed on hulls, food provisions, and garbage usually result in 
no quarantine material detections (Meissner and Schwartzburg, 2008). Cruise ships often dock 
in Fort-de-France, Martinique, for a few hours' stay, and passengers are not subject to 
agricultural inspection at arrival or departure (Ferguson and Schwartzburg, 2008). 

A short, intensive data collection effort in 2007 targeting the red palm mite, Raoiella 
indica, led to over 30 pest interceptions on cruise ship baggage at Florida ports (USDA, 2008a) 
(interception records summarized in Table 1). Almost all of these interceptions were on leaves 
of the coconut palm (presumably handicrafts). As cruise ship passengers and baggage are not 
routinely inspected at many ports in the GCR, most of these pests would be missed. 

12 This number is based on international tourist arrivals. Tourists are visitors staying more than 24 hours. 
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PATHWAY: SMALL VESSELS 

Private yachts and small commercial vessels travel constantly between nations of the 
GCR (Pattullo, 1996) and nearby countries. The exact number of vessels is difficult to quantify 
since this data is not typically collected. In many cases, inspection of these vessels is not 
feasible, and private vessels often return to marinas and private docks without any contact with 
an agricultural inspector. For example, at the Marina Puerto del Rey in Puerto Rico, the largest 
private marina in the Caribbean, arriving vessels are often cleared by radio and are not boarded 
by an inspector (Ruiz, 2007). The same is true in Florida (Lemay et al., 2008), Guatemala 
(Meissner and Schwartzburg, 2008), and presumably in other locations throughout the 
Caribbean. 

Visitors traveling by yacht depend on local markets for provisions, and farmers regularly 
supply agricultural products directly to sailors at marinas (Pattullo, 1996). Small vessels often 
carry agricultural commodit ies and/or propagative material intended for personal use or for 
small-scale trading (Boerne, 1999; Ferguson and Schwartzburg, 2008). Mycospharella fijiensis, 
the causal agent of black Sigatoka disease, is believed to have entered Trinidad via this 
pathway, and there is concern that Moniliophthora roreri, the causal agent of frosty pod of 
cocoa, may spread in the same manner (Bertone and Gutierrez, 2008). Pests in association 
with plants and propagative material will have the best chance of surviving in their new 
environment. Therefore, this pathway is of great concern. 

PATHWAY: FERRIES 

Ferries are an important means of transportation in the GCR. A regular ferry service 
operates between Belize and both Honduras and Guatemala (Travour.com, 2008) as well as 
between the islands of Trinidad and Tobago. Ferries and high-speed catamarans travel 
frequently between Martinique, St. Lucia, Barbados, Dominica, St. Vincent, and Guadeloupe, 
and there is potential for movement of plant products via this pathway. Catamaran passenger 
baggage in Martinique is randomly selected for agricultural inspection twice a month (Ferguson 
and Schwartzburg, 2008), but in many other places, ferry passengers are not subjected to any 
agricultural inspection, thus leaving this pathway largely unmitigated. 

The ferry Caribbean Express carried 145,000 passengers, 16,000 vehicles, and 13,000 
containers between Puerto Rico and the Dominican Republic in 2006 (Dominican Today, 2007). 
In a blitz operation in April 2007, a total of 2,071 passengers and 198 personal vehicles were 
inspected over the course of three days, resulting in 68 plant quarantine material and seven 
pest interceptions (Caribbean Risk Assessment Group, 2008). Assuming that the inspections 
detected all quarantine material and all pest present, this would translate into about 5,000 plant 
quarantine material and 500 pests per year arriving in Puerto Rico via Caribbean Express (not 
counting the cargo containers). Only a fraction of these pests would be intercepted by routine 
agricultural inspections. A number of exotic pests established in Puerto Rico are believed to 
have originated in the Dominican Republic (Caribbean Risk Assessment Group, 2008), and 
almost any pest may potentially be carried by ferry passengers. This pathway should thus be 
considered high risk, a conclusion which was also reached by the Caribbean Risk Assessment 
Group. 

PATHWAY: LAND BORDERS 

In the Insular Caribbean, the islands of Hispaniola and Saint Martin are home to more 
than one country and can be accessed via land borders. All of the Central and South American 
countries in the GCR share land borders with at least two other countries. Many of these 
countries informally trade agricultural products and handicrafts. Traders, agricultural day 
workers, and tourists routinely cross land borders. Daily, several hundred Haitians (mainly 
migrant workers) cross the border into the Dominican Republic (CIA, 2008; Navarro, 1999). The 
people of Mexico and Guatemala actively trade basic agricultural items and handicrafts (Nunez, 
2007). A large number of people, many of them migrant farm workers, also move routinely 
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between Costa Rica and Nicaragua. The Costa Rican Department of Agriculture (MAG), 
working closely with other agencies, inspects vehicles and pedestrians and frequently intercepts 
agricultural quarantine materials. The coffee berry borer, Hypothenemus hampei, a serious 
agricultural pest, is believed to have been inadvertently introduced into Costa Rica by 
pedestrians crossing the border from Nicaragua in 1983 (Bertone and Meissner, 2008). 

Much of the movement of people occurs at unofficial (unstaffed) border crossings. For 
example, between Mexico and Guatemala, about 36 border crossings have been identified; 
however, only eight of them are regulated (Solis, 2005). Temporary workers who enter 
Guatemala through official ports of entry are subject to agricultural inspections, yet many enter 
at unstaffed crossings. There is speculation that workers also enter Belize through unstaffed 
docks with infested fruit fly host material, thus introducing the unwanted Medfly and prompting 
emergency eradication efforts (Caniz, 2008). Even at many official crossings, no agricultural 
inspection takes place. Throughout Central America, inspections at land borders are generally 
limited to immigration and customs checks (Caniz, 2008). 

Starting in the 1980s, Central America became a geographic bridge to North America for 
migrants from South America seeking to enter the United States (Mahler and Ugrina, 2006). In 
terms of pest risk, this may mean that the flow of pest introductions due to human movement 
across land borders may follow a northern course, with pests from South America moving into 
Central America and North America, and pests from Central America moving into North 
America. 

CONCLUSIONS 

Pest interception data related to human movement into or within the GCR is scarce; 
however, it is obvious that the number of travelers is immense. Most travelers arrive by air, but 
small vessels and cruise ships also carry large numbers of people. Movement across land 
borders in the GCR is not well documented and is often overlooked; however, the associated 
pest risk may be considerable. The same is true for movement of yachts and other small 
vessels. For all modes of travel, the level of phytosanitary inspection is generally insufficient to 
mitigate pest risk. 

SUGGESTIONS FOR IMPROVED SAFEGUARDING 

• Launch a Caribbean-wide educational campaign on the potential ecological and 
economic consequences of exotic species introduction. 

• Educate visitors to natural and agricultural areas about prevention of exotic pests. 
• Implement a user fee system for eco-tourist sites to raise funds for prevention and 

management of exotic species. 
• Limit access to sensitive natural areas. 
• Implement sanitation practices (e.g., washing of shoes, checking clothes for seeds, etc.) 

at natural and agricultural sites visited by tourists. 
• Raise money for exotic pest prevention and for exclusion efforts by selling educational 

products (e.g., postcards, calendars, souvenirs, etc.) to tourists. 
• Increase presence and visibility of agricultural inspectors, and publicize interceptions to 

deter potential violators. 
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Table 1. Pest interceptions on marit ime (primarily cruise ship) baggage at Florida ports during 
2007. The number of specimens intercepted is listed after the pest's name. Note: These 
interceptions were the result of a special data collection effort targeting the red palm mite, 
Raoiella indica (USDA, 2008a). 

Pest Or ig in 

Insects 

Ho pland roth rips flavipes (Phlaeothripidae): 13 Jamaica 

Aleurodicinae species (Aleyrodidae): 8 Mexico 

Aleurotrachelus atratus (Aleyrodidae): 1 Unknown 

Aonidiella orientalis (Diaspididae): 1 St. Maarten 

Gryllus sp. (Gryllidae): 1 Unknown 

Hemiberlesia lataniae (Diaspididae): 1 Mexico 

Ho pland roth rips flavipes (Phlaeothripidae): 1 Mexico 

Resseliella sp. (Cecidomyiidae): 37 Dominican Republic 

Mites 

Amerosei idae species: 2 Jamaica 

Aonidiella orientalis (Diaspididae): 2 Unknown 

Macrochelidae species: 1 Jamaica 

Mesostigmata species: 10 Haiti 

Oligonychus sp. (Tetranychidae):1 Puerto Rico 

Oribatida species: 2 Jamaica 

Parasitidae species: 2 Jamaica 

Raoiella indica (Tenuipalpidae): 100 St. Maarten, Dominican Republic, and 

Tenuipalpidae species: 6 Puerto Rico 

Tetranychus sp. (Tetranychidae): 4 St. Maarten and unknown origin 

Tyrophagus sp. (Acaridae): 2 Jamaica 

Weeds 

Sorghum sp. (Poaceae): 1 Unknown 
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Image 1. Handicrafts made of palm leaves for sale in Puerto Rico. These items have the 
potential to harbor plant pests, as evidenced by the detection of live red palm mites, Raoiella 
indica, in palm frond hats made in the Dominican Republic and brought by cruise ship 
passengers to Palm Beach, Florida (Apgar, 2007; Welbourn, 2007). 

REFERENCES 

Apgar, S. 2007. Red palm mite poses threat to $3 billion nursery industry (Available at: 
http://www.orlandosentinel.com/news/local/state/orl-
palmmites2807dec28,0,5488031.story), in Orlando Sentinel. 

Bertone, C., and W. Gutierrez. 2008. Trip report: Site visit to Trinidad March 11-13. Site visit 
conducted by C. Bertone and W. Guitierrez, United States Department of Agriculture, 
Animal and Plant Health Inspection Service. 

Bertone, C., and H. Meissner. 2008. Trip report: Site visit to Costa Rica January 14-19, 2008. 
Site visit conducted by C. Bertone and H. Meissner, United States Department of 
Agriculture, Animal and Plant Health Inspection Service. 

Bertrand, I. 2007. Caribbean Air Transportation Report. PA Consult ing Group. 34 pp. 
Boerne, G. 1999. Filling the gap: small inter-island Caribbean trading ships and their crew. 

Seafarers International Research Centre (SIRC), Cardiff University, Cardiff, UK. 87 pp. 
Caniz, L. 2008. Email: Land border information request (Caribbean Pathway Analysis). 

