
CARIBBEAN 

FOOD 

CROPS SOCIETY 

31 
Thirty First 

Annual Meeting 1995 

Barbados 

Vol.XXXI 





PROCEEDINGS 

OF THE 

31st ANNUAL MEETING 

10-14 July 1995 

Dover Convention Centre, Barbados 

Held jointly with the 
Barbados Society of Technologists in Agriculture 

Proceedings Edited 
by 

Louis E.Chinnery and Don Walmsley 

Proceedings Prepared 
by 

Gerald A. Proverbs 

Published by the Caribbean Food Crops Society 



© Caribbean Food Crops Society, 1996 

Publishing of these proceedings 
was made possible through a grant provided by the 

Caribbean Development Bank 

ISSN 95-07-0410 

Copies of this publication may be obtained from: 

Secretariat, CFCS 
c /o University of the Virgin Islands 
VI Cooperative Extension Service 
Route 02, Box 10,000 
Kingshill, St Croix 
US Virgin Islands 00850 

or from: 

CFCS Treasurer 
c /o P.O. Bpx 506 
Isabela, Puerto Rico 00663 

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 its meetings 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. 



CONTENTS 

Preface χ 

Open ing Ceremony 

Feature Address 

The Uruguay Round Agreement on agriculture: its implications for the 
Caribbean region. (FAO position paper). 

Lawrence A Wilson, FAO Subregional Representative for the Caribbean I 

Opening Address 

The Honourable Ronald Toppin, Ministry of Agriculture and Rural Development, 
Barbados 3 

Global T r a d e Liberalization and Car ibbean Agricul ture 

Trade liberalization and Barbados agriculture 
Mary G. Zepherin and Emmerson Beckles 8 

Trade policy options for Caribbean agriculture in an era of trade liberalization 
Hayden Blades and Gary Melville 30 

Agricultural trade negotiations in the FTAand NAFTA 
Philip Stone 42 

F r u i t Crops 

The distribution, history and use of the African baobab in Barbados 
John Rash ford 50 

The phenological behaviour of fruit crops in Barbados 
Stevenson E. Skeete 62 

Possible bacterial etiology of papaya bunchy top disease 
M.J Davis, J.B. Kramer, F. H. Ferwada and B. R. Brunner 74 

The effect of papaya ringspot on production and future means of possible control 
Thomas W. Zimmerman 82 

i i i 



Field evaluation of conventional and tissue-culture material of the 
Hua Moa plantain (Musa acuminata χ M. balbisiana, AAB) 

F. Vâlquez and R. Ruberté 88 

Onion Produc t ion in the Ca r ibbean 

CARDI's role in the recent development of the onion industry in Barbados 
Frances L. Chandler 93 

The task force approach and its impact on increasing onion production 
in St Kitts and Nevis 

C.S. Weckes and S. Powell 102 

Evaluation of onion germplasm for yield characteristics in the US Virgin Islands 
S.M.A. Crossman, M.C. Palada and J.A. Kowalski 111 

The introduction of new short-day onion varieties into the vegetable production system 
in St Kitts and Nevis 

C.S. Weekes and A. Farrier 117 

Alternate hosts to Xanthomonas campestris, the causal agent of leaf blight of onion 
Leonard W. O'Garro and Litta Paulraj 128 

H e r b s and New Crops 

Organic and synthetic mulches affect yield of basil under drip irrigation 
Manuel C. Palada, Stafford M. A. Crossman and Jacqueline A. Kowlaski 133 

Water use and yield of basil as influenced by drip irrigation levels and mulching 
Manuel C. Palada, Stafford M. A. Crossman and Jacqueline A. Kowlaski 143 

A dehydrated product from the culinary herb, shado beni {Eryngium foetidum Linn.) 
Vashti Maharaj and C.K. Sankat 150 

Technical and economic aspects of producing mushrooms in the Caribbean 
Litta Paulraj and Bernard Francois 157 

CARIVAM - The Caribbean mycorrhizal network 
Louis E. Chinnery 168 

iv 



Plan t Genet ic Resources 

Improvement of crop plants by genetic engineering 
M. Bachew, Α.Τ Alleyne and A.J. Delauney 169 

Genetically engineered crops for the Caribbean? 
Susan B. Persad-Chinnery and Louis E. Chinnery 178 

A survey of crop germplasm resources and management in the Caribbean 
Herman Adams. Brenda Forde and Michael Larinde 188 

Poster P a p e r s 

Casha control on US Virgin Island pastures 
Martin B. Adjei and Olasee K. Davis 189 

Research, development and technical assistance at the CARDI tissue culture laboratory 
Janice M. Bateson and Litta Paulraj 189 

Production of planting material at the CARDI tissue culture laboratory 
Janice M. Bateson and C. Scantlebury 190 

Small farmer: changing role in a modern Barbados 
Leslie Bereton 190 

Agricultural Information Services: the centre of agricultural information 
in Barbados 

Mark By er 193 

Production and post-harvest practices for onions 
Frances L. Chandler 191 

New Heliconia psittacorrum cultivars from seed 
Jeff St A. Chandler and Louis E. Chinnery 192 

Is seed priming a solution to the problems of poor seed germination 
in the hot months? 

Louis E. Chinnery 192 

Growth analysis of a sweet potato cultivar subjected to various 
nitrate:arnmonium ratios 

P.P. David, A.A. Trotman, D.G. Mortly, C.K. Bonsi, 
P.A. Loreton and W.A. Hill 193 

vii 



Canopy growth and light interception by three hedgerow specics in an alley 
cropping system on St Croix 

J.J. O'Donnell , M.C. Padda and A. Bulbulla 193 

Preliminary trials with two FHIA banana cultivars on St Croix, USVI 
Christopher Ramcharan, J.J. O'Donnell, and A. Bulbulla 194 

Microbial digestion of sweet potato biomass 
A.A. Trotman, A.D. Alexander, S.A. Ashford and L. Young 195 

Carbon sequestration in tropical soils as a function of edphatic 
and environmental factors 

M.A. Wsqucz , V.A. Snyder, M.A. Lugo-Lopez and F.H. Beinroth 195 

The occurrence of lilapia, Oreochrpmis spp. in the surface waters of Barbados 
Belfield Burgess and Angela Fields 197 

Mycorrhizae, nematodes and hunchy top disease of papaya in Barbados 
Louis E. Chinnery and Adrian Waterman 202 

Applications of molecular bioiogy techniques in plant breeding 
Susan Persad-Chinnery 205 

The significance of natural symbioms in agro-ecosystems 
Susan Persad-Chinnery and Louts E. Chinnery 209 

The effects of rum distillery effluent on seed germination 
Gobind Rameshwar and Louis E. Chinnery 215 

Community gardening in the US Virgin Islands 
Charles S. Smith and Clinton George 219 

Legumes 

Evaluation of bean germplasm for yield characteristics in the US Virgin Islands 
J.A. Kowalski, S.M.A. Crossman and M.C. Palada 222 

Pigeon pea (Cajanus cajan L.}: a potential sustainable crop for Florida 
C.S. Gardner and G.M. Prine 227 

Effects of field plot incubation time on the population of rhizobium 
strains in Antiguan soils 

Dyremple B. Mars, Lurine E. Marsh and Brian Cooper 228 

v i 



Gcnciic stimulation of purine and ureide biosynthesis in nodules 
of transgenic tropical legumes 

M.G. Bachew . A.T. Alleyne and A.J. Delauney 2 2 9 

Forage and Animal Product ion 

Forage growth performance of lablab bean in the semi-arid tropics 
M.B. Adjei and T.J. Gentry 236 

A comparative study of leucaena and moringa: germination, 
root and shoot production 

F.H. Asiedu, G.A. Proverbs and A.L. Fearon 244 

The production and economic parameters of operating a lamb feedlot in Barbados 
Gerry Thomas, G.A. Proverbs and Terence Hayncs 252 

The status of aquaculture in Barbados 
Angela Fields and Colvin Taylor 261 

Animal production and the environment in Latin America and the Caribbean region 
Manuel E. Ruiz and Gerald A. Proverbs 268 

Technology in Agricul ture 

Respiration of the poinerac under refrigeration and its influence on shelf-life 
A.L. Basanta and C.K. Sankat 280 

Temperature conditioning in alleviating chilling injury in 'Julie' mango 
A. Mohammed and C.K. Sankat 288 

Control of respiratory gases and relative humidity in post-harvest experiments 
using a humified air flow system 

Majeed Mohammed and E.C. Lougheed 299 

Comparacion de cuatro medios en la micropropagacion de dos varied 
de pina (Ananas comosus (L.) Merr) 
H. Garita and L. Gomez 307 

Le machisme agricole et les plantes a tubercules 
Marceau Farant 320 

v i i 



Entomology and Plant Pathology 

Distribution and infestation levels of mango seed weevil in Barbados 
with an assessment of its impact between 1986 and 1991 

L.R. Chandler. G. V. Pollard and J.E. Jones 324 

Threats to bee pollinators: a threat to food sustainability and trade 
M.E. Headings 333 

Screening new sugar-cane varieties for resistance to moth borer: the possible effects 
of environmental conditions on varietal resistance and the need for an 1PM approach 

Ian H. Gibbs and Sandra R. Bellamy 339 

Host specificity of putative anthracnose toxins from Colletotrichum gloeosporioides 
Angela T. Alleyne, Leonard O'Garro and Ashton J. Bellamy 349 

Shift from copper-resistance to zinc-resistance in Barbadian populations of 
Xanthomonas campestris pv. vesicatoria, causal agent of bacterial spot of 
pepper and tomato 

Janil P. Gore and Leonard O'Garro 357 

Genera l Topics 

Effect of temperature on the potential of three heterorhabditid nematodes from 
the Caribbean Basin and North America as biological control agents of the sweet 
potato weevil, Cylas formicarius (Fabricus) (Coleptera: Apionidae) 

Janet L. Lawrence, Richard K. Jansson and Carl S. Barfield 362 

Modelling the water balance of cut anthuriums in storage 
S. Mujaffar and C.K. Sankar 372 

Funding agricultural research 
Jeff St A. Chandler, Susan B. Persad-Chinnery and Louis E. Chinnery 381 

Extension services for agricultural marketing 
N. Mungroo and J. Seepersad 384 

Exploiting niche markets for domestic produce: 
a case for lamb in Trinidad and Tobago 

Aman A Hosein, Kelvin Craig, Randolph Hickson, Harold Patterson 
and Rishi Basdeoo 391 

v i i i 



Annex I Presentations at the Awards Dinner 

Address by The Honourable Ronald Toppin, 
Ministry of Agriculture and Rural Development, 
Barbados (Ag.) 401 

Annex II Conference Organizing Committees 404 

Annex III CFCS Board of Directors and Officers 405 

Annex IV List of Sponsors 406 

ix 



PREFACE 

Barbados was once again honoured to be selected to host the 31 st Annual Meeting of 
the Caribbean Food Crops Society, having performed these pleasant duties on three previ-
ous occasions. Mention must be made that this annual meeting was held jointly with that of 
the Barbados Society of Technologists in Agriculture (BSTA). 