Received by K. A. Schwartzburg, United States Department of Agriculture, Animal and 
Plant Health Inspection Service, Plant Protection and Quarantine. Personal 
communicat ion to on May 22, 2008, from L. Caniz (APHIS IS SPS Specialist). Archived 
at the PERAL library, Raleigh, NC. 

Caribbean Risk Assessment Group. 2008. Joint Marit ime Operation Presentation. 
CIA. 2008. The World Factbook (Available at: https://www.cia.gov/l ibrary/publications/the-world-

factbook/index.html). Central Intelligence Agency. 
https://www.cia.gov/l ibrary/publications/the-world-factbook/index.html. (Archived at 
PERAL). 

CTO. 2007. Latest statistics 2006 (Available at: 
http://www.onecaribbean.org/statistics/tourismstats/). Caribbean Tourism Organization. 6 
pp. 

Dominican Today. 2007. Dominican ferry looks for new port in Puerto Rico, in 
DominicanToday.com. 

FCCA. 2008. Cruise industry overview - 2008. Florida-Caribbean Cruise Association, Pembroke 
Pines, FL. 10 pp. 

Ferguson, L., and K. Schwartzburg. 2008. Trip report: Site visit to Martinique April 7-11, 2008. 
Site visit conducted by L. Ferguson and K. Schwartzburg, United States Department of 
Agriculture, Animal and Plant Health Inspection Service 

Garraway, J. 2006. Perspectives on multi-destination tourism. The Greater Caribbean This 
Week (January 17, 2006). Last accessed June 11, 2008, http://www.acs-
aec.org/column/greatCarib01172006 en.htm. 

200 



Lemay, Α., K. Schwartzburg, and S. Robertson. 2008. Air and marit ime port visit, Miami, FL 
(March 17-21, 2008). Conducted by: A. Lemay, K. Schwartzburg, and S. Robertson 
(USDA-APHIS). Personal communicat ion to on from 

Mahler, S. J., and D. Ugrina. 2006. Central America: crossroads of the Americas. Migration 
Information Source (April 1, 2006). 
http://www.migrationinformation.org/Feature/display.cfm?ID=386. 

Meissner, H., A. Lemay, C. Bertone, Κ. Schwartzburg, L. Ferguson, and L. Newton. 2009. 
Evaluation of Pathways for Exotic Plant Pest Movement into and within the Greater 
Caribbean Region. Caribbean Invasive Species Working Group (CISWG), Plant 
Epidemiology and Risk Analysis Laboratory (PERAL), Center for Plant Health Science 
and Technology (CPHST), United States Department of Agriculture (USDA). 284 pp. 

Meissner, H., and Κ. Schwartzburg. 2008. Guatemala trip report: January 28 - February 1. 
Conducted by H. Meissner and K. Schwartzburg, United States Department of 
Agriculture, Animal and Plant Health Inspection Service. 

Navarro, M. 1999. At last in Hispaniola, hands across the border. The New York Times (July 11, 
1999). Last accessed June 10, 2008, 
http://guerv.nytimes.com/gst/ful lpage.html?res=940DE1 D9133CF932A25754C0A96F95 
8260&sec=&spon=&pagewanted=3#. 

Nunez, I. V. 2007. La otra frontera (México-Guatemala). La Jornada Semanal March 4, 
2007(626). Last accessed May 20, 2008, http:/ /www.iornada.unam.mx/2007/03/04/sem-
isabel.html. 

Padilla, Α., and J. L. McElroy. 2005. The tourism penetration index in large islands: The case of 
the Dominican Republic. Journal of Sustainable Tourism 13(4):353-372. 

Pattullo, P. 1996. Sailing into the sunset: The cruise-ship industry. Pages 156-175 Last Resorts: 
The Cost of Tourism in the Caribbean. Cassell, London. 

Ruiz, G. 2007. Email: Caribbean Pathways Analysis. G. Ruiz, United States Department of 
Agriculture, Animal and Plant Health Inspection Service, Plant Protection and 
Quarantine, Smuggl ing Interdiction and Trade Compliance. Received by H. Meissner, 
USDA, APHIS. Personal communicat ion to on October 16, 2007, from G. Ruiz (APHIS 
Puerto Rico). Archived at the PERAL library, Raleigh, NC. 

Solis, D. V. 2005. The southern border of Mexico in the age of globalization.European Union 
and North American Border Security Policies in Comparat ive Perspective. University of 
Victoria, Victoria, British Columbia, Canada. 

Travour.com. 2008. Belize Ferry. Last accessed http:// islands.travour.com/belize/belize-
ferry.html. 

UN WTO. 2006. Compendium of tourism statistics data 2000-2004. United Nations World 
Tourism Organization, Madrid, Spain. 

UN WTO. 2008. World tourism barometer (Available at: 
http://www.unwto.org/facts/eng/barometer.htm) (Volume 6, No. 1). United Nations World 
Tourism Organization, Madrid, Spain. 5 pp. 

USDA-APHIS-PPQ. 2008a. Manual for Agricultural Clearance (Available at: 
http://www.aphis.usda.gov/import export/plants/manuals/online manuals.shtml). United 
States Department of Agriculture, Animal and Plant Health Inspection Service, Plant 
Protection and Quarantine. Last accessed 
http://www.aphis.usda.gov/import export/plants/manuals/online manuals.shtml. 

USDA-APHIS-PPQ. 2008b. Slide presentation: Ponce Workunit II USDA APHIS PPQ. 
USDA. 2008a. Agriculture Quarantine Activity Systems - PestlD. (Archived at PERAL). 
USDA. 2008b. Agriculture Quarantine Activity Systems - Work Accompl ishment Data System 

(WADS). (Archived at PERAL). 
Welbourn, C. 2007. Red palm mite Raoiella indica Hirst (Acari: Tenuipalpidae) (Available at: 

http://www.doacs.state.fl.us/pi/enpp/ento/r. indica.html). Pest Alert, Florida Department of 
Agriculture and Consumer Services, Division of Plant Industry. Last accessed May 12, 
2008, http://www.doacs.state.fl.us/pi/enpp/ento/r. indica.html. 

WTTC. 2008. Travel & tourism - The winds of change. World Travel and Tourism Council, 
London, United Kingdom. 20 pp. 

201 



Proceedings of the Caribbean Food Crops Society. 45: 188-194. 2009 

FUNGAL DIVERSITY ASSOCIATED WITH EXOTIC TROPICAL FRUITS R A M B U T A N 
(NEPHELIUM LAPPACEUM L.) A N D L O N G A N ( D I M O C A R P U S LONGAN L.) IN PUERTO 
RICO 

Luz Miryam Serrato, Lydia I. Rivera (University of Puerto Rico), and Ricardo Goenaga (USDA-
ARS-TARS). Email: luzmiryamserrato@yahoo.es 

A B S T R A C T : Rambutan (Nephe l i um lappaceum L.) and longan (Dimoca rpus longan L.) are 
exotic tropical fruits of increasing importance in international markets, and have awakened great 
interest from farmers in Puerto Rico. During 2008 and 2009, fruit rot and lesions on leaves, 
branches, and f lowers were observed in rambutan and longan orchards through the island. To 
examine fungal diversity associated with exotic tropical fruits, samples from different organs 
were collected in symptomatic and asymptomatic trees. Plant tissue was superficially 
disinfected and transferred to acidified potato dextrose agar to promote the development of 
fungi. A total of 311 fungal isolates were obtained, which include 19 genera. Based on 
morphology, the following species have been identified: Beltrania rhombica, Botryodiplodia 
theobromae, Botryosphaeria spp., Colletotrichum gloeosporioides, Colletotrichum spp., 
Curvularia spp., Cylindrocladium floridanum. Dolabra nepheliae, Fusarium spp., 
Gliocephalotrichum bulbilium, Lasmenia spp., Pestalotiopsis spp., Phomopsis spp., Septoria 
spp., Tripospermum variabile, and Tripospermum porosporiferum. Pathogenicity tests are in 
progress under laboratory and greenhouse conditions, using seedlings and detached fruit. PCR 
amplification of the rDNA ITS region and the ß-tubulin gene will complement morphological 
identification of fungi. 

Keywords: Fungi, Rambutan, Longan, Exotic tropical fruits 
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COMPARACI0N DE TAMANOS DE GOTAS MEDIDOS Y TEÔRICOS EN ASPERSORES DE 
TAMANO MEDIO 

Ruly Nin y Ângel Pimentel, Instituto Dominicano de Investigaciones Agropecuarias y Forestales 
(IDIAF). Correo Electrônico: rnin@idiaf.org.do 

RESUMEN: Los modelos de simulaciôn del riego por aspersion utilizaban la teoria balistica 
para obtener la distribuciôn de los tamanos de las gotas, ya que no existian metodologias 
prâcticas para obtener las mismas. En el ano 2007 en Albacete, Espana, se utilizô un 
disdrômetro ôptico para medir la distribuciôn de los tamanos de gotas en aspersores de tamano 
medio y para comparar éstos con los calculados mediante la teoria balistica. Se utilizô un 
diseno completo al azar con arreglo factorial, con très presiones de trabajo (220, 320 y 450 
kPa) a seis distancias del aspersor (3, 5, 7, 9, 11 y 13 m). La variable evaluada fue el diâmetro 
mediano de volumenes (DMV). Se encontre efecto de interacciôn significativa en los factores 
en estudio (a=0.01), siendo el mayor promedio a la presiôn de 220 kPa y a 13 m de distancia 
(3.18) y el menor a 450 kPa a 3 m (0.77). Al comparar las gotas médias con las calculadas con 
la teoria balistica se observô que la teoria balistica tiende a sobreestimar los diâmetros en la 
presiones de 320 y 450 kPa, siendo mayor la diferencia a la distancia de 13 m, mientras que en 
la presiôn de 220 kPa ocurre lo contrario. Como un efecto del uso de una sola boquilla y baja 
presiôn (220 kPa), en la distancia de 7 m se produce una gran diferencia entre las gotas 
medidas y las teôricas. A esta distancia ocurre un descenso en los DMV, porque hasta ese 
limite es que llegan las gotas pequenas, producto de la interrupciôn del chorro por parte de la 
pala del aspersor y la aplicaciôn de la teoria balistica no es capaz de apreciar. 

Palabras Clave: Disdrômetro, Aspersor, Tamanos gotas riego 
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SATELLITE SOLAR INSOLATION-BASED DAILY EVAPOTRANSPIRATION 
ESTIMATION IN PUERTO RICO 

Eric. W. Harmsen1 and John Mecikalski2, depar tment of Agricultural and Biosystems 
Engineering, University of Puerto Rico, Mayagüez Campus, Call Box 9000, Mayagüez, Puerto 
Rico 00681, eric.harmsen@upr.edu and depar tment of Atmospheric Sciences, University of 
Alabama in Huntsville, National Space Science and Technology Center, U.S.A., 
johnm@nsstc.uah.edu 

ABSTRACT: This paper presents a technique in which satellite solar insolation estimates are 
used to predict daily reference évapotranspiration (ET0) using the Penman-Monteith, Preistly-
Taylor and Hargreaves-Samini methods for Puerto Rico. The method relies on solar insolation 
derived from the GOES satellite. Average, minimum and maximum daily air temperatures were 
obtained from a regression procedure that depends on surface elevation and day of the year. 
The air temperature was adjusted by using actual daily temperatures from several locations in 
Puerto Rico. Dew point temperature was assumed to be equal to the daily minimum 
temperature, and a value of 1.9 m/s was assumed for wind speed, similar to the world wide 
average wind speed of 2.0 m/s reported by the United Nations Food and Agriculture 
Organization. As an example, daily ET0 maps are presented for March 5, 2009, using the three 
methods. The Penman-Monteith, Priestly-Taylor and Hargreaves-Samani methods in general 
produced similar results, with the Penman-Monteith producing the lowest values. This research 
represents a preliminary step in the development of an ET0 product for Puerto Rico. This 
product is a potentially valuable tool for conducting water resource studies and for supporting 
irrigation scheduling efforts. 

Keywords: Evapotranspiration, Solar insolation 
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SIMULATION STUDIES TO ESTIMATE SOIL EROSION AS INFLUENCED BY RAINFALL 
INTENSITY AND SLOPE IN SOME TRINIDAD SOILS 

Adam Redhead and Gregory Gouveia, Department of Food Production, The University of the 
West Indies, St. Augustine, Trinidad 

ABSTRACT: Soil erosion is among the most critical global environmental hazards. Quantitative 
data for Trinidad and Tobago is limited and reliability is a major problem. In Trinidad farming is 
practiced on almost every type of terrain, from the hills and valleys to the terraces and plains, 
with erosion being evident in many instances during a rainfall event. With the expansion in 
agriculture to meet demand and achieve food security, many environmental problems could 
arise from the expected increase in loss of top soil by erosion. Many farmers also apply Ρ and Ν 
fertilizers, which can be lost along with sediments during run-off and erosion. A study was 
therefore undertaken to determine the effects of slope angle and rainfall intensities on soil 
erosion under controlled conditions in a simulated exercise using four diverse soil types from 
Trinidad. The different rainfall intensities were obtained by using a rainfall simulator, and the 
studies were done in a controlled environment with soil types established in large metal trays of 
dimensions three feet by two feet in area and 10 inches deep. Three slope categories were 
studied; 5% slope, 10% slope and 30% slope; each plot was subjected to three different rainfall 
intensities: low (20 to 25 mm/h), medium (50 to 60 mm/h) and high (100 mm/h). The volume of 
runoff was calculated and a representative sample was taken from the suspension to determine 
nitrate, phosphorous, and total suspended solids. Data will be analyzed statistically and 
presented in the paper. 

Keywords: Rainfall simulation, Erosion, Runoff 
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EFFECT OF SUPPLEMENTATION WITH A COMMERCIAL CONCENTRATE ON BODY 
WEIGHT GAIN OF WEANED LAMBS 

Carlos Rosario, Abner A. Rodriguez and Elide Valencia, University of Puerto Rico, Mayagüez 
Campus. Email: abner.rodriguez3@upr.edu 

ABSTRACT: This experiment evaluated the effect of supplementation with a commercial 
concentrate (CC) on body weight gain of weaned ewes grazing native tropical grasses (NTG). 
Twelve native weaned female lambs were assigned to one of two treatments: grazing NTG 
without supplementation (T1; BW 19.54 kg), or supplemented with 227 g/d of a CC (T2; BW 
19.54 g). Lambs were rotated in two plots containing mainly guinea-grass (Urochloa maxima) 
for 8 weeks. The CC was offered daily at 6:00 a.m. before grazing. Lambs were weighed weekly 
during an 8-w period (56 d) to calculate total body weight gain (TBG), weekly body weight gain 
(WBG) and average daily body gain (ADG). The supplementation cost was calculated on the 
basis of the cost of the CC. Samples of NTG and CC were analyzed to determine crude protein 
(CP) and neutral detergent fiber (NDF) content. The CP and NDF content in the CC was 16% 
and 46%. In NTG CP content as 4%; NDF, 71%. TBG, WBG and ADG in lambs supplemented 
with CC was 5,909; 738; and 105 g, respectively. In lambs without supplementation TBG was 
4,545, WBG 568 and ADG 81 g. Using as base the price of $0.44 /kg of CC, in this experiment 
the cost of supplementation attributable to feed was $5.60 per animal per 56 d. In summary, 
lambs supplemented with 227 g/d of CC had more TBG (1,363 g), WBG (170 g) and ADG (24 g) 
than animals without supplementation. However, because of the cost of supplementation ($.10 
per animal per day), an economic study to determine its viability is needed. 

Keywords: Lambs, Supplementation 
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IΝ-VITRO DEGRADABILITY OF BUFFEL GRASS, PIGEON PEA, AND PERENNIAL 
PEANUT USING COW AND GOAT RUMINAL INOCULUM 

Laurie T. Ramos, Abner A. Rodriguez, Elide Valencia, and Paul F. Randel, University of Puerto 
Rico, Mayaguez Campus. Email: abner.rodriguez3@upr.edu 

ABSTRACT: In tropical environments, ruminant feeding systems mainly rely on the use of 
variable-quality tropical grasses. These grasses often do not fulfill the minimum nitrogen 
requirements of the ruminant microflora, all of which results in a poor rumen degradability. 
Tropical legumes represent a potential alternative to improve the rumen degradability of the 
overall diet. This experiment evaluated the in-vitro dry matter degradability of the tropical grass 
Buffel (Cenchrus ciliaris, BG) and the tropical legumes pigeon pea (Cajanus cajan cv. Kaki, PP) 
and perennial peanut (Arachis pintoi, PN). The in-vitro apparent degradability (IVAD) and true 
degradability (IVTD) of the dry matter were determined by using three digestion jars (2,000 ml 
capacity: ANKOM Technology). To each digestion jar (two with cow inoculum, one with goat 
inoculum) 800 ml of ruminai fluid and 1,200 ml of artificial saliva (McDougal, 1948) were added. 
Triplicate samples of each forage were added to each digestion jar periodically to complete six 
different incubation times (0, 3, 6, 18, 24, and 48 h). The IVAD after 48 h was greater for the two 
legumes than for grass (BG=11.87%, PP=20.76%, and PN=37.20%). Both IVAD and IVTD 
differed among the three forages evaluated, PN, PP, and BG, in decreasing order. In addition, 
the IVAD and IVTD values were greater for the cow ruminai inoculum than for the goat in all 
three forages. In conclusion, the IVAD and IVTD were greatest for the perennial peanut using 
both inocula, and the IVAD and IVTD of both tropical legumes were higher than those of the 
tropical grass. 

Keywords: Legumes, Degradability 
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AGRONOMIC CHARACTERISTICS AND CHEMICAL COMPOSITION OF PIGEON PEA 
(CAJANUS CAJAN CV. KAKI) HARVESTED AT DIFFERENT STAGES OF MATURITY 

Victor J. Figueroa Ortiz, Abner A. Rodriguez, Elide Valencia, and Paul Randel, University of 
Puerto Rico, Mayagüez Campus. Email: abner.rodriguez3@upr.edu 

ABSTRACT: An experiment was conducted to evaluate the agronomic characteristics and 
chemical composition of pigeon pea (Cajanus cajan cv. Kaki, PP) harvested at 60, 75, 90, 120, 
and 180 d of maturity. At each stage of maturity, height measurement was taken from 16 plants 
randomly selected from a 10 by 15-m plot. Eight plants were also separated into botanical 
fractions, leaves (L) and stems (S) to determine L:S ratio. The chemical composition (dry 
matter, crude protein and NDF content) of the whole plants and botanical fractions (L and S) 
was also determined by using standard procedures. Logically, plant height steadily increased as 
the plants grew and matured, showing height values at 60, 75, 90, 120 and 180 d of 48", 54", 
75", 81" and 83", respectively. The corresponding L:S ratios (wt/wt) were 1.10, 1.10, 0.84, 0.43, 
and 0.33. In the whole plant DM and NDF content increased by 14 and 20 percentage units, but 
CP content decreased by 3 as plant maturity increased from 60 to 180 d. At the five successive 
stages of maturity, CP content in leaves exceeded (P<0.05) that in stems (L vs. S: 24% vs. 8%, 
23% vs. 5%, 24% vs. 8%, and 21% vs. 11%), but NDF was lower (Leaves: 52.3%, 52.7%, 
53.9%, 56.4%, 60.2%; and Stems: 65.1%, 69.4%, 73.2%, 75.2%, 68.8%). In summary, stage of 
maturity affected the plant height and chemical composition of pigeon pea as expected. Further 
experiments need to be conducted on the optimum stage of maturity at which to harvest pigeon 
pea by small ruminant browsing. 

Keywords: Cajanus cajan, Maturity 

208 



Proceedings of the Caribbean Food Crops Society. 45: 188-194. 2009 

FIELD TRIAL EVALUATIONS OF ROOT-KNOT NEMATODE RESISTANCE IN T IFGUARD 
PEANUT 

J. R. Rich, R. Kemerait, and B. L. Tillman, University of Florida. Email: j immyr@ufl .edu 

A B S T R A C T : Peanut is an important food crop worldwide and is the main source of greatly 
needed protein in many parts of the world. Because of its importance as a human food source, 
however, peanut is often mono-cultured or grown in shortened rotations all of which increases 
problems caused by root-knot nematodes ( M e l o i d o g y n e arenaria and M. javanica). Until 
recently, resistance to these two major pathogens was not available in commercial peanut 
varieties. In the USA, three runner-type peanut varieties, NemaTam, COAN, and Tifguard, have 
been developed to contain a single dominant gene for resistance to M. arenaria and M. 
javanica. Tifguard is the most recently released variety and possesses not only excellent 
resistance to root-knot nematodes but also to common fungal and viral diseases such as tomato 
spotted wilt and Cercospora leafspot. This variety was developed by the USDA-ARS in Tifton, 
Georgia, USA. Two replicated field trials were conducted in order to compare and contrast the 
nematode resistance in Tifguard to runner-type varieties commonly grown in the southeastern 
USA. Varieties tested included Georgia Green, the most widely grown peanut variety, and 
newer varieties AP3, York and Florida 07. The test sites were moderately infested with M. 
arenaria and were irrigated only under extremely dry conditions in order to increase stress on 
the plants. The average yield of the four nematode-susceptible varieties was 2,769 kg/ha 
whereas the nematode-resistant variety, Tifguard, yielded an average of 5,114 kg/ha. Soil 
population densities of M. arenaria juveni les (J2) obtained at harvest in the nematode 
susceptible varieties were 175/100 cm3 soil whereas those in the Tifguard plots averaged 99 
J2/100 cm3 soil. The single dominant gene resistance to the root-knot nematodes, M arenaria 
and M javanica, should be relatively easy to transfer to locally adapted varieties grown in the 
Caribbean, and it offers a highly cost effective and environmentally sound practice for managing 
plant-parasitic nematodes. 