We were delighted to welcome some 142 registrants, including 10 university students, 
from 22 countries. Seven leading farmers from the Leeward and Windward Islands, who 
would not otherwise have been able to participate, were in attendance, thanks to the support 
given by Barclays Bank PLC, who joined a number of business houses and public sector 
institutions, principally, the Caribbean Development Bank and the Barbados Ministry of 
Agriculture and Rural Development, in ensuring that the event was adequately financed. 
Without our sponsors' generosity, this meeting could not have been arranged. 

CFCS continues to be the only organization of its kind, which on an annual basis brings 
together practitioners who operate at several different levels in the their quest to find solu-
tions to the many problems in Caribbean agriculture. The range of subject matter of the 
papers and posters presented attested to the fact that the Society has broadened its scope 
beyond the confines of food crop production. It is my earnest hope that CFCS will continue 
to follow this desirable course without a name change and without losing sight of its ulti-
mate objective of raising the quality of life of all Caribbean people. Consistent with this 
widened outlook, the theme of the meeting, Global Trade Liberalization and Caribbean 
Agriculture, will only survive as a viable option for the region's people when it finds new 
paths to modernize itself and thereby be in the position to take full advantage of new oppor-
tunities which the liberalization process will undoubtedly present. 

I am pleased to record that in keeping with the Society's objective of encouraging 
excellence, two special awards were made to two long-standing members for their distin-
guished contribution to Caribbean agriculture. The recipients were Dr Lucien Degras and 
Dr Reginald Pierre. 

I wish to record my sincere thanks to the members of the conference organizing com-
mittee for their dedication and unfailing support in the preparation and management of the 
meeting, as well as in the compilation of these proceedings. 

Ronald A. Baynes 
President 

(1994/95) 
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FEATURE ADDRESS (SUMMARY) 

THE URUGUAY ROUND AGREEMENT ON AGRICULTURE: 
ITS IMPLICATIONS FOR THE CARIBBEAN REGION 

FAO POSITION PAPER 

Lawrence A. Wilson 
FAO Subregional Representative for the Caribbean 

FAO has recently completed its quantitative assessment of the impact of the Uruguay 
Round on major agricultural markets. The results of this assessment for world commodity 
markets and the implications for food security were discussed in April this year in Rome by 
the Committee on Commodity Problems and the Committee on World Food Security, re-
spectively. The paper prepared for this conference draws on this assessment and focuses in 
particular on the implications of the Uruguay Round on the agriculture and food sector of 
the Caribbean region. 

The main elements of the methodology used in the FAO assessment are given in sec-
tion 3.1 of the paper. The assessment is limited to selected agricultural exports and imports 
of the region, but as it is explained, the selected commodities covered amount to a substan-
tial share of the region's agricultural trade. 

„The region has been traditionally a net agricultural exporter. During the 1987-89 pe-
riod the region exported an average of US$5.6 billion of agricultural products and imported 
some US$3 billion annually, resulting in a net export surplus of US$2.6 billion. However, 
following the virtual collapse of Cuba's traditional export market in the early 1990s, its 
agricultural exports declined drastically by over US$2 billion in 1991 compared to 1990, 
and then it turned into a net agricultural importer in 1993. 

The region's major agricultural export commodities include sugar, banana, coffee and 
cocoa. On the other hand, the region is a net importer of basic food commodities. In value 
terms, of the region's total food consumption in the period 1987-89, some 56% was im-
ported. 

The implications for trade of the implementation of the Uruguay Round stem from 
changes in market prices and incomes, new market opportunities for agricultural exports 
and the extent to which external market signals are transmitted back to producers and con-
sumers. Section IV provides some estimates of export earnings and food import expendi-
tures as a result of the Uruguay Round. It also attempts to give a tentative estimate for the 
agricultural sector as a whole. 

The FAO assessment of the impact of the Uruguay Round on the Caribbean region 
points to both some positive and some negative effects. On the positive side there is an 

1 



increase in the value of export earnings of the region as a result of a strengthening of prices 
of the major agricultural commodities exported. However, at the same time, there could be 
an erosion of preferential margins leading to a reduction in the value of preference. Also on 
the negative side the region's food import bill is seen to increase due to the projected rise in 
the price of basic food commodities. In the aggregate, the net trade balance for the region as 
a whole is positive, although small in relative terms and not equally shared. 

In general, the agricultural potential of the region as a whole is limited. However, some 
countries are better endowed than others and could exploit their potential by taking advan-
tage of opportunities that may be available in view of the general strengthening of world 
markets. It may be noted that such opportunities are not to be found only in products which 
are already exported by the region but other agricultural products in raw or processed form. 

For some countries of the region, the most heavily dependent on food imports, there is 
little that they can do by themselves in compensating for the higher import bills as a result 
of higher food prices. These countries would require some compensation from international 
mechanisms, as envisaged by the relevant Decision of the Final Act on Measures Concern-
ing the Possible Negative Effects of the Reform Programme on Least-Developed and Net 
Food Importing Developing Countries. In addition, these countries will have to strengthen 
existing domestic mechanisms which would protect poor households in the event of exces-
sive price increases in basic foodstuffs. 

Other policy areas that may require some further attention are the need to develop 
policies that comply with the WTO Agreement on Agriculture in respect of member coun-
tries of that organization. Others, non-members, may also actively consider the value of 
adopting similar policy packages. The reduction and possible elimination of non-trade bar-
riers should also stimulate countries in the region to examine the scope for strengthened 
intra-regional trade links in the future. Finally, because of the greater relevance in the future 
to national agriculture policy of the WTO disciplines, permanent internal administrative 
machinery may need to be developed to handle the complex issues of compliance with the 
Agreement on Agriculture. 
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OPENING ADDRESS 

The Hon. Ronald Toppin 
Minister of Agriculture and Rural Development, Barbados 

Mr President, Distinguished Guests; Delegates; Ladies and Gentlemen: 

I willingly accept this invitation to address the Opening Session of the Annual Meeting 
of the Caribbean Food Crops Society since it provides me with the opportunity to make 
contact with both scientist and practitioner in the important field of agriculture and 
agribusiness. 

I would like to congratulate the President and his Coordinating Committee for the 
excellent preparatory work they have done which has resulted in the impressive opening we 
are witnessing here this morning. No praise is too high for a job well done. I am sure the 
Caribbean Food Crops Society is proud. On behalf of the Government and people of Barba-
dos it gives me great pleasure to welcome the delegates and officials from the Caribbean 
region and beyond and to extend to you best wishes for an enjoyable and rewarding stay in 
our country. The same wishes are also extended to your spouses who have accompanied 
you here for this conference. I am sure that the organizers have made all the necessary 
arrangements for your comfort. 

Barbados' association with the Caribbean Food Crops Society began at its very incep-
tion with the inaugural meeting which was held in St Croix, US Virgin Islands in 1963. 
According to my information, in the following year, the annual conference was held here, 
followed by conferences in 1973 and 1982. This is therefore the fourth occasion on which 
your annual meeting has been held within these shores. Having seen the impressive line-up 
of speakers and knowing the level of hospitality which the Organizing Committee has pro-
vided, I am confident that the period between meetings in Barbados will be shortened rather 
than lengthened when next you meet here again. 

My understanding is that the Caribbean Food Craps Society functions as a non-govern-
mental organization with an interdisciplinary membership drawn from both government 
and private sectors of CARICOM, the Dutch-speaking territories, French Overseas Depart-
ments, the US Antilles, Cuba, the Dominican Republic, Haiti, Central America and the 
USA. The Society can be truly proud of a representation that is truly Caribbean and inter-
disciplinary in that it has within its ranks development specialists, researchers, managers, 
farmers and scholars, among others. On occasions such as this, with so much talent in one 
location, the opportunity for healthy and useful discussion, cross-fertilization of ideas and 
the exchange of information should be exploited to the fullest to result in the distillation of 
workable solutions for meeting the many challenges which the agricultural sector is facing, 
especially the challenge of reducing our food import bill. 

Mr President, 1 have taken note that central to your mission is the upltftment of the 
quality of life of the Caribbean people through the advancement and fostering of food pro-
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duction, food processing, and food distribution. These are indeed noble objectives and I 
believe that with dedication and application such goals are totally realistic and achievable. 
The mere fact that this is your 31st successive Annual Meeting is clear evidence of an 
unswerving commitment and dedication to the cause you serve. I wish therefore to take this 
opportunity to salute you and to give you the assurance of my Ministry's continued support 
and cooperation in the years ahead. 