Keywords: Nematode resistance, Root-knot nematode, Peanut varieties 
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PODA DE DESPUNTE DE RAMAS EN ÂRBOLES DE MANGO PARA MEJORAR LA 
PRODUCTIVIDAD 

Daysi Martich, Candida Batista y Tomas Davenport. Instituto Dominicano de Investigaciones 
Agropecuarias y Forestales (IDIAF) y la Universidad de Florida. Correo electrônico: 
dmartich@idiaf.org.do 

RESUMEN: El mango (Mangi fera indica L.) es un cultivo fruticola disponible para competir en 
los mercados internacionales. Las condiciones climâticas tropicales inducen al mango a un 
râpido y excesivo crecimiento; solo se detiene con la carencia de un régimen de humedad y el 
empleo de cultivares enanizante como patrones que permiten al ârbol aumentar la 
productividad econômica y disminuir la productividad ecolôgica. Actualmente, se dispone de 
prâcticas de manejo que contribuyen a mejorar la productividad por unidad de superficie. La 
poda es una de las técnicas de mayor uso en la fruticultura. Sin embargo, no se tienen datos 
precisos sobre el punto ôptimo donde realizarse la poda de despunte de ramas para formar los 
ârboles. En el 2007 se condujo un estudio en la Estaciôn Experimental de Frutales Bani del 
IDIAF, con los cultivares introducidos 'Keitt', 'Kent', 'Tommy Atkins', 'Haden', 'Parvin' y el 
cultivar criollo 'Banilejo'. Con el objetivo de comparar el efecto de diferentes podas de despunte 
de ramas, se utilizaron siete tratamientos con diez repeticiones: seis con poda de despunte y 
un tratamiento control sin poda. Se utilizô un diseno de bloques al azar, utilizando una planta 
como unidad experimental. Se efectuô un anâlisis de la distribution de la poblaciôn de los datos 
registrados en cada variable. Los resultados demuestran que existen diferencias significativas 
entre los tratamientos y en los cultivares, y los tratamientos superaron al testigo. Se 
recomienda conducir estudios donde se considéré el aislamiento de estos efectos y donde se 
mida con precision y exactitud las fuentes de variation. 

Palabras claves: Mango, Poda, Productividad, Frutales 
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GROWTH A C C E L E R A T I O N OF QUENEPA ( M E L I C O C C U S BIJUGATUS) ROOTSTOCK 
WITH A N EXTRACT OF THE B R O W N A L G A ASCOPHYLLUM NODOSUM A N D A BLEND 
OF A M I N O ACIDS, PEPTIDES A N D RELATED COMPOUNDS 

J. Pablo Morales-Payân. Department of Crops and Agroenvironmental Sciences, College of 
Agricultural Sciences. University of Puerto Rico, Mayagüez Campus. P.O. Box 9030, P.R. 
00681-9030, morales.payan@upr.edu, iosepablomorales@vahoo.com. 

A B S T R A C T : Research was conducted in Mayagüez, Puerto Rico, to determine the effect of two 
biostimulants on the in-nursery growth of 'Martinez' quenepa grown for rootstock. A brown alga 
(Ascophyllum nodosum) extract (Stimplex®) and a commercial blend of amino acids and related 
compounds (Macro-Sorb Radicular®) were applied to the rootstock container substrate as 
drench every three weeks until the plants reached the adequate grafting stage. Plants treated 
with the biostimulants were ready for grafting earlier than control plants. In general, 'Martinez' 
quenepa response to the amino acid blend was somewhat greater than its response to the 
(Ascophyllum nodosum extract, but the extent of growth response depended on biostimulant 
rate. Both biostimulants may be useful to accelerate the growth of quenepa seedlings for 
rootstock. 

Keywords: Biostimulants, Physiological regulators, Tropical fruits 

INTRODUCTION 

The economic importance of quenepa, Spanish lime, limoncillo or mamoncil lo 
(Melicoccus bijugatus) has been increasing in Puerto Rico, where quenepa accounted sales 
were approximately $620,000 in fiscal year 2007-2008 (PR Department of Agriculture, 2009). 
The amount of quenepa demanded by consumers has been increasing; therefore, more 
commercial orchards need to be established. In Puerto Rico, several superior trees have been 
identified, named and described as selections for grafting to establish organized orchards 
(Cabrera and Brunner, 2000 and 2007; Sierra Gomez, 2006). Grafted quenepa trees are true to 
the selection grafted and reach the production stage in three to five years, at least three years 
earlier than in non-grafted trees (Cabrera and Brunner, 2000 and 2007). 

Quenepa seedlings take nine to 10 months to reach the adequate grafting stage (0.7 cm 
in stem diameter, at 20 cm above the soil). Transplant growers would benefit from practices that 
shorten the time for seedlings to be ready for grafting, hence reducing the need for labor, 
management and protection, thereby freeing resources to be used to produce other 
transplants.Acceleration of quenepa seedling growth may be achieved by using appropriate 
exogenous physiological regulators, but there is scarce documentat ion on the effect of 
exogenous regulators on quenepa growth. In quenepa seedlings, gibberell ic acid 3 has been 
shown to increase height, but not necessarily stem diameter (Morales-Payân and Santos, 
1997). 

In other crops such as tangelo (Citrus reticulata χ C. paradisi), Tahiti lime (Citrus latifolia 
Tanaka), grapefruit (Citrus paradisi) and in orange (Citrus sinensis), applications of a 
commercial mixture of amino acids, peptides, and nucleotides (Macro-Sorb Radicular®) and a 
commercial extract of the brown alga Ascophyllum nodosum (Stimplex®) were shown to reduce 
the time necessary to achieve adequate transplanting size after budding (Morales-Payân, 2008; 
Morales-Payân and Santiago, 2008; Santana et al., 2006). Stimplex® is an extract of the brown 
alga Ascophyllum nodosum, reported to contain auxins, betains, cytokinins, ol igosaccharides, 
organic acids and polysaccharides that appear to trigger hormonal responses in plants 
(Blunden, 1991; Crouch et al., 1992; Sanderson & Jameson, 1986; Sanderson et al., 1987; 
Tyihâk et al., 1994). Macro-Sorb Radicular® is a biostimulant derived from enzymatic hydrolysis 
of animal membranes, containing (weight/volume) 2% plant-available nitrogen, 21.3% free 
amino acids, peptides, nucleotides, and fatty acids, and 14.8% unidentified organic matter. 
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The objective of this research was to determine the effect of a commercial extract of the 
brown alga Ascophyllum nodosum (Stimplex®), and a commercial blend of free amino acids, 
peptides, nucleotides, and fatty acids (Macro-Sorb Radicular®) on the growth of quenepa for 
rootstock. 

MATERIALS A N D METHODS 

Container experiments were conducted in the fruit crops nursery of the Alzamora 
Teaching and Research Farm of the University of Puerto Rico in Mayagüez, Puerto Rico, in 
2007 and 2008. 'Martinez' quenepa seedlings were grown in 2-L bags filled with a top soil+sand 
substrate and were managed following local practices, except for the application of the 
biostimulant treatments. 

The treatments were established in a randomized complete block design with 10 
replications per treatment, where one seedling equaled one replication. The treatments 
consisted of soil applications (drench) of aqueous solutions of a commercial extract of the brown 
alga Ascophyllum nodosum (Stimplex®) (liquid formulation, 0.01% active ingredient based on 
kinetin-like biological activity) and a commercial mixture of amino acids, peptides, nucleotides 
and fatty acids (Macro-Sorb Radicular®)(l iquid formulation with 20% weight/weight solids with 
putative active ingredients). The rates of both products were 0, 0.25, 0.5, 0.75, and 1.0 ml of 
commercial product per liter of water per application. Each quenepa seedling received 150 ml of 
biostimulant aqueous solution per application, starting 30 days after seedling emerged in the 
substrate bags, and repeated every 21 days thereafter until seedlings attained adequate 
grafting size (AGS). Rootstock seedlings were considered at the AGS when their stems reached 
0.7 cm in diameter at 20 cm from the soil surface. Stem diameter at 20 cm from the soil surface 
was measured every 21 days after the first application of the treatments. Regression analysis 
(5% level) was conducted on resulting data. 

RESULTS A N D DISCUSSION 

Stem diameter was significantly affected by the treatments, with the time necessary to 
attain AGS decreasing as the rate of the kelp extract and the amino acid blend increased 
(Figure 1). In general, 'Martinez' quenepa seedlings grew faster when treated with the amino 
acid blend than when treated with the Ascophyllum nodosum extract. Time to AGS was reduced 
by as much as 15% and 21% when treated with the Ascophyllum nodosum extract and the 
amino acid and peptide blend, respectively, as compared to untreated seedlings (Figure 1). In 
other words, in the process of growing quenepa rootstock for grafting, using the Ascophyllum 
nodosum extract and the amino acid and peptide blend represented an acceleration of 
approximately 41 and 57 days, respectively, in time to AGS. 

The acceleration of growth found in Tahiti lime in this research is similar to that of the 
effects reported when an Ascophyllum nodosum extract and blends of amino acids, peptides 
and related compounds were applied in nursery to plants such as Tahiti lime, tangelo, 
grapefruit, and orange (Morales-Payân 2007; Morales-Payân and Santiago, 2008; Santana et 
al., 2006). The biostimulant effect of the Ascophyllum nodosum extract tested in this research 
may be attributed to the content of growth-promoting substances such as cytokins, auxin, 
betaines, oligosaccharides, polysaccharides, and organic acids, among others, all of which may 
enhance growth by themselves and/or may trigger hormonal responses in plants (Blunden, 
1991; Crouch et al., 1992; Sanderson & Jameson, 1986; Sanderson et al., 1987). 

The effect of the amino acid and peptide blend might be due to its reported auxin-
eliciting activity (Kaufman et al., 2005), tolerance to stress, and enhancement of photosynthetic 
activity, production of roots and nutrient uptake in plants (Kaufman et al., 2007; Rai, 2002), all of 
which in turn would enhance biomass accumulation and accelerate growth. Our results show 
that, aside from their specific modes of action in quenepa plants, both biostimulant formulations 
tested in this research may be useful to accelerate the growth of quenepa seedlings for 
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rootstock; the extent of growth promotion depended on the rate applied. Future research will 
include evaluation of other rates of these biostimulants separately and in tank-mixing, as well as 
other growth promoting exogenous substances. 

105 

0 0.25 0.5 0.75 1 

Biostimulant rate (ml/L) 

• Kelp Extract 

• Amino Acid Bien 

Figure 1. Effect of a kelp (Ascophyl lum nodosum) extract and an amino acid mixture on the time 
to adequate grafting stage of 'Martinez' quenepa seedlings for rootstock in Mayagüez, Puerto 
Rico. Data averaged from experiments in 2007 and 2008. 

ACKNOWLEDGEMENTS 

The author thanks Dr. Jeff Norrie of Acadian Seaplants Limited (Nova Scotia, Canada) 
and Dr. Anna Botta of Biolberica (Barcelona, Spain) for providing biostimulant samples for this 
research. 

REFERENCES 

Blunden, G. 1991. Agricultural uses of seaweed and seaweed extracts. In: M. D. Guiry & G. 
Blunden (eds.) Seaweed resources in Europe: uses and potential. Wiley, Chichester, 
England. Pages 65-81. 

Cabrera, I. & B.R. Brunner. 2007. Variedades de quenepa: Evaluation de la colecciôn de 
quenepas en la Estaciôn Exp. de Juana Diaz. Est. Exp. Agric. Univ. P.R., Rio Piedras, 
PR. 

Cabrera, I. & B. R. Brunner. 2000. Evaluation fitogenética de variedades de Melicoccus 
bijugatus L. (quenepa) en PR. XLVI Reunion Anual del Programa Coop. 
Centroamericano para el Mejoramiento de Cultivos y Animales (PCCMCA), 1-5 mayo, 
San Juan, PR. 

Crouch, I. J., M. T. Smith, J. Van Staden, M. J. Lewis, & G. V. Hoad. 1992. Identification of 
auxins in a common seaweed extract. J. Plant Physiology 139:590-594. 

213 



Kauffman III, G. L., D. P. Knievel, & T. L. Watschke. 2005. Growth regulator activity of Macro-
Sorb Foliar© in vitro. Plant Growth Regulation Society of America Quarterly 33:134-141. 

Kauffman III, G. L., D. P. Kneivel, & T. L. Watschke. 2007. Effects of a Biostimulant on the Heat 
Tolerance Associated with Photosynthetic Capacity, Membrane Thermostabil i ty, and 
Polyphenol Production of Perennial Ryegrass. Crop Science 47:261-267. 

Morales-Payan, J. P. & B. Santos. 1997. Effects of gibberellic acid and nitrogen on the 
seedlings of the tropical fruits Malpighia punicifolia, Spondias dulcis, and Malicoccus 
bijugatus. HortScience 32:602-603. 

Morales-Payan, J. P. & S. Santiago. 2008. Accelerating the growth of 'Orlando' tangelo (Ci t rus 
reticulata χ C. paradisi) in nursery with a commercial amino acid formulation, a 
commercial extract of kelp (Ascophy l l um nodosum), and a fertilizer. Abstr. Plant Growth 
Regulation Society of America 35:41. 

Morales-Payan, J. P. 2008. Using a commercial mixture of amino acids and a commercial 
extract of Ascophyllum kelp to reduce the t ime in nursery of 'Duncan' and 'Marsh' 
grapefruits (Ci t rus paradisi Macf.) in Puerto Rico. Proceedings of the Caribbean Food 
Crops Society 44:355-356. 

Puerto Rico Departament of Agriculture. 2009. Estadisticas Agricolas. 
ht tp: / /www.gobierno.pr/NR/rdonlyres/CF939105-E2DA-44EC-A0DF-
41622555F06A/0/ lngresoBrutoAgricola2006 07.pdf. (Accessed May 14, 2009). 

Rai, V. Κ. 2002. Role of amino acids in plant responses to stress. Biol. Plantarum 45:481-487. 
Sierra Gomez, M. 2006. Physical-chemical analysis of selected quenepa (Mel icoccus bijugatus 

Jacques) varieties. MS Thesis, CITA, UPR-Mayaguez. 
Sanderson, K. J. & P. E. Jameson. 1986. The cytokinins in seaweed: Could they be the active 

ingredient? Acta Horticulturae 179:113-116. 
Sanderson, K. J., P. E. Jameson, & J. A. Zabkiewicz. 1987. Auxin in a seaweed extract: 

Identification and quantitation of indole-3-acetic acid by gas chromatography-mass 
spectrometry. J. Plant Physiology 129:363-367. 

Santana, L. M., R. Gabriel, J. P. Morales-Payan, C. H. Puello, J. Mancebo, & F. Rondon. 2006. 
Effects of biostimulants on nursery growth of orange budded on volkamer lemon (Ci t rus 
volkameriana) and 'Swingle' citrumelo (C. paradisi χ Poncirus trifoliata). Proc. Plant 
Growth Regulation Society of America 33:210-212. 

Tyihâk, E., G. Blunden, & Y. Ma. 1994. Quantitative estimation of betaines in commercial 
seaweed extracts using overpressured layer chromatography. Journal of Applied 
Phycology 6: 469-473. 

214 



Proceedings of the Caribbean Food Crops Society. 45: 188-194. 2009 

ORGANIC FRUITS IN PUERTO RICO: A 2009 SURVEY FOR CONSUMER INTEREST AND 
PREFERENCES 

J. Pablo Morales-Payân, Department of Crops and Agro-environmental Sciences, University of 
Puerto Rico, Mayagüez Campus. Email: morales.payan@uprm.edu 

ABSTRACT: A survey was conducted in 2009 in Puerto Rico to explore the awareness, 
interest, and preferences of fruit consumers regarding organic fruits. The survey included 
questions on the definition of organic fruits, the frequency the consumers ate or were willing to 
eat organic fruits, preferences for specific fruits and their geographic origin, and willingness to 
pay a premium for organic fruits with different grades of external appearance as compared to 
conventional fruits. Nearly 35% of those interviewed provided a good definition of what is an 
organic fruit, whereas most equated organic with "grown without pesticides". In all cases, before 
continuing the survey they were explained what an organic fruit is according to US standards. 
Our results show that (1) more efforts are necessary to educate the general public regarding the 
nature of organic fruits (and other organic products); (2) there is an interesting and mostly 
unsatisfied market for organic fruits in Puerto Rico; (3) organic fruit grown on the island may 
command a premium price as compared to imported organic fruit; and (4) consumers are willing 
to tolerate aesthetic deficiencies to some extent but would expect a reduction in price as a 
result. The organic fruits most people were interested in having available in Puerto Rico were 
banana, apple, orange, tangerine, avocado, strawberry, grape, mango, pineapple, and 
watermelon. 

Keywords: Consumer preferences, Organic fruits 
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POST-HARVEST TREATMENT WITH AMINOETHOXYVINYLGLYCINE (AVG) AND 
STORAGE TEMPERATURES AFFECT PEACH SHELF LIFE 
J. Pablo Morales-Payân, Maria del Carmen Librân, Department of Crops and Agro-
environmental Sciences, College of Agricultural Sciences. University of Puerto Rico, Mayagüez 
Campus. P.O. Box 9030, Mayagüez P.R. 00681-9030, morales.payan@upr.edu, 
iosepablomorales@yahoo.com, and Evelio Hernândez, Agric. Exp. Station, University of Puerto 
Rico, Mayagüez Campus. 

ABSTRACT: Experiments were conducted in Mayagüez, Puerto Rico, to assess the effect of 
the physiological regulator aminoethoxyvinylglycine (AVG) as a post-harvest treatment on a low-
chill peach variety grown in Puerto Rico. Fruits of 'FlordaPrince' were harvested at the 40% 
green peel color stage and dipped in AVG aqueous solutions (0 and 300 mg/L) for 120 or 300 
seconds, allowed to air-dry, and stored at 10 or 20 °C. Five days after exposure to AVG, fruit 
weight loss, external coloration, acidity, and soluble solids were determined. When fruits were 
stored at 10° C, there was no detectable difference between AVG-treated and control fruits. 
However, when stored at 20° C, by five days after treatment fruits exposed to AVG for either two 
or five minutes were firmer than control fruits. These results indicate that, under the conditions 
of this research, the benefit of post-harvest AVG treatment in melting flesh peach depended 
more on post-treatment temperature than on time of exposure to AVG. 

Keywords: Caribbean agriculture, Fruit crops, Low-chill requirement, Organic, Post-harvest 

INTRODUCTION 

Peach (Prunus persica) varieties with low chill requirements have been introduced into 
Puerto Rico as a potential alternative crop for the highlands. Several of those varieties, including 
'FlordaPrince', thrive in Puerto Rico and produce fruits of good quality (Librân et al., 2005; 
Padilla-Paez & Morales-Payân, 2008; Ramos et al., 2008). By definition, peach fruits of melting 
flesh varieties such as 'FlordaPrince' undergo ripening rapidly after harvest and must be kept in 
cold storage to prolong their marketable life. Because of the delicate peel and rapid 
deterioration of tropic-grown peach fruits after harvest, it is important to develop practices that 
extend the fruit post-harvest life challenge. Hence, retarding peach ripening for several more 
days may be economically important for post-harvest handlers. 

The physiological regulator aminoethoxyvinylglycine (AVG) has been shown to retard 
ripening in various fruits, including peach. However, most of the documented effects of AVG in 
fruits relate to pre-harvest treatment (Begroli et al., 2002; Torrigiani et al., 2004; Vizzotto et al., 
2002), which may be less target-specific and may necessitate more product than post-harvest 
treatment. 