Your most recent Newsletter reveals that your last conference featured 15 technical 
sessions in which more than 76 papers were presented with 18 poster presentations 
covering the theme Caribbean Economic Stabilization Through Agricultural Development 
Strategies and that a total of 170 participants representing 23 countries were in attendance. 
There were field trips and sightseeing tours. I am pleased to learn that this year's conference 
is no less impressive. 

The Society must be commended too for reaching out to and involving young profes-
sionals by facilitating the availability of scholarships to them. I hope you will be successful 
in pursuing with the United States Department of Agriculture their offer of four scholar-
ships in post-harvest technology. My Ministry remains committed to dialogue with the 
Caribbean Food Crops Society on such matters and stands ready to render any assistance 
that would be helpful in this area. 

Ladies and Gentlemen, your programme for this year's conference appears well tai-
lored to the issues of the day and your theme. Global Trade Liberalization and Caribbean 
Agriculture, encapsulates some major agricultural concerns of the region in general. I look 
forward eagerly to the outcome of your deliberations on this subject. The pace of change in 
development strategies is gathering momentum and we must be prepared to navigate the 
tide. We must set the agenda for free but fair trade at the regional and global levels. 

I wish to share a few thoughts with you on my Ministry's approach to this strategic 
area. The conclusion of the GATT Agreement in April 1994, reflected a strong international 
commitment to open trade policies. CARICOM, in keeping with current thinking agreed to 
reduce its Common External Tariff (CET) in line with other trading blocs in Latin America 
by 1998. The privatization process, aggressively pursued in 1994, which will, needless to 
say, affect agriculture, has to be taken on board so that the anticipated recovery in the indus-
trialized countries in 1995/96 may be used as a favourable external environment for export-
led growth in the agricultural sector. 

The decision was taken in 1992, that with the abolition of the licensing arrangements 
that apply to intra-regional trade in agricultural goods, some safeguard mechanisms should 
be available to member states to protect their domestic agricultural production from any 
injury that might arise from the importation of regional agricultural imports. The provisions 
of the Treaty of Chaguaramus setting up the Caribbean Community and the new Article 
29A will allow member states of CARICOM to impose quantitative restrictions on imports 
of regional agricultural products if such imports cause or have the potential to cause injury 
to domestic agricultural interests. Now that Article 29A has been ratified and the matter 

4 



was discussed at the Georgetown Meeting of the CARICOM Heads of Government, I shall 
have to be advised on the outcome by the Prime Minister. 

The Common External Tariff (CET) was revised in 1992 and provisions were made for 
its phased reduction through to 1998. Reductions have already been undertaken. Barbados 
introduced Phase II of the CET by 1 April this year, and remains committed to the regional 
integration movement and the move towards the Single Market. 

Under GATT, Barbados is faced with allowing some degree of access to its market of 
agricultural products that have not been imported in the past to the extent of 3% of their 
average annual domestic production between 1986 and 1988 and this must be expanded to 
reach 5% of the annual average by the end of the implementation period, 1966. There is 
some provision for exemption on the grounds thai domestic support is directed towards the 
promotion of crop diversification, the preservation of t ^ ironment and the improve-
ment of the efficiency of the agricultural sector. Consequently the domestic support which 
Barbados provides, for example to the sugar industry and the production of fresh milk, is 
justifiable and can remain intact. 

Ladies and Gentlemen, the impact of the GATT Agreement and the CET will be chal-
lenging for the agricultural sector. The dismantling of the licensing regime will have some 
implications for farmers who adjust slowly to the new marketing environment. Initially, 
Barbadian farmers might find themselves competing with goods from other CARICOM 
countries. Hence the need for a level playing field before products are removed from the 
licensing regime, especially certain sensitive commodities. Differences in currency valua-
tion and wage levels in the agricultural sector might also be problematic for Barbados in the 
critical stages. 

To ensure smooth implementation of GATT requirements my Ministry will among 
other things be looking to: 

Ensure that the provisions of Article 29A of the Treaty of Chaguaramus are 
applied, if and when necessary. 

Take necessary action to help reduce production cost; this essentially is in place 
with the removal of import duties and related taxes on inputs into agricultural 
production. 

Upgrade and properly police pesticide control legislation as well as plant and 
animal quarantine legislation. 

Ensure that ant idumping legislation is upgraded to restrict exports into 
Barbados if the export price of those goods is below their domestic market price. 

The local producers will need to promote the greater use of local products, and encour-
age importers to buy local where price and quantity are right and competitive. Importers 
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must source the goods from local producers who meet their requirements. This is impera-
tive to stop the unnecessary drain on our country's foreign reserves. 

Mr President, the Barbados National Standards Institution, the Government Analytical 
Laboratory, the Animal and Plant Quarantine and the Ministry of Health will be getting 
together to review the existing trading arrangements and legislation so as to ensure that 
imported products meet the required standards of wholesomeness, hygiene, health, label-
ling, environmental criteria and the like. In addition, it will be imperative to put the neces-
sary arrangements in place to police adherence to the standards established. 

The present Government has already laid the foundation to create competitiveness in 
Barbadian agriculture. The farmers have already benefited from a set of cost-cutting \and 
incentive measures, especially the removal of all duties and related taxes on imported in-
puts into agricultural production. With the establishment of the Rural Development Com-
mission, within the very near future, my Ministry will be in a better position to bring more 
services and support to the rural community. The approach to agriculture and its linkage 
with rural development will be more meaningful and more assertive. In this new thrust the 
Rural Development Commission along with the Barbados Agricultural Development and 
Marketing Corporation and the entire fanning community will be effectively linked to re-
flect a new approach to development that not only recognizes the needs of communities but 
effectively deals with those needs in terms of agriculture, infrastructure such as roads, street 
lighting, health amenities, sport facilities, housing, cottage industries and the like and places 
the individual at the centre of economic activity. 

Ladies and Gentlemen, consistent with Government's proposed reform of public sector 
institutions, the Ministry of Agriculture and Rural Development is in the process of carry-
ing out a review of its operations to ensure that its role and mission are in consonance with 
today's world. The Barbados Agricultural Development and Marketing Corporation will be 
restructured and the preparation of the Business Plan which Government has mandated is 
expected to be ready very shortly. Agroprocessing will be revisited, and to reinforce the 
point, a team of consultants has already submitted their report on the feasibility of refloat-
ing the agroprocessing plant. The Project Coordinating Committee of my Ministry will 
soon be handing in their recommendations on that study to me. 

The Ministry in conjunction with the Barbados Agricultural Management Company 
has launched the Sugar Cane Replanting Programme for the independent plantations and 
small farmers and we expect that sugar will soon again make a more significant contribu-
tion to overall agricultural production in Barbados. I have appointed a task force to advise 
me on immediate and appropriate solutions to our programme for the cotton industry, since 
this industry must assume its proper role in earning foreign exchange and in providing 
much needed jobs. 

I am convinced that the Scotland District area has much potential for adding to the 
agricultural development of this country. As you know the Prime Minister in his recent 
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Financial Statement and Budgetary Proposals declared the Scotland District a Special De-
velopment Area. In this regard my Ministry is in the process of preparing proposals includ-
ing the necessary incentives to respond to this declaration. These proposals will be com-
pleted by the end of this month. 

Mr President, these are just some of the new initiatives being undertaken by my 
Ministry. 

The Caribbean Food Crops Society has a role to play in the efforts to streamline and 
modernize the agricultural sectors in the region The participants in this Annual Meeting, 
including a number of officers from my Ministry, must ensure that the knowledge and skills 
gleaned from the deliberations over the next few days are channelled back into the system 
to benefit our farmers. Your report and papers will be welcomed and carefully read; and 
where practicable and feasible, I am sure your recom"1·...citions will be applied. 

Mr President, Ladies and Gentlemen, it gives me great pleasure to declare the Annual 
Meeting of the Caribbean Food Crops Society open. I wish you every success in your delib-
erations. 

Thank you very much. 
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TRADE LIBERALIZATION AND AGRICULTURE IN BARBADOS 

Mary G. Zephirin' and Emmerson Beckles2 

'Central Bank of Barbados 
2Barbados Agricultural Management Company 

INTRODUCTION 

This paper summarizes those results of recent research on agricultural trade liberaliza-
tion which are relevant to Barbados in an attempt to indicate the possible effects of liberal-
ization on Barbadian agriculture. Three aspects of trade liberalization are considered: the 
effects of the liberalized regime negotiated under the Uruguay Round (UR) of the GATT, 
concluded in 1993; the effects on Barbados of the North American Free Trade Agreement 
(NAFTA) reached in 1992 between Canada, Mexico and the USA; the impact of the ongo-
ing reductions in the CARICOM Common External Tariff (CET) and the removal of re-
strictions (non-tariff barriers or NTBs) on imports of agricultural products into Barbados. 

The scope of the paper has been determined by existing research. Unfortunately, the 
data required to estimate the effects of liberalization on domestic income and prices, export 
earnings and agricultural producer income are not available. However, various studies have 
considered the effects of the UR on agriculture in all developing countries, the implications 
of NAFTA for CARICOM competitiveness and the impact of the recent changes in the CET 
on the agricultural sector in Barbados. 

Section I begins by looking generally at agricultural production in Barbados, as well as 
exports, imports and prices. Section 2 describes changes in Barbados's own tariff and NTB 
regimes and employs the results of Antoine and Mascoll (1994) to look at their impact. 
Section 3 considers the UR and the effects predicted for African, Caribbean, Pacific (ACP) 
producers, with special reference to sugar, and Section 4 considers the results of NAFTA 
suggested by Antoine and Taylor (1993). Section 5 concludes. 