In a related study, the authors found that in 'FlordaPrince' peaches (harvested at the 
50% green peel color) treated with aqueous solutions of AVG (0, 100, 500 parts per million) for 
300 seconds and stored at cool temperature (20° C), AVG treatment helped retain fruit firmness 
and retarded fruit weight loss (Morales-Payan et al., 2009). Nevertheless, the effects of storage 
temperatures after exposure to AVG are largely unknown. The objective of this research was to 
assess the effects of post-harvest exposure to AVG and subsequent storage temperatures on 
the quality of 'FlordaPrince' peach fruits grown in Puerto Rico 

MATERIALS AND METHODS 

In the spring of 2009, fruits of 'FlordaPrince' were harvested from the University of 
Puerto Rico peach orchards at the Agricultural Experiment Station in Adjuntas, Puerto Rico (594 
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meters above sea level). Fruits harvested at the 40% green peel color stage were used for this 
experiment. 

The fruits were taken to the laboratory and dipped in aqueous solutions of AVG (0 and 
300 parts per million) for 120 or 300 seconds. After exposure to AVG, the fruits were allowed to 
air-dry and then were stored for five days at either 10 or 20 °C. After the 5-d cold storage, 
standard procedures (Crisosto, 2006) were used to determine fruit firmness, weight loss, acidity, 
and soluble solids on five fruits for each treatment. Analysis of variance and separation of 
means (Least Significant Difference, 5% significance level) were conducted on the resulting 
data. 

RESULTS AND DISCUSSION 

Time of exposure (120 and 300 seconds) to AVG did not result in significant differences 
in response to AVG rates (0 and 300 parts per million). However, fruit quality attributes were 
affected by AVG rates and storage temperature. 

Fruits stored at 10° C ripened faster than fruits stored at 20° C. When stored at 10° C for 
five days, there were no significant differences between fruits not exposed to AVG and fruits 
exposed to AVG at 300 mg/L (regardless of duration of exposure, 120 or 300 seconds). In 
contrast, when fruits were stored at 20° C for five days, there were no significant differences in 
quality variables caused by duration of exposure to AVG (120 or 300 seconds)(Table 1). The 
effect of storage temperatures may be partially attributable to higher respiration rates and 
enzymatic activity at 20° C than at 10° C, all of which has been documented in peach (Crisosto, 
2006) and other fruits such as banana (Bhande et al., 2007), strawberry (Shin et al., 2008), 
avocado (Quezada, 2005), and tomato (Nie et al., 2009). 

Exposure to AVG followed by storage at 20° C did not significantly affect fruit weight 
loss, acidity, or soluble solid content. However, exposure to AVG significantly reduced loss of 
firmness (by approximately 50%) as compared to that of 'Flordaprince' fruits not treated with 
AVG stored at 20° C (Figure 1). These results are similar to those reported by the authors for 
'Flordaprince' peach fruits harvested at the 50% green peel stage and exposed to AVG. In that 
study, by seven days after treatment application, AVG-treated fruits were firmer and had lost 
less weight than fruits not treated with AVG (Morales-Payân et al., 2009). 

In summary, in this research, response to AVG was not significantly affected by duration 
of exposure (120 or 300 seconds), but storage temperature was a determining factor in the 
response of 'Flordaprince' fruits to AVG treatment. There was little benefit to AVG treatment 
when fruits were stored at 10° C, but fruits stored at 20° C were firmer at five days after 
treatment than untreated fruits. Because AVG-treated 'Flordaprince' fruits retained firmness 
better than control fruits, without other quality factors being affected, AVG treatment in post-
harvest may be useful in extending the post-harvest life of the fruit. Future research will focus on 
exploring other temperature regimens after exposure to AVG, and on other post-harvest 
ripening regulators. 

Table 1. Selected fruit quality attributes of 'Flordaprince' peach after post-harvest exposure to 
AVG (dipping for 120 seconds in aqueous solution at 300 parts per million) followed by storage 
for five days at 20° C. Percentage expresses the highest value for each attribute. Values 
followed by the same letter are not significantly different. 

Fruit quality attribute Check Treated with AVG 
Firmness 53.3b 100.0a 
Acidity 94.4a 100.0a 
Soluble solid content 100.0a 95.1a 
Weight 95.2a 100.0a 
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MORPHOLOGICAL A N D M O L E C U L A R CHARACTERIZATION OF FUNGI IN MANGO 
INFLORESCENCE IN COMMERCIAL CULTIVARS 

Manuel Pérez Cuevas and Lydia I. Rivera Vargas, University of Puerto Rico, Mayagüez 
Campus. Email: mpc2310@hotmai l .com 

A B S T R A C T : In Puerto Rico, mango ( M a n g i f e r a indica L.) is one of the most important fruits of 
the agricultural industry, with a market value of 8.7 million dollars, with 97 farms and 879 ha 
used for production in the year 2007. Inflorescence diseases and insect pests are the main 
constraints for mango production, causing a low production of fruit and reducing its potential. 
The purpose of this study was to describe the symptoms of disease and characterize 
morphological and molecular pathogenic fungi associated with the inflorescences of mango. 
Samples were taken from the inflorescences showing symptoms of necrosis, blight and also 
healthy inflorescences in seven flowering stages described by Schoeman et al. (1995). These 
are A) bud swell to bud break, B) mouse-ear, C) protected, D) green colored, E) red colored, F) 
red-open and G) full bloom. The samples were taken from cultivars Keitt, Haden, Irwin and 
Parvin; 19, 26, 5 and 36 of the isolates were obtained from cultivars Keitt, Haden, Parvin, and 
Irwin, respectively. Necrosis was observed after the flowering stage (C). The following genera of 
fungi associated with inflorescences in the cultivars tested were identified: Phomopsis sp. 
Fusicoccum sp., Alternaria sp., Colletotrichum sp., Curvularia sp., Pestalotiopsis sp., Fusarium 
sp., and Phoma sp.; these were isolated from inflorescences showing necrosis in petals and/or 
stems, as well as asymptomatic inflorescences. There were no symptoms associated with the 
genre Pestalotiopsis. The genera most frequently isolated were Phomopsis, Colletotrichum and 
Alternaria. 

Keywords: Symptoms, Mango inflorescence, Fungi 
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DOES A RHABDITIS SP. NEMATODE A F F E C T THE PATHOGENICITY OF 
ENTOMOPATHOGENIC NEMATODES A G A I N S T THE CITRUS ROOT WEEVIL, DIAPREPES 
ABBREVIATUS (COLEOPTERA: CURCULIONIDAE)? 

J. M. Garcia Pea1, J. A. Chavarria-Carvajal2 , D. A. Jenkins3, L. Duncan4 and D. Shapiro5. 
1Graduate Student and 2Professor, Department of Crops and Agroenvironmental Sciences, 
College of Agricultural Sciences, University of Puerto Rico. 3 USDA-ARS Tropical Agriculture 
Research Station, Mayaguez, Puerto Rico. 4Citrus Research and Education Center, University 
of Florida, Lake Alfred, FL, USA. 5 Fruit & Tree Nut Research Lab, Byron GA, USA. Email: 
josemiguel_garc ia@yahoo.com 

A B S T R A C T : Citrus crops are becoming increasingly important in Puerto Rico's economy, with 
about 3,100 hectares being cultivated every year. Citrus crops are affected by several diseases 
and pests. Among pests, Diaprepes abbreviatus (Coleoptera: Curculionidae) is the most limiting 
factor for local production. Entomopathogenic nematodes (EPN) are commonly used for the 
control of D. abbreviatus in some areas of the United States. Interactions between EPNs may 
be antagonistic, synergistic or additive. The relative susceptibility of D. abbreviatus to 
Steinernema glaseri (Isolate NJ93), Heterorhabditis bacteriophora and a local isolate of 
Rhabditis sp. were studied. There is currently some controversy about whether nematodes in 
the genus Rhabditis are pathogenic. We decided to see whether they impacted the 
pathogenicity of other EPNs. A 400 g soil sample was autoclaved twice and placed in a 1,000-
ml plastic container; soil was kept at field capacity. Ten D. abbreviatus larvae were placed into 
soil and an EPN and Rhabditis spp. were added at the rate of 20 infective juveniles/ cm2. 
Combined treatments consisted of half the rate of each nematode. A control with D. abbreviatus 
but without nematodes was included to compare the effectiveness of nematode treatments. 
Each treatment was replicated five times. Insect mortality was recorded at 2, 4 and 10 after 
treatment. Each experiment was replicated twice. The data was analyzed with ANOVA 
(P<0.05). No interaction between EPN and Rhabditis spp. was observed. Steinernema glaseri 
(Isolate NJ93) and H. bacteriophora showed similar efficacy controlling D. abbreviatus. No 
significant differences were observed among Rhabditis spp. and the untreated control. 

Keywords: Diaprepes abbreviatus, Steinernema glaseri, Heterorhabditis bacteriophora 
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MICROSCOPÎA DE LUZ Y ELECTRÔNICA DE RASTREO DE LAS UREDOSPORAS DE 
COLEOSPORIUM PLUMERIAE EN PLUMERIA RUBRA 

Ernesto J. Zayas Garcia y Lydia I. Rivera Vargas, Departamento de Cultivos y Ciencias 
Agroambientales, Universidad del Puerto Rico, Recinto Universitario de Mayagüez. Correo 
Electrônico: ernestoJzg@hotmai l .com 

RESUMEN: Plumeria spp. ο frangipani es un ârbol de la familia Apocynaceae nativa de 
regiones tropicales y subtropicales de las Américas. Se cultiva en el sur de la Florida, las 
Antil las y Hawaii. Este se ha introducido y extendido ampliamente a través de Asia tropical. 
Plumeria spp. cuenta con alrededor de ocho especies descritas, algunas alcanzando alturas de 
diez ο trece métros. Este ârbol posee grandes atributos ornamentales debido a sus flores y 
follaje, por lo cual se cultiva en jardines y âreas verdes. En Hawaii se confeccionan guirnaldas 
con sus llamativas y fragantes flores. En Puerto Rico es comun observar numerosas pustulas 
de color amarillo intenso, afectando su follaje de P. rubra con profusa esporulaciôn 
concentradas en el envés de la hoja. Se observan lesiones rojizas a marron oscuras asociadas 
con algunas pustulas. Esta enfermedad afecta el valor ornamental del ârbol y por consiguiente 
su mercadeo. Con el propôsito de identificar el agente causal se realizaron cortes a mano libre 
del tejido y se prepararon laminillas semipermanentes con lactofenol para examinarlas en el 
microscopio de luz. Ademâs, se prepararon secciones de tejido vegetal con sintomas para 
examinarse en el microscopio electrônico de rastreo. En el microscopio de luz se observa 
profusa difusiôn de uredosporas verrugosas de color amarillo intenso dentro de los uredios que 
conforman las pustulas. De acuerdo a su morfologia el agente causal es la roya de Plumeria 
sp., Coleosporium plumeriae (syn C. domingensis y Uredo dominguesis) pertenecientes al 
grupo de los Basidiomycetes. Considerando el dano severo que causa Coleosporium plumeriae 
en especies ornamentales de Plumeria, se deben establecer programas de manejo dirigidos a 
disminuir su infecciôn en planteles comerciales y privados. 