TRENDS IN BARBADOS'S AGRICULTURAL PRODUCTION AND EXPORTS 

Table 1 updates the Laspeyres agricultural production index developed by Antoine and 
Mascoll (1994) on the basis of the methodology described in Cox (1976, 1977). Antoine 
andMascol l ' s index was computed for 1980 to 1991. This paper extends the index to 1994. 
Using a 3-year moving average of the average as a trend indicator gives Table 2 and is 
illustrated in Figure 1. Since peaking in 1986/87, the index suggests that total agricultural 
production has been trending downward, with export crops declining at a faster rate than 
total production. Antoine and Mascoll had noted an exception for livestock production but 
since 1991, their cut-off year, livestock production has joined the general decline. Produc-
tion for domestic consumption shows the least unfavourable trend, though the upward trend, 
which peaked in 1993, was reversed in 1994. The declining trend of agricultural production 
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can be attributed to the crisis in the sugar industry, inadequate marketing arrangements for 
non-sugar, agronomic problems such as diseases, inadequate technical know-how among 
farmers, poor overall planning and management of the industry and institutional failures. 

export crops domestic crops 
livestock _„_Total agriculture 

Figure 1 Agricultural production index, Barbados: 3-ycar moving average 

Taxation policy may also have played an important role in agricultural production. In 
1989, all duties and taxes on capital equipment and other inputs to agriculture were re-
moved. In 1991, however, this concession was sharply reduced, being limited to a 50% 
rebate of the duties chargeable on inputs (in both instances, certification by the Ministry of 
Agriculture was required). The steep decline in agricultural production in 1992 has been 
attributed to this renewed taxation. (This point was made by Keith Laurie during the Annual 
Meeting). However, the cost of the original concessions was estimated at only $3.7 million 
i η the 1989 budget and those concessions appear to have had little impact. The 1992 decline 
may therefore also reflect producer pessimism as a result of the recessionary conditions at 
that time. 

Table 3 and the accompanying charts describe the recent evolution of the sugar indus-
try by production, productivity and export measures. Since 1986 the area reaped, canes 
milled and sugar produced have declined steadily, with the corresponding increases in pro-
duction cost expected from an industry with important economies of scale. Physical pro-
ductivity indices also indicate deteriorating performance since 1986. Thus, even though the 
export price received for sugar improved from 1991, export volume decreased. The sugar 
sector is currently undergoing re-organization with 40% by acreage under professional 
management which offers technical assistance to the remainder of the industry. 

In view of these trends, the declining share of agriculture in total output comes as no 
surprise. Agriculture's contribution to total GDP has declined from 6.86% in 1987 to 4.84 
in 1994 (Table 4). The share of sugar in total agriculture value-added has fallen from 40% in 
1987 to 35% in 1994. 
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While detailed trade data on the direction of agricultural trade are not available, Table 
5 for total exports and imports indicates increasing shares of the CARICOM and EEC mar-
kets. Unfortunately, these totals may be a poor indicator of agricultural exports. Table 6 
distinguishing agricultural exports, though without the direction of trade, suggests that the 
nominal value of agricultural exports has been rising but Table 7 for selected agricultural 
commodities indicates that performance has been quite mixed in real terms. 

Table 5 Barbados* import and export markets 

1980 1985 1990 1991 1992 

Distribution of total imports: 

from within CARICOM 18.6 14.5 13.1 14.6 19 

from outside CARICOM 81.4 85.5 86.9 85.4 81 

Total 100 100 100 100 100 

Distribution of total imports 
to: 

CARICOM 14.5 15.5 14.6 19 

other Caribbean 4.8 6 6.2 5.2 

NAFTA countries 46.1 39.2 41.5 41.7 

of which USA 40.9 33.2 35.4 36 

EEC 16.1 19 17.9 15.6 

of which UK 9.1 10.6 11.3 8.7 

ROW 18.6 20.3 19.7 18.5 

Total 100.1 100 99.9 100 

Distribution of total exports 
to: 

CARICOM 23.5 22.7 30.7 32.7 34.3 

other Caribbean 3.4 35.1 4.1 3.8 3.5 

NAFTA countries 31.9 19.8 15 16 19.1 

of which USA 28.3 18.4 12.1 12.9 16.4 

EEC 14.1 6.9 17.6 17.3 23.1 

of which UK 6.6 5.8 16.2 10.5 19.9 

R O W 27.1 15.5 32.6 30.1 19.9 

Total 100 100 100 99.9 99.9 

Source: CARICOM Export Development Project (CEDP) 
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This gloomy picture of the industry indicates that, after years of protection, the indus-
try has not moved to a position of strength where it could readily cope with increased 
competitive pressures from liberalization. 

CHANGES IN BARBADOS'S TRADE REGIME AND THE CET 

The decline in agricultural production described above has taken place despite a highly 
protective trade regime for agriculture. The agricultural sector (together with other domes-
tic producing sectors) was protected by tariffs as well as import prohibitions, price controls 
on specific food items (though these were probably imposed to protect the consumer) and 
specified quotas or other forms of quantity restrictions on imports. The latter are the chief 
means used to protect domestic agricultural producers. 

Tariffs act to protect domestic production by increasing the price of imports which 
would compete with domestically produced goods. This increases the prices domestic pro-
ducers are able to charge on their products and hence their returns. It also increases their 
potential market share. NTBs act to prevent the imports of competing goods (prohibitions). 
They also reduce the volume of competing imports and substitutes for domestically pro-
duced products, or the imports of the final products in which domestic goods are inputs. 
NTBs therefore allow high prices for both primary domestic agricultural products and the 
final products in which these are inputs. Since consumers are paying higher prices than they 
otherwise would, domestic producers arc gaining at the expense of consumers. It is usually 
argued that the employment and export earnings generated by the protected sector as a 
result of protection justifies such transfers - consumers as workers gain employment in-
come and the entire economy benefits from the export earnings. In addition, protection for 
an infant industry can act to permit an industry to grow to the point where it can compete 
effectively with imports. 

Adoption of a liberalized trade regime has meant a reduction in the CARICOM CET 
and a reduction in the protection afforded by NTBs. To consider the effects on Barbados 
agriculture of these changes, we report the protection measures estimated by Antoine and 
Mascoll ( 1994) - first, for the agricultural sector as a whole, considering the effect of sched-
uled reductions in the CET and, second, for individual agricultural commodities. 

The CET acts to ensure a uniform tariff structure across all CARICOM countries. The 
CARICOM Council has agreed to the following schedule of reduction in maximum nomi-
nal CET rates: 

- From 45% to 35% 
Application period 1 January to 31 December 1994 
Effective in Barbados 1 April 1993 

- From 35% to 30% 
Application period 1 January 1995 to 31 December 1996 
Effective in Barbados 1 April 1995 
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- From 30% to 25% 
Application period I January to 31 December 1997 

- From 25% to 20%: final reduction 
Effective from 1 January 1998 onwards 

Antoine and Mascoll (1994) calculated weighted nominal rates of protection by sector 
and category of imports, simulating the effects which reductions in the 1990 level of tariff 
rates to maximum nominal rates of 45%, 35% and 20% would have on the level of protec-
tion afforded by the CET. (The nominal rates of protection weighted by the value of imports 
would normally be lower than unweighted protection because there would be fewer imports 
of products with high tariffs. This protection measure is used for group, rather than single 
commodities). In 1990 the agricultural sector had a nominal protection rate of 8.3% (com-
pared to an average rate of protection for the overall economy of 18.2%). When the final 
reduction to a maximum CET rate of 20% is achieved in 1998, they estimate that the nomi-
nal rate of protection for agriculture will be reduced by 3.05 percentage points, or 36.7% 
(see Table 8), For the manufacturing category of food, beverages and tobacco the propor-
tionate decline in nominal protection is similar - the nominal weighted protection rate de-
clines by 34.8% or 5.7 percentage points. This manufacturing category is included here 
because its demand for raw materials will affect domestic agriculture. However, it is clearly 
only an imperfect measure of the category that properly describes the domestic production-
using industry 

It should be noted, however, that the reduction in the CET is also estimated to reduce 
the cost of living overall in Barbados by 6.7% and the cost of agricultural goods by 5.8%. 
Such decreases in the cost of living will increase the real disposable income of consumers 
and could thus increase the demand for products of the agricultural sector. This would de-
pend on the income elasticity of demand for such products, taking account of substitutes. 
(The income elasticity of demand measures the relative responsiveness of quantity 
demanded to changes in income). Also, to the extent that reductions in import prices reduce 
the costs faced by farmers, the effects of the reduction in the CET will not be totally 
unfavourable. 

The liberalized trade regime also entailed the replacement of NTBs by a surtax of 
100% which is eventually to be phased out. Sensitive agricultural products were maintained 
under licence, although the scope of such licenses have been reduced (see Table 9). The 
number of food groups or items under licence have been reduced from 83 to 38 for extra-
regional imports and from 60 to 35 for regional imports. However, a number of the items 
which previously required a licence provided protection for manufactured food commodi-
ties with few inputs from the domestic agriculture sector, or covered items not produced in 
Barbados. In this category fall a probable 33 of the extra-regional and 22 of the regional 
groups - determined by inspection. To the extent that this is so, the reduction in protection 
of agriculture is less than a simple counting of licensed items would indicate. A caveat to 
this is, however, that restricting the import of substitutes for domestically produced goods 
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also protects domestic production. Barbados is however under an obligation to remove 
such licenses for CARICOM goods. 

We suspect that producers are more immediately concerned by their loss of protection. 
To look at this more narrowly we consider protection rates at the commodity level. Antoine 
and Mascoll (1994) have computed measures of protection for several agricultural com-
modities. They use two summary indicators: 

The nominal rate of protection (NRP) is defined as the percentage difference between 
the domestic market price and the world price of the commodity, both measured in 
domestic currency. It only takes account of trade barriers (tariff and non-tariff) and 
measures the wedge between domestic and world prices (i.e. the extent to which 
domestic prices are permitted to exceed international prices bccause of trade barri-
ers). A positive NRP indicates that domestic producers are receiving a higher price 
after intervention than they would without and are therefore protected, while con-
sumers are taxed. 

The effective rate of protection (ERP) is defined as the difference between the value-
added per unit of output at domestic prices and the value-added at world prices. 
Whereas the NPR only takes account of effects on output, the ERP takes account of 
policies that affect both output and inputs through trade barriers. A positive ERP 
indicates positive protection for producers who are receiving a larger return on their 
inputs and resources than they would without intervention. 

Table 8 Estimated nominal weighted rales of protection for agricultural products under 
different cet rates, 1990 

Sector Starting Maximum nominal CET rate 
rate assumed as: 

45% 35% 20% 
Agriculture 8.3 8.1 7.57 5,25 
Food, beverage and tobacco 16.4 16.1 14.9 10.7 

Source: Tables 6 and 7 in Antoine and Mascoll (1994) 

The cells in this table represent the nominal protection rates, weighted by the value of 
imports for the given sector. 
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Table 9 Comparison of food commodity groups under licence 

SITC code Extra-regional Regional 

Currently under licence 

4 - digit 30 27 

7 - digit 8 8 

38 35 

Previously under licence 

4 - digit 59 45 

6 - digit 11 0 
7 - digit 13 15 

83 60 

Source: Schedules supplied by the Price Control Division, 
Ministry of Industry, Commerce and Business Development 

Table 10 gives the results reported by Antoine and Mascoll (1994). This table amalgamates 
all the rates reported by Antoine and Mascoll. Two listings of yam and chicken reflect the 
differences obtained when used data from different sources. These produced consistent 
results for other commodities.In addition to data from local firms, trade data were used. 
The c.i.f. price and local wholesale prices proxied the world price and domestic prices, 
respectively - for further description of the methodology, see Antoine and Mascoll (1994). 
Nominal rates of protection differ quite substantially across commodities. In 1993 several 
livestock/dairy products (ham, pork, chicken, milk) and vegetable crops (onion, carrot, beet) 
received protection equivalent to over 100% of the border price, indicating that these 
producers "benefited substantially from the existing regime of policy measures" (Antoine 
and Mascoll, ρ 29). All of these items remain subject to licences for both regional and 
extra-regional imports. Only for chicken and milk is the EPR (which also takes account of 
the cost of traded inputs) significantly higher than the NPR (which only considers output 
prices), with the total protection available for chicken estimated at over 600% of the border 
price. 
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Table 10 Estimated protection rates for selected agricultural products, 1990 and 1993 

Product or commodity N P R 1 9 9 0 NPR 1993 EPR 1993 
% % % 

Picnic hams 168 

Chicken weiners 15 

Sausages, canned 63.9 

Sausages, uncanned 30.5 

Bacon 40 

Pork 152.2 158 

Sweet potato/1 51.4 67 

Onion/2 zu 7 218.9 

Carrot/3 166 170 

Tomato/3 99 

Yam/1 72 61 

Yam/7 180 179,8 

Cucumber/4 83 

Beet 126 127.1 

Pepp>er -26.1 

Breadfruit 90.9 

Groundnut 56.2 

Chicken 184 636 

Whole chicken/5 240 

Biscuits, unsweetened -3.5 20 

Biscuits, sweetened -7.2 

Wholewheat/5 10 

Feed/6 30 

Milk 285.7 250 

Edible molasses 100.9 

Imitation lard & substitutes 20 

Rum, less than 80% proof 18.1 

Source: Antoine and Mascoll (1994) Tables 9, 10, 11 
Notes:Where both NPR and EPR rates arc given, the data was obtained from domestic 
producers. Other 1993 data and 1990 data were derived from published trade data. Limited 
import data were used for the following: 
I St Vincent 2 USA, Netherlands. Curacao 3 USA 4 Guyana 
5 Trinidad & Tobago 6 Barbados vs T&T cost 
7 countries with lower border prices that St Vincent 
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Antoine and Mascoll (1994) report that the difference for milk is due to the taxes on 
intermediate inputs to milk production, which lowers the estimated protection when ac-
count is taken of the cost of inputs (the EPR). Removal of licences on these products is 
likely to substantially reduce the viability of their production, unless major changes in pro-
duction structure take place. Antoine and Mascoll (1994) point out that the particularly high 
protection afforded chicken production suggests that the social cost is high: in effect, sub-
stantial income is being transferred to chicken producers who would be unable to compete 
with imports in the absence of licences. However, structural changes required to make pro-
duction competitive are unlikely in the presence of such high levels of production. 

Other rates of protection range from a high of 90.9% for breadfruit in 1990 to a low of 
negative 26.1% for pepper in 1990. Licences have now been removed for biscuits and 
wholewheat. Antoine and Mascoll (1994) suggest that the negative protection to biscuits 
and pepper in 1990 reflects unfavourable tax treatment, including cascading taxes. Com-
plete relief of all indirect taxes on capital and intermediate inputs into the agricultural sector 
was given in October 1994. Such relief would have assisted in reversing such negative 
protection. 

The estimated protection rates suggest that agricultural production has received a fairly 
high level of protection. Antoine and Mascoll ( 1994) note the possibility of overestimates 
because the effect of interventions on the price of competing imports has not been taken 
into account. The results suggest that consumer prices will be higher, the higher the level of 
protection. In addition, high protection does not encourage farmers to adopt more efficient 
methods of production. As Antoine and Mascoll point out, if high prices are required to 
support the sector, the objective of reducing dependence on imports in order to increase 
food security may be inconsistent with budgetary food security of poorer segments of the 
community. In effect, policy-makers and society may face trade-offs. Antoine and Mascoll 
therefore recommend that both tariff and NTB protection be maintained for agricultural 
products. They also suggest that research be conducted to identify those agricultural 
subsectors which could be competitive in a more liberalized regime and that avenues to 
reduce feed costs for livestock farmers be explored. Essentially, a research effort would be 
required to assess the extent of protection that can be justified once account is taken of 
feasible structural reforms, the competing costs to different segments of the community and 
possible overall benefits in terms of employment, export earnings and food security. 

THE URUGUAY ROUND OF THE GATT 

As far as we are aware, at the time of writing (July 1995) no study has as yet been 
conducted on the effects of the Uruguay Round on Barbados, whether for agriculture or 
more generally. Generally speaking the UR (the agreement was signed on 15 April 1994) 
has brought all basic factors of production, as well as all sectors of production (goods and 
services), under a single system of international regulation. It has also established a frame-
work for monitoring, administering and enforcing the system through the World Trading 
Organization (WTO) which has replaced the GATT (Page and Davenport , 1994). How 
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effective this framework will prove to be depends on the extent to which the most powerful 
trading nations commit themselves to WTO procedures, ensure that regional trading ar-
rangements conform to WTO rules and refrain from unilateral measures or bilateral deals. 

At the more general level, the UR is estimated to raise the income of developing coun-
tries for two reasons: improved resource allocation resulting from their lower tariffs and 
barriers to imports; potential increases in their export income from improved access to 
other countries' markets. In addition, the inclusion of temperate agricultural goods in the 
international trading system will particularly benefit efficient agricultural producers whose 
export prices and potential market share were distorted by the pervasive protection exer-
cised by the industrial countries - see Page and Davenport (1994) from whom we have in 
part quoted directly. Current world prices for many agricultural commodities have been 
described as equal to production cost less the .. ge of US and EU subsidies (see Finan-
cial Times of 16 December 1993). 

The principal features of the UR agreement on agriculture are: 

Non-tariff border barriers are to be replaced by 'equivalent' tariffs. These tariffs are in 
turn to be reduced by an average 36% below a 1986-88 base period over 6 years, with 
a minimum reduction of 15% per tariff line. Developing countries must reduce their 
tariff rates by 24% over 10 years. 

Reduced tariff rates must be such as to bring access of imports to a minimum of 3% of 
domestic consumption, rising to 5% over the implementation period. 

Special provisions are made to protect against import surges and lo maintain import 
restrictions under specified conditions. Developing countries may maintain NTBs to 
protect their balance of payments but must notify their tariff structure to the WTO and 
agree to make no upward adjustments 

Domestic support to the agricultural sector is to be reduced by 20% on the 1986-88 
base period over 6 years, and by 13.3% by developing countries. The support referred 
to includes price-support and income-support policies linked to production. These are 
subject to a number of exclusions. For example, the EU gained exemptions for some 
direct payments so that their farmers can continue to be paid for growing less and for 
making structural adjustments (part of the reform of the Common Agricultural Policy 
(CAP) of the EU). Exemptions are permitted for diversification, environmental or effi-
ciency improvement reasons. The domestic support which Barbados provides to the 
sugar industry and the dairy industry can be justified and retained on these grounds. 

Export subsidies are to be reduced by 36% below the 1986-90 base; the quantity of 
subsidized exports are to be reduced by 21%, both over the 6-year period. 

All new tariff rates and reduced levels of domestic support must be reported to the 
WTO and the countries must agree not to increase them (binding). This means that a 
renewal of protection will be harder. Barbados has assigned a tariff equivalent rate to 
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its NTBs, taking account of the consumption taxes and stamp duties on imports in the 
1986-88 base period. The resulting tariff has to be reduced by 24% over 10 years, as 
noted above. It has been agreed with the CARICOM Secretariat that agricultural prod-
ucts will carry a ceiling bind of 100%, or higher for sensitive goods. 