Palabras Clave: Ârboles tropicales, Uredosporas, Plumeria 
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SIMSERV: UN OUTIL INFORMATIQUE POUR ASSISTER LE CHOIX DE PLANTES DE 
SERVICE DANS LES SYSTÈMES DE CULTURE AGROÉCOLOGIQUES 

H. Ozier-Lafontaine, I. de Barros, JL. Diman, M. Farant, et D. Hammouya (INRA) 

RÉSUMÉ: L'augmentation de la diversité végétale dans les SDC est considérée comme un 
moyen de réinstauration des cycles naturels dans les systèmes cultivés en substitution au 
recours aux intrants chimiques polluants (engrais, pesticides). Les recherches menées dans ce 
cadre reposent en partie sur l'hypothèse générale que le maintien et le renforcement de la 
diversité biologique à l'intérieur et à proximité des agrosystèmes peut dans certaines conditions 
en augmenter l'efficience et la résilience tout en assurant des services environnementaux ou 
écosystémiques. Les plantes de couverture ou « plantes de service » (PDS) utilisées à ces fins, 
sont destinées à fournir - en association (moyennant une compétition maîtrisée) ou en rotation -
des services de capture-fourniture d'azote (via l'utilisation de légumineuses), de 
fixation/stockage de carbone, de contrôle parasitaire (allélopathie, protection croisée...), de 
contention de l'enherbement, de réduction du lessivage des minéraux, etc ... De nombreuses 
expérimentations sur l'intérêt des PDS ont été réalisées de par le monde en particulier en milieu 
tropical sur l'usage d'espèces différentes pour la fourniture de services spécifiques. Alors que 
cet usage tend à se généraliser avec la préconisation de méthodes agroécologiques de 
production, il n'existe aucun outil permettant une pré-sélection rapide de PDS sur des critères 
simples mais rigoureux, croisant les services requis(traits fonctionnels) avec les potentialités de 
la PDS et la faisabilité de son utilisation (longueur de cycle, effets adverses, ...). L'objectif de 
ce travail est d'initier une méthodologie experte (SIMSERV) visant à faciliter la sélection de 
plantes candidates pour un ou plusieurs services attendus. Elle repose sur i) l'établissement 
d'un référentiel générique sur les services, caractéristiques et fonctionnalités des PDS 
recensées, ii) la proposition d'une grille de notation simple des différents services (niveau bas, 
moyen bas, moyen haut, haut ou le cas échéant, notation booléenne 0/1, ...), iii) l'utilisation de 
méthodes issues de la logique floue et des statistiques bayésiennes pour effectuer les 
identifications pertinentes et leur hiérarchisation. Un test est présenté sur un nombre restreint 
d'espèces (espèces contrastées pour illustrer la démarche) avec l'outil SIMSERV. L'objectif à 
terme est de construire un réseau d'utilisateurs à large échelle à travers la CFCS et au delà, 
visant à alimenter cette base de données destinée à nourrir un système d'information 
accessible au plus grand nombre. Parallèlement à l'exploitation des données bibliographiques, 
ce canevas sera mis en ligne sur le Web, en demandant à tous les contributeurs potentiels de 
l'enrichir, en respectant aussi scrupuleusement que possible le cahier des charges de 
renseignement des différents critères. 

SIMSERV: A COMPUTER BASED DECISION SUPPORT SYSTEM FOR THE CHOICE OF 
DUTY PLANTS IN AGRO-ECOLOGIC CROPPING SYSTEMS 

H. Ozier-Lafontaine, I. de Barros, J.L. Diman, M. Farant, and D. Hammouya (INRA) 

ABSTRACT: Increasing diversity in cropping systems is considered as a key strategy to boost 
natural cycles within agricultural systems in substitution for chemical inputs like fertilizers and 
pesticides that have generally pollutant potentials. The research developed within this subject 
takes as a general hypothesis that the maintenance or the enrichment of the biological diversity 
within and around agricultural parcels can, under certain conditions, increase the efficiency and 
the resilience of the agrosystem while ensuring environmental and ecological services. Cover 
crops or "Duty Plants" (PDS), when used in association and properly managed in order to 
reduce competition, aim at supplying ecosystems services such as biological nitrogen fixation 
(through leguminous plants), carbon fixation and storage, parasite/pathogen control (through 
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allelopathy, cross-protection), weed control, reduction of nutrients and chemical leaching, 
among others... A large number of experiments researching the use of specific PDS species as 
supplier of specific services have been carried out around the world and particularly in tropical 
conditions. The uses of such PDSs tend to increase because of the growing generalization of 
agroecological production methods. However, for the time being, there is no available DSS to 
assist in the selection of PDS by matching both the agronomic and biological characteristics of 
the species with the site and cropping system attributes and the feasibility of their uses. The 
objective of this work is to initiate an expert methodology (SIMSERV) aiming to facilitate the 
selection of candidate PDS for one or several desired services. It is composed of three parts: i) 
Development of a referential data-base on services, characteristics and functionalities of 
selected PDSs; ii) The proposal of a simple notation framework (fuzzy or Boolean type) for the 
different services; and iii) Uses of methods originated from fuzzy logic and Bayesian statistics in 
order to identify and rank the PDSs. A simplified test, with a restrainted number of species and 
characteristics (contrasting in order to illustrate the approach) with SIMSERV is presented. The 
final objective is to build up a network of users throughout CFCS, and even more, aiming to feed 
up the data-basis of both PDS and cropping systems and to make the DSS (together with the 
database) accessible to a large number of users. Parallel to bibliographic mining, this canvas 
will be accessible on-line for a quick and dynamic interaction of potential users and contributors. 

Keywords: Database, Cropping systems, Duty plants 
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COMMERCIALISATION DE DENRÉES AGRICOLES EN SITUATION DE MARCHÉ 
INTÉRIEUR PEU STRUCTURÉ : EXPLORATION DES STRATÉGIES D'AGRICULTEURS AU 
NORD GRANDE-TERRE (GUADELOUPE, ANTILLES FRANÇAISES) 

R. Coudoux (ARECA/SAFER), et J-L. Diman (ARECA/INRA) 

RÉSUMÉ: En Guadeloupe comme dans beaucoup d'autres pays de la Caraïbe, l'histoire 
coloniale a façonné durablement l'activité agricole. Aujourd'hui encore, malgré un déclin 
incontestable, seules les productions destinées à un marché à l'export bénéficient d'une 
véritable structuration en filière. Sur le plan intérieur, la commercialisation des produits agricoles 
et plus globalement la structuration des filières agricoles apparaissent comme des freins 
majeurs au développement d'une agriculture guadeloupéenne en phase avec son marché le 
plus immédiat. Nous avons voulu comprendre dans ce contexte les déterminants des stratégies 
développées par les agriculteurs pour valoriser et commercialiser leurs produits vivriers et 
maraîchers. A la suite d'enquêtes effectuées auprès des agriculteurs du Nord de la Grande-
Terre, nous avons identifié différents modes de commercialisation. Ensuite, nous avons 
caractérisé différents types d'exploitations agricoles à orientation maraîchère et (ou) vivrière 
selon leurs stratégies de commercialisation. Quatre types d'agriculteurs ont été décrits en 
fonction de leurs priorités en terme de modes de commercialisation et des moyens de 
production (surface, équipement, main d'œuvre...) dont ils disposent. Les agriculteurs 
traditionalistes privilégient la vente directe au détail. Les agriculteurs performants favorisent la 
vente aux primeurs, grandes et moyennes surfaces, et organisations de producteurs. Quant aux 
agriculteurs expérimentés, ils favorisent la vente en gros ou demi-gros. Enfin les agriculteurs 
prudents privilégient la vente aux détaillants. Il apparaît qu'aucun débouché ne soit 
complètement satisfaisant et la tendance consiste à combiner plusieurs modes de vente pour 
répartir les risques en multipliant les opportunités. Les agriculteurs interrogés manifestent tous 
de l'intérêt pour les thèmes structurants évoqués (conception d'un marché itinérant, 
approvisionnement de la cuisine intercommunale). Toutefois, ils s'interrogent quant à la 
démarche de collaboration que mettront en place les pouvoirs publics pour concrétiser ces 
projets. 

MARKETING OF AGRICULTURAL FOODSTUFFS IN A SITUATION OF LITTLE 
STRUCTURED INNER MARKET: SURVEY OF FARMERS' STRATEGIES IN THE NORTH 
GRANDE-TERRE (GUADELOUPE, FRENCH ANTILLES) 

R. Coudoux (ARECA/SAFER) and J-L. Diman (ARECA/INRA) 

ABSTRACT: In Guadeloupe as in many other countries of the Caribbean, the colonial history 
shaped durably the agricultural sector. Today even, in spite of an indisputable decline, only 
productions intended for an export market benefit from a real structuralization. On the internal 
plan, farm crops marketing, and more globally, the structuralization of agriculture by sectors 
appear as major brakes to the development of a Guadeloupean agriculture in phase with its 
most immediate market. We wanted to understand in this context, the determiners of strategies 
developed by the farmers to value and to commercialize their food and vegetable crops. 
Through a survey made with the farmers of the North of Grande-Terre, we identified various 
forms of marketing. Then we characterized various types of farms with vegetable and (or) food 
crop orientation according to their strategies of marketing. Four farmer types were described 
according to their priorities in terms of ways of marketing and means of production (area, 
equipment, labour...) which they have. The "traditionalist" farmers prefer the privilege of direct 
selling retail. The "high level" farmers favor sale in scoops, big and medium supermarkets, and 
farmers' economic unions. The "experimented" farmers favor wholesale trade. Finally, the 
"careful" farmers prefer sale to retail dealers. It seems that no outlet is completely satisfactory, 

224 



and the tendency consists in combining several modes of sale to distribute risks by multiplying 
opportunities. Moreover, all the investigated farmers have shown a real interest for the 
structuralization proposals evoked (itinerant market, supply of the intermunicipal primary 
schools' kitchens, etc...). However, they wonder about the method of collaboration which will be 
set up by authorities to give concrete expression to these projects. 