As was suggested in the introduction, a detailed model would be required to examine 
how improved market access under the UR would affect a country and groups within that 
country. The model would have to take account of the effects of changes in existing prefer-
ential arrangements, of the interdependence in demand and supply of different commodi-
ties and of the dynamic effects of trade changes on growth and investment. TheGoldin e ta l . 
(1993) model (primarily intended for agricultural goods) does assess the impact of tariff 
changes on world prices, exports and real income for several regions and countries. Barba-
dos is, unsurprisingly, too small to have been included and the results for Latin America 
would clearly be irrelevant. Page and Davenport (1994) used that model and their own 
restricted estimates - the latter to take account of the removal of NTBs. (They carry out 
partial equilibrium calculations. These do not take account of interdependencies in demand 
and supply, nor of effects on input markets). They concluded that the reduction in trade 
barriers would raise export prices of tropical products, except in previously protected mar-
kets, where prices would fail, as one would expect. The world prices of several temperate 
agricultural products would also increase. 

Generally speaking, a reduction in trade barriers will benefit those who purchase the 
imports on which the barriers are lowered (to the extent that barrier reduction lowers prices). 
It will also benefit exporters to the markets in which barriers arc lowered. Producers of 
import substitutes within that market may lose market share to exports, although this de-
crease in demand for their products may be mitigated by rising demand as income rises. 
Where there are substantial distortions in world markets (as is the case for several agricul-
tural products) the removal of trade barriers, by reducing production in the protected mar-
ket, will lead to a decrease in the quantities supplied to the world market by inefficient 
producers, raising the world price of the affected commodities. In these cases, importers 
lose while exporters of those commodities increase their earnings. In addition, producers 
of import substitutes for the goods whose world prices rise may find themselves in a more 
favourable position. 

On average, Page and Davenport (1994). found that the world prices of temperate agri-
cultural products rise by around 5% as a result of the UR. The largest estimated price 
increases are for dairy (7.2%), sugar (5.2%), beef and sheep (3.7%), wheat (3.6%), coarse 
grains ( 1.9%) and oils ( 1.3%) (see Page and Davenport, 1994; Table 3.3). To the extent that 
these increases are reflected in the prices paid by Barbadian importers, producers of direct 
import substitutes or goods competing with these will be better off. (Although these in-
creases appear small relative to the protection rates provided in the last section, the inexact 
nature of all these estimates does not allow us to make good comparisons). However, 
agroprocessors may be using some of these products as inputs into iheir production, along 
with domestically produced inputs. Or livestock farmers may be purchasing derivatives of 
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these for feed, for example. The latter two possibilities will be unfavourable for domestic 
producers. 

Since farmers import machinery, fertilizers and other inputs, the reduction on tariffs on 
these items will reduce their input costs. The average tariff reduction of 2.4% on industrial 
products of developed countries ((Page and Davenpor t , 1994; Table 4.1), with declines of 
2.9% and 1.7% on non-electric machinery and transport equipment, respectively, is likely 
to be helpful to the Barbados agricultural sector. Tariff cuts on similar items by developing 
countries are more substantial, estimated to average 27% (Page and Davenport, p. 44), with 
largest cuts in transport equipment. Tariff cuts by developed countries may also help the 
development of non-traditional subsectors of agriculture, such as the 4 8 % reduction in 
tariffs on ' f lowers, plants, vegetable materials ' ((Page and Davenport; Table 3.2). 

To the extent that the UR reduces the preferential treatment accorded to Barbados un-
der the CBI arrangement with the United States (see next section) while offer ing little im-
provement by way of tariff barriers, any benefits of the UR will be reduced. In addition, 
agricultural exports from Barbados have enjoyed duty-free access to Canada under the 
CARIBCAN from 1986, As Mclntyre (1992) notes, however, exporters have not taken 
advantage of these preferences. A diminution of their relative preferential position is 
therefore likely to have little or no impact. 

The aggregate effect of all of these tendencies on the Barbados agricultural producer 
and the sector would require just the type of model whose absence we have already la-
mented, We can, however, say something rather more precise about the effects on sugar, 
although, as we will see, assessments differ across analysts. 

Sugar 

Barbados exports sugar to the UK under the Sugar Protocol of the L o m é IV agreement 
between the African, Caribbean and Pacific (ACP) states and the European Union (EU), 
Under this the EU guarantees purchase of specific quantities from each participating state at 
a fixed price. The price is negotiated annually but is usually closely related to the price 
guaranteed to EU sugar-beet growers. It is the high protection afforded to sugar-beet pro-
ducers and United States protection of their sugar producers that have increased world mar-
ket supplies of sugar, artificially reducing the world prices. The lowering of that protection 
under the UR is expected to result in an impact increase in the world price of sugar of just 
over 5.2%, with a steady rise by as much as 12% by 2000. 

The UR agreement on agriculture described above has three effects on the E U sugar 
market - it limits the E U ' s ability to protect its domestic market from imports, it limits its 
ability to subsidize and export sugar to the world market and it binds the preferential access 
to A C P producers at zero tariff. Note that the 'GATT waiver ' for the Lomé Convention 
allows the Convention to be treated as a free trade area. However, factors extraneous to 
liberalization will also influence the market. In particular, Portugal 's 1986 entry to the EU 
market has increased the E U market 's sugar requirement while the E U is reducing its own 
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production. An increased sugar quota is therefore expected for ACP producers. Analysts 
such as Page and Davenport assume that the UR-required reduction in subsidies will reduce 
the price to beet producers, and hence to ACP producers, by around 11 %. However, indus-
try participants such as ED & F Man Sugar Ltd. (1995) argue that the EU wishes to treat 
their commitments on export volume and subsidized prices as a related whole, reducing 
export volumes through production quota reductions, rather than by reducing export subsi-
dies or domestic price, and supplying their factories by preferential sugar from ACP coun-
tries. The political incentive to do so is great, in view of the clout of their own sugar 
producers. In this view, the expected reduction in the price paid to sugar-beet, and hence 
A C P producers, is much less. 

Two factors will therefore affect sugar prospects under the combined effects of the UR 
on sugar trade and the commitment of the EU to their own sugar-beet producers and the 
ACP states: the extent of increased EU consumption (recall that the 12 became 15 in 1994) 
and the world sugar price which will determine the budgetary implications of reducing 
export volumes rather than subsidies. 

The Barbados quota under the current Sugar Protocol, which is not due for renegotia-
tion until 2005, is 54,000 tonnes - a quota which, Barbados has had some difficulty in 
reaching in the past 2 years. The higher world price for sugar is therefore irrelevant for us, 
and more so because it seems unlikely that our costs of production will fall sufficiently to 
make this an alternative market. Under the revised quota arrangements, it is expected that 
Barbados's quota could be increased by as much as 8,000-9,000 tonnes, although the in-
dustry is not expected to be able to take advantage of this for the next 2 years. The current 
EU price of around BDS$1,200/tonne remains below our production costs, but the latter are 
falling. Under the industry scenario for sugar the EU price is expected to be about 20-30% 
above the increasing world market price, and a reformed sugar industry is expected to re-
main attracti ve at that price. Over the longer term, of course, the EU will revise its prices 
and Barbados's quota will come up for review. Continued government subsidy of the sugar 
industry is fiscally imprudent and infeasible and Barbados is likely to remain a high cost 
producer. Again, research on long-term prospects and alternatives is required. 

THE IMPLICATIONS OF NAFTA 

CARICOM countries have permanent duty- free access to the US market for items that 
meet rules-of-origin criteria under the Caribbean Basin Economic Recovery Act (CBERA) 
of 1990, which extended the original CBERA of 1983. Among others items, certain agricul-
tural products are exempted. Sugar exports are subject to quotas which vary annually. 

NAFTA seeks to eliminate most trade barriers between the three signatory countries, 
phasing out tariffs gradually, with a maximum of 15 years for the most sensitive products, 
eliminates investment barriers, protects intellectual property rights, opens the transporta-
tion sector and strengthens regulations for the protection of the environment. Important 
features for the agricultural sector are the 15-year phasing out of tariffs for sensitive prod-
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ucts. protection against import surges through quantity based safeguards and stringent rules 
of origin. Trade will be liberalized for all exports from Mexico except peanut, cotton, most 
dairy products, sugar and some sugar-containing products - see Antoine and Taylor (1993) 
from which most of the above is directly quoted. 

The principal threat of the NAFTA agreement of 1992 to Barbados, like other CARICOM 
countries, is the extent to which Mexico gains a resulting advantage in the US market. This 
will depend on the extent to which Barbados is taking advantage of the preferential access 
under the CBI. There is also the possibility that NAFTA could direct investment away 
from the Caribbean because of its provisions for the removal of investment barriers and the 
stability it provides for access to the US market. 

Gill (1995) also suggests that Mexico will have an advantage in certain products cur-
rently excluded from the CBI - possibly sugar and rum and horticultural products such as 
vegetables, citrus, processed fruit juice, fresh fruit and cut flowers. Clearly, however, these 
only pose a threat to the extent that there is a potential for exports which have to compete 
with Mexico's. In fact, it is generally acknowledged that the Caribbean has not taken ad-
vantage of the CBI. CARICOM exports have been declining relative to total CBI exports 
and Barbados exports to the USA have been declining both relatively and absolutely. 

Antoine and Taylor (1993) provide an analysis of likely trade competition between 
Mexico and the Caribbean for several agricultural commodities. This indicates the follow-
ing: 

Fresh vegetables: Mexico is an important producer and exporter of fresh vegetables, 
especially tomato. Antoine and Taylor conclude that the supply response of Mexican 
vegetable exports to the USA to NAFTA are likely to be small because pre-NAFTA 
tariff barriers were small and an expansion of production capacity would be required. 
This seems unlikely to be attractive to investors in view of competitive suppliers in the 
USA itself. However, increased exports to the USA could put downward pressure on 
international vegetable prices which would be harmful to domestic producers of im-
port substitutes. Table 7 suggests that Barbados has not been an active exporter of 
vegetables, with only okra and peppers (hot and sweet) showing any buoyancy. 

Sugar: Mexico is currently a net importer of sugar, although it has a cost advantage in 
the sugar industry relative to Barbados and several other CARICOM countries. In any 
case, Barbados's current inability to meet a US quota (see Table 3) makes the question 
of competition with Mexico an academic one . 

Rum: Available data for 1990 suggest that the USA and Canada represent 30-40% of 
Barbados's export market. Two categories of rum exports are distinguished. Brand-
name rums from Barbados are a differentiated product which would enjoy an advan-
tage in a particular market segment. Competition with possible Mexican substitutes 
would depend on maintaining that differentiation - largely through non-price competi-
tion since the market perception of their special quality commands a price premium. 
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On the other hand, bulk rums, which are bottled in the US and Canadian markets, 
compete on the basis of cost and these will be threatened by the removal of the tariffs 
on Mexican rum exports. If NAFTA results in increased sugar production and hence 
low-cost molasses availability in Mexico, their bulk rums could compete effectively 
with those of Barbados. 

This analysis suggests that the only agricultural product that is likely to suffer any ill-
effects f rom the relative reduction in protection which NAFTA implies for CBI beneficia-
ries is bulk rum. 

CONCLUSION 

Despite the inadequacy of the data, certain tendencies stand out. First, agricultural pro-
duction and exports are in decline, although sugar industry restructuring with the related 
attempts to diversify, may help stem this. The tax relief provided near the end of 1994 may 
also be having a beneficial effect. Second, agricultural products have in general been pro-
vided with quite high levels of protection through tariffs and non-tariff barriers, as well as 
other systems of support. The combination of these two factors suggests that the long pe-
riod of protected infancy has not readied the sector for liberalization. Nor would protection 
of the kind so far afforded promote growth to adulthood, if the past is any guide to the 
future. Under the high tariff and non-tariff barriers, domestic producers appear to have had 
little incentive to improve their methods and lower their costs of production. Official schemes 
to assist the agricultural sector do not appear to have been any more efficient. To maintain 
domestic agriculture, advantage will have to be taken of the exemption clauses in the UR 
and CET to continue protecting the industry with non-tariff barriers, while continuing the 
existing tax relief. The costs of such protection to the consumer, society and its fiscal bur-
den should also be taken into account. It appears imprudent to protect all agriculture, irre-
spective of viability within the Barbados environment. It also seems unwise to consider 
such protection as permanent. One way of proceeding would be to offer continued protec-
tion and assistance schemes conditional on increasing productivity and efficiency. The chal-
lenge is to find schemes that effectively operate to do this. 
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INTRODUCTION 

During the past decade, initiatives taken at the global and international level have pre-
sented significant uncertainties for the countries of the Caribbean Basin. Chief among these 
is the trend towards global trade liberalization as manifested in the efforts by world coun-
tries to substantially reduce or eliminate tariffs and non-tariff barriers to trade. Given the 
direct link between trade and development in open economies, the threats and opportunities 
posed by trade liberalization have significant implications for the future welfare of the region's 
inhabitants. 

In a general sense, the adjustments created by increased trade represent potential gains 
and losses for Caribbean products in the export and domestic markets. More specifically, 
these initiatives will impact on the preferential trading arrangements enjoyed by the region's 
exports and the protection traditionally given to domestic production. 

In this context, trade liberalization presents a special challenge to the region's agricul-
tural sector. In terms of foreign exchange earnings, contribution to GDP and employment, 
the agricultural sector plays a dominant role in the domestic economy of most Caribbean 
countries. As is the case with banana in the Windward Islands and sugar, cocoa and spices 
in others, the region's agriculture is dominated by a few traded commodities. These com-
modities constitute the largest tradeable component among the productive sectors in most 
of the OECS countries and Belize. 

The region as a whole also relies heavily on international trade in securing a significant 
percentage of its food consumption requirements. While import substitution policies pur-
sued by regional governments have contributed significantly to the development of pork 
and poultry as well as the vegetable and root crop sectors, these policies have failed to 
attract the levels of investment required to develop efficient enterprises for the domestic 
market. Opportunities exist for numerous products in the fast growing regional tourism 
market and the markets for tropical and specialty products in metropolitan countries. Ex-
ploitation of these markets and maintaining a basic level of regional food security will have 
to be pursued within the context of the new policy and trade agenda. The latter provides the 
long-term market stability necessary to generate needed investment in the agricultural sec-
tor. 

The pressures on the domestic agricultural sector have been further complicated by the 
macroeconomic policies pursued in some Caribbean states. In this sense, structural adjust-
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ment policies and agricultural sector adjustment programmes are particularly important as 
these measures have tended to advance the pace and scope of liberalization in national 
markets. 

The provisions and administration of the various global, regional and national trade 
liberalization initiatives are the basis on which policy-makers will negotiate trade policy for 
the region's agricultural sector. The boundaries determined by these negotiations will set 
out the options available to the private sector in making corporate plans and implementing 
decisions. 

Since they are members of GATT and belong to a regional common market (CARICOM), 
regional countries are committed to the liberalization of their agricultural sector. Addition-
ally, Trinidad and Tobago, Jamaica and Guyana have negotiated Sector Adjustment Loans 
with a specific programme of adjustment and Barbados and Belize are in the process of 
doing the same. As the region proceeds on this path, it must determine appropriate and 
coordinated responses for sustained development in the new trade policy framework. This 
process must be facilitated by realistic and unbiased analyses free from the unbounded 
optimism or deep pessimism that has traditionally clouded trade issues in developing coun-
tries. 

This paper will contribute to the process by focusing on trade liberalization in the 
agricultural sector of a number of regional countries. It begins with an overview of the 
global trade liberalization initiatives and reviews the trade policy and liberalization attempts 
in the various countries in terms of the overall boundaries set by GATT/WTO, CARICOM 
(CET) and the regional blocs, NAFTA and the EU. Overall trade policy strategies for 
various commodities and subsectors are suggested on the basis of the liberalization options 
that in terms of scope and schedule are most beneficial to the overall welfare of the region. 

GLOBAL TRADE POLICY AGENDA 

After decades of protectionist trade policies, fuelled by a system of subsidies, quantita-
tive restrictions, tariff and non-tariff barriers, the global trading system is embracing trade 
liberalization as the policy for future development. Trade policy development in recent 
years has reflected this trend. The major aspects of these policy developments include: 

The multilateral trade negotiations under the Uruguay Round have been completed and 
its provisions for the establishment of the World Trade Organization and the new re-
gime of trade rules, tariffs and practices ratified by member governments. 

The trend towards regional integration intensified, but in a trade environment of open 
regionalism thus reducing fears of regional economic fortresses. 

Trade liberalization gained momentum even on a unilateral basis, as economic struc-
tural adjustment in developing and transitional economies resulted in moves to export-
oriented market strategies. 
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Increased integration in the world economy and building export capacities became 
critical pillars in these efforts. 

The post-Uruguay Round agenda included the following key goals: 
i) completing negotiations in key service sectors 
ii) additional liberalization in areas like agriculture, steel and aviation services 
iii) formation of rules for international competition policies 
iv) the efficiency of the use of trade policy to enhance enforcement of environmental 

and labour standards 

The GATT (1994) 

The recently concluded GATT signed in April 1994, represents the first time that trade 
in agricultural commodities has been included in the Agreement. The GATT has as its pri-
mary objective the reduction in perceived distortions in international trade of agricultural 
products - distortions arising from government intervention and support for agriculture. 
Additionally, the agreement covers sanitary and phytosanitary controls on trade in agricul-
tural products since these have been an important source of non-tariff barriers. 

The agenda for change which is embodied in GATT reflects a gradual approach. Gen-
erally, the required reductions in distorting instruments/measures are extended over the 6 
years of the agreement : 1 July 1995 to 30 June 2001. The agreement offers some flexibility 
in the adjustment time-table as well as safeguards limiting the rate of import expansion. 
Developing countries have been given preferred treatment and special provisions have been 
made for food-deficit importing countries. 

The basic provisions for agriculture under the GATT are related to three main disci-
plines: 

Market access 
Domestic support 
Export subsidies 

Under market access, the GATT seeks to ensure trade access to foreign markets through 
the process of 'tariffication' and provisions allowing minimum market access. Tarrification 
requires the replacement of quantitative restrictions such as quotas and licenses with tariffs. 
These initial tariffs should provide levels of protection at or below the levels provided by 
the quantitative restrictions using a 1986-88 base period. 

Following this initial activity GATT members are required to reduce the levels of tariff 
- 36% over 6 years in the case of developed countries and 24% over 10 years in the case of 
developing countries. This clause allows for smaller tariff cuts for sensitive commodities 
provided that the individual tariff is reduced by a minimum of 15% by developed countries 
and 10% by developing countries. 

Market access provisions are intended to expand members' imports to a minimum of 
3% of domestic consumption by the end of the first year and 5% by the end of the 6-year 
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period. The market access is facilitated by low, non-restrictive tariff rates on the minimum 
import quantities. These quantities are termed 'tariff-rate quotas' (TRQs) and countries 
have the recourse to increase tariffs up to one-third of the normal levels once the trigger 
levels of import expansion have been exceeded. 