Keywords: Crop marketing, Guadeloupe, Farmers 
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STRATÉGIES DE PRODUCTEURS VS DEMANDE DES CONSOMMATEURS : ÉLÉMENTS 
POUR UNE ORGANISATION MARKETING DES PRODUCTEURS D'IGNAMES 
(DIOSCOREA SP.) DE GUADELOUPE (ANTILLES FRANÇAISES) 

J-C. Merlo (ARECA/ENITA-C), J-L. Diman (ARECA/INRA), et J. Louisor (UPROFIG) 

RÉSUMÉ: L'igname constitue en Guadeloupe tant par les surfaces emblavées que par les 
volumes commercialisés ou le nombre d'agriculteurs concernés, la première culture destinée au 
marché intérieur. La consommation de cette famille de tubercules qui s'est depuis longtemps 
développée sur la base d'une production locale, est aujourd'hui en partie satisfaite par de 
l'importation. Différentes crises phytosanitaires peuvent expliquer en partie que le déficit de 
production locale se soit accentué au cours des dernières décennies. Cependant l'absence 
d'une organisation professionnelle maîtrisant l'évolution de la demande, du marché et en 
particulier des prix a également contribué à la situation actuelle. Une étude a donc été lancée 
pour mieux connaître l'aval de la filière igname tant du point de vue des consommateurs que du 
point de vue des stratégies de commercialisation mises en œuvre par les producteurs. Il s'agit 
d'apporter un éclairage sur les voies actuelles de valorisation des ignames, en identifiant tant 
les éléments dynamisant que les goulots d'étranglement, dans la perspective de pouvoir 
relancer la production guadeloupéenne. L'étude met en évidence d'une part, la diversité des 
stratégies des agriculteurs en termes de commercialisation et par voie de conséquence en 
terme de production d'igname. D'autre part, la demande des consommateurs de Guadeloupe en 
ignames locales est bien réelle, elle est caractérisée en termes qualitatifs et quantitatifs, de 
saisonnalité, et de prix relativement aux aliments de substitution disponibles sur le marché. Le 
temps d'apprêt, les prix élevés et la crainte d'une contamination par des pesticides 
organochlorés présents dans certains sols de Guadeloupe semblent être les principaux freins à 
la consommation. L'objectif de l'étude à terme est de fournir des éléments et indicateurs pour 
une politique marketing efficace permettant à une profession organisée de se développer à 
partir du marché intérieur. 

FARMERS' STRATEGIES VS DEMAND OF CONSUMERS: ELEMENTS F O R A MARKETING 
ORGANIZATION OF YAM PRODUCERS (DIOSCOREA SP.) IN GUADELOUPE (FRENCH 
ANTILLES) 

J-C. Merlo (ARECA/ENITA-C), J-L. Diman (ARECA/INRA), and J. Louisor (UPROFIG) 

ABSTRACT: Yam in Guadeloupe, by its cultivated area, its commercialized volumes or by the 
number of involved farmers, is the first crop intended for inner market. The consumption of this 
family of tubers, which has been developed for a long time on the basis of a local production, is 
now satisfied partially by importation. Several phytosanitary crises can explain in part, that the 
deficit of local production has increased during the last decades. However, the lack of a 
professional organisation mastering the evolution of yam demand, the market and in particular 
the prices also contribute to the current situation. A study was implemented in order to know 
better the postharvesting of the yam sector from the point of view of the consumers as well as 
from the point of view of the strategies of marketing implemented by the farmers. It is a question 
of shedding light on the current ways of valuation of yams, by identifying oportunities and 
threats, in the perspective of being able to boost Guadeloupean yam production. The study 
evidences, on the one hand, the variety of the strategies of the farmers in terms of marketing, 
and consequently in terms of yam cropping systems. On the other hand, the demand of the 
consumers of Guadeloupe in local yam is real; this demand has been characterized in 
qualitative and quantitative terms, by period, and in terms of prices with regard to the available 
alternative food on the market. The time of preparation, the high prices and the fear of a 
contamination by organochloric pesticides present in certain soils of Guadeloupe seem to be the 
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main obstacles to a better consumption. The objective of this study is to supply elements and 
indicators for an effective marketing policy allowing an organized agricultural union to be 
structurated from the internal market. 

Keywords: Yam, Guadeloupe, Marketing 
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EFFECT OF COVER CROP B IOMASS A N D GREEN MANURE SYSTEMS ON V E G E T A B L E 
YIELD IN LOW-EXTERNAL- INPUT (LEI) ORGANIC CROP PRODUCTION IN THE 
C A R I B B E A N 

Stuart A. Weiss1 , Danielle D. Treadwell2, Carlene Chase2 and Rachel Ben Avraham1 , 
1Agriculture Experiment Station, University of the Virgin Islands, Kingshill, US Virgin Islands, 
hor t i cu l tu ra l Sciences Department, University of Florida, Gainesville, FL 

A B S T R A C T : Cover crops (CC) as the primary method of soil fertility management is of 
particular interest to low external input (LEI) organic crop production systems where external 
inputs are not economically feasible and may not be locally available at all. A two-year system 
trial was established on a certified organic vegetable farm in St. Croix, U.S. Virgin Islands, to 
evaluate the effect of four systems, which varied in crop diversity, intensity and rotation, on the 
yield of four organically grown vegetable crops. Systems tested were 1) high crop complexity 
(HIGH) (legume and grass CC bicultures + vegetable crops (VC) with an intercrop); 2) 
intermediate crop diversity with legume CC (MED-L) + monoculture VC; and 3) intermediate 
crop diversity with grass CC (MED-G) + monoculture VC; and 4) a control of low crop diversity 
(LOW) (no CC + monoculture VC). Cover crops evaluated included sunn hemp (Cro ta la r ia 
juncea L.)[SH], velvet bean (Mucuna deeringiana) [VB], sorghum-sudan grass (Sorghum bicolor 
χ S. sudanense cv. Mega Green) [SS], and pearl millet (Pennisetum glaucum cv. Mega Mill) 
[PM]; plots with no CC were managed as weedy fallows [WF], Vegetable crops evaluated 
included tomato (Solanum lycopersicum L. cv. Bush Early Girl); tatsoi (Brassica rapa cv. 
Narinosa), cucumber (Cucumis sativus L. cv. Eureka), and sweet corn (Zea mays L. cv. 
Hawaiian Supersweet #9A). Following CC incorporation, VC rotation 1, consisting of tomato 
and totsoi plots, was established. Directly after terminating VC 1, VC 2, consisting of cucumber 
and corn plots, was cultivated to complete the cropping year. Statistical analysis was performed 
by CC rotation and system complexity using PROC MIXED (SAS). In 2006, covers SH+PM 
yielded 10,355 kg/ha of biomass and were greater than WF, VB, SH, but similar to SS, PM, and 
SS+VB, which yielded 6,967; 6,477; and 7,306 kg/ha of biomass, respectively (p<0.05). A 
similar trend occurred in 2007 with the SS producing 11,433 kg/ha of total biomass, which was 
greater (p<0.05) than WF, PM, and SH. Years 1 and 2 had similar trends for complexity with 
HIGH and MED-G levels producing biomass levels of 9,270; 8,806; 9,709; and 10,890 kg/ha, 
respectively, which were significantly greater than for the LOW and MED-L levels, which 
produced 4,900; 6,150; 5,378; and 7,144 kg/ha, respectively (p<0.05). In year 1, marketable 
tomato yield was greatest in the PM CC rotation at 43,559 kg/ha, which was similar to yields 
from the WF, SS, SH, and VB CC rotations, but was greater than marketable yields from the 
SH+PM and SS+VB CC rotations with 21,108 and 20,269 kg/ha, respectively (p<0.05). In year 
2, tomato yields in the SS+VB CC rotation had the greatest marketable yield at 50,333 kg/ha, 
which was similar to yields from the PM, SS, SH, and SH+PM CC rotations, but different from 
the WF and VB CC rotations with marketable yields of 24,928 and 24,986 kg/ha, respectively 
(p<0.05). When analyzed by system complexity, year 1 total (marketable and non-marketable) 
marketable yields were lower in the HIGH complexity system than similar total and marketable 
yields for the LOW, MED-G, and MED-L complexity levels (p<0.05). System complexity in year 
2, had no effect upon tomato yield. Totsoi marketable yield in year 1 was greatest for the WF 
and SS CC rotations with similar yields of 8,950 and 7,943.8 kg/ha, compared to marketable 
yields from the SS+VB and SH+PM CC rotations with 5,875 and 6,312.5 kg/ha, respectively 
(p<0.05). Cover crop rotation SH yielded 17,230 kg/ha of marketable totsoi in year 2, compared 
to VB with the lowest yield at 9,580 kg/ha (p<0.05). In both years, system complexity had no 
effect upon totsoi yield. In year 1 corn had similar marketable ear yields from the WF, SS, and 
PM CC rotations with the WF having the highest yield of 5,052 kg/ha, compared to similar yields 
from the SH, SS+VB, and SH+PM CC rotations with SS+VB with the lowest at 2,224.5 kg/ha 
(p<0.05). Corn yields in year 2 resulted in the lowest yields again from the SS+VB CC rotation 
with 1,636.9 kg/ha and the highest marketable ear yields from the PM CC rotation at 4,089.3 
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kg/ha, yields which were similar to those of the WF, SS, VB, SH, and SH+PM rotations (p<0.05). 
For system complexity level, year one had the only differences noted, with the LOW level having 
the greatest yield at 5,052 kg/ha, which was similar to the MED-G level and the HIGH level 
having the lowest yield at 2,442.4 kg/ha, all of which is similar to the MED-L complexity level 
(p<0.05). Cover crop rotations WF, PM, SH, and VB for year 1 resulted in greater marketable 
cucumber yields than those from CC rotations SH+PM and SS+VB. The largest marketable 
yield was recorded from the PM CC rotation at 28,146 kg/ha, compared to the lowest 
marketable cucumber yield at 13,737 kg/ha from the SH+PM CC rotation (p<0.05). Year 2 
cucumber yields with the PM CC rotation again had the greatest yield at 20,273 kg/ha, which 
was similar to yields from WF, SS, SH, VB, and SH+PM CC rotations but greater than the 
SS+VB rotation at 6,397.5 kg/ha, which was also similar to yields from the WF, SS, SH, VB, and 
SH+PM rotations. For cucumber in year 1, the HIGH complexity level had the lowest total, 
marketable, and non-marketable yields, compared to the other three complexity levels. Year 2 
exhibited no differences across all system complexity levels. 

Keywords: Organic crops, Crop diversity, Rotation, Cover crops 
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