With respect to domestic support measures the GATT requires a 20% reduction in the 
aggregate measure of support (AMS) relative to the 1986-88 base period. Where the AMS 
is already below 5 and 10% in the case of developed and developing countries, respectively, 
no further reduction is required. Exemptions of items used in the calculation of the AMS 
include income support not related to the volume of production such as compensation pay-
ments under the CAP and the USA's deficiency payments. Additionally, the 'green box' 
items such as expenditure on research and development, training, marketing promotion and 
disease control are exempted. 

In the case of export subsidies the GATT provides for reduction in both the volume of 
exports which receive export subsidies as well as on the aggregate budgetary outlay on 
export subsidies. Several provisions of the GATT provide greater flexibility for developing 
countries. The reduction in tariff levels, domestic support and export subsidies are set at 
two-thirds of the required levels and are spread over a 10-year period. Additionally, the 
agreement provides special concessions for net food-importing countries such as those in 
CARICOM. It allows developing countries to seek resources from international financial 
institutions to meet adjustments emanating from the Uruguay Round. CARICOM states 
were major promoters of this initiative. 

North American Free Trade Agreement (NAFTA) 

NAFTA is a key part of the US President's economic growth plan designed to create 
new markets for American products and provide new investment, trading and employment 
opportunities for American companies and workers. It was a countervailing response to 
Europe 1992 by integrating a market of approximately 365 million people thus providing a 
basis for the USA to improve its production efficiency and competitiveness. It was also 
seen as a means by which the USA could negotiate on a hemisphere basis, certain trade-
related issues such as intellectual property rights and trade services which it was having 
difficulties concluding in the multilateral trade negotiations. 

NAFTA is the most significant of the regional trade blocs vis-à-vis its potential impact 
on the region's domestic agricultural sector. The NAFTA provisions are aimed at abolish-
ing almost all tariffs and other impediments to trade between the three countries (USA, 
Canada and Mexico) over a 15-year period while maintaining each country's restriction on 
trade with other countries. 

With respect to agriculture, the agreement is structured in accordance with the GATT 
rules in the areas of market access, domestic support and export subsidies. In the area of 
market access, members have agreed to improve access to their respective markets through 
the reduction or elimination of import barriers to trade between them. In the area of domes-
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tic support they have agreed that where a party supports its agricultural producers that the 
party should endeavour to work towards domestic support measures that have minimal or 
no trade-distorting measures or fall within the domestic support measures that are exempted 
from reductions under the GATT. 

Finally, with respect to export subsidies, there is agreement to eliminate export subsi-
dies for agricultural goods as well as an agreement to cooperate in efforts to achieve an 
agreement under the GATT to eliminate such subsidies. 

Conditions for NAFTA membership include an opening up of domestic markets to 
provide what is considered as fair and equitable market access for US exports of goods and 
services beyond what is required by existing multilateral trade agreements or obligations. 
More specifically, it requires that the country should have already undertaken a substantial 
reduction of tariffs to around a 20% average and sign investment and intellectual property 
rights agreements with the USA. Entry into NAFTA will be on the basis of reciprocity and 
there is no provision for any special or differential treatment of developing countries. Thus 
NAFTA offers an accelerated liberalization programme within the framework of the GATT 
provisions. 

Common Agricultural Policy (CAP) 

The European Union's (EU's) Common Agricultural Policy (CAP) is a system of price 
support designed to limit the impact on internal markets of fluctuations in the international 
market. The CAP is based on minimum price guarantees made through market interven-
tions, but also uses cross-border measures such as import levies and export subsidies. A mix 
of three basic programmes is used to administer the policy: (i) levies and duties on imports 
into the European union to ensure that they are not sold below the community's price index; 
(ii) export subsidies that maintain competitiveness should EU prices rise above interna-
tional market prices; (iii) a price system for EU farmers. 

Under this system, the European Union prevents an influx of low-cost imports by set-
ting a marginal price and collecting the difference between the marginal price and interna-
tional market price when imports enter the European Union. When world market prices are 
below the EU prices, the European Union provides export subsidies to its producers to 
enable them to export at competitive prices. 

The net impact of the CAP on Caribbean agriculture will depend on the extent to which 
reform of the CAP affects both the demand for and entry of regional exports into EU coun-
tries and how demand in the Caribbean for EU imports is affected. 

TRADE LIBERALIZATION IN INDIVIDUAL MEMBER STATES 

Historically, CARICOM member countries have pursued a cheap food policy with few 
import barriers. Since the 1960s, the region has adopted import substitution policies using a 
commodity approach. Thus quantitative restrictions have been employed to protect the do-
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mestic production of strategic commodities including pork, poultry, liquid milk and other 
livestock products, and vegetables. The employment of this policy has been more common 
in the larger territories such as Guyana, Trinidad and Jamaica compared to the OECS states 
where elements of the cheap food policy have persisted and some countries have fairly open 
markets. Consequently, trade liberalization efforts in the region are more focused in the 
larger CARICOM territories where more elaborate protection regimes have been utilized. 

Within the region itself, development of a regional free market for agriculture has been 
hindered somewhat by the unwillingness of local farmers to share domestic markets with 
other regional producers, lack of marketing infrastructure and high marketing costs. 

Development of trade policy strategies for various regional countries and products will 
include considerations of the following: 

- The Common External Tariff (CET) whereby CARICOM states have maintained a 

joint approach to protection against extra-regional imports 

Agricultural Sector Loans negotiated with multilateral institutions 

Individual Country tariff offers to the GATT 

The Common External Tariff 

The Common External Tariff (CET) of CARICOM was designed to provide protection for 
agricultural and industrial production of finished goods, raw and intermediate materials and 
capital goods. The CET is structured to support the development of internationally com-
petitive production in CARICOM while maintaining .unrestricted intra-regional competi-
tion. In addition, the tariff distinguishes between goods in regional production, i.e. compet-
ing and non-competing goods and sets a lower rate for certain foodstuffs and special goods 
that are critical in low-income diets. Special allowance was made for particular territories 
vis-à-vis protection of specific industries and high import items. Since most agricultural 
inputs used in the region are imported, these attract a low rate of 0 to 5% under the CET. 
During the period 1994-2000 the maximum tariff levels for manufactured goods are sched-
uled to decline to 20%. The maximum rate for agriculture of 40% is scheduled for review in 
1998. 

Agricultural Sector Loans (ASLs) 

Agricultural Sector Loan (ASL) programmes are individual country agreements with the 
World Bank and Inter-American Development Bank(IDB) for access to funds to be used for 
the reform of the national agricultural sector. Already Trinidad and Tobago and Jamaica 
have negotiated such agreements. In return for the funding, the governments of these coun-
tries have agreed to effect a trade and price policy reform that will create more open and 
less distorted markets. 
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Among the policy measures proposed under the ASLs are: 

Sector policy should reduce distortions and costs associated with transfer payments 
and subsidies to agriculture. 

Trade restrictions, affecting both agricultural products and inputs should be liberalized. 

To adequately protect farmers and agro-industry from subsidized exports from major 
agricultural trading nations, as well as predatory pricing and dumping practices, the reform 
programme should include mechanisms to counteract and/or compensate producers when 
these trading practices are identified. These policies should increase the competitiveness of 
agriculture, while reducing distortions and inefficiency resulting from excessive govern-
ment intervention in trade and price policy. 

The actions proposed with respect to the above policies include: 

An agricultural pricing regime consistent with international comparative advantage, 
including a reduction in support payments to farmers. 

A programme leading to a tariff regime with a low average tariff and dispersion, and 
the progressive reduction of non-tariff barriers. 

Measures to protect agriculture from predatory pricing and dumping by trading part-
ners. 

A programme to minimize government intervention in trade of agricultural products 
arid inputs. 

The tariff regime developed under the ASL is initially set at levels to provide the same 
level of protection provided under the previous quantitative restriction (negative list). 
Tariff levels are based on the existing rates of the Common External Tariff (CET) supported 
by an appropriate import surcharge. The import surcharges are gradually phased out over a 
3-year period. At the end of this period, the CET will be the only protection available for the 
local agricultural sector. 

The general measures of agricultural trade reform under the ASL appears to be consis-
tent in direction with those of the GATT. More specifically, under the ASL, countries in the 
region have agreed to reductions in tariff from the 30% in the CET to 20%. The rate of 
conversion of import surcharges is a faster rate (3 years) of adjustment than exists under the 
GATT (6 years in the present agreement). The question then arises as to the rationale for 
regional countries adopting a 3-year period of adjustment as opposed to 10 years under the 
GATT and 15 years under the NAFTA. 

Tariff bindings 

CARICOM countries, in particular Trinidad and Tobago and Jamaica, had a number of 
tariff rates bound under the GATT from previous rounds. In binding tariff rates, the govern-
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merits have undertaken a commitment to GATT to maintain the rates for particular com-
modities at a specific agreed level. Consequently, the tariff bindings will remain under the 
W T O and therefore provide some inflexibility in terms of developing trade policies and 
accessing any opportunities accruing from liberalization. 

CARICOM has decided that in situations where the tariff bindings exceed or are equal 
to the CET, the country will continue to apply the CET. Where the binding is below the 
CET, the bound rate will apply. 

Fortunately, few products are so affected in the case of agriculture. Leguminous veg-
etables, pimento and pepper are all items for which the bindings are free in Trinidad and for 
which the CET will be suspended through 1998. 

PROPOSALS FOR A REGIONAL TRADE POLICY FRAMEWORK FOR THE 
AGRICULTURAL SECTOR. 

Each of the major trade liberalization initiatives poses particular implications for the 
agricultural sector in terms of the competitiveness of the region's producers in export agri-
culture as well as production for the national and regional markets. Regional trade policy 
must then be developed with the aim of maintaining or enhancing free and fair trade for 
regional products in these markets. This principle is enshrined in the GATT in terms of 
special and differential treatment for developing countries under the agreement. 

Export markets 

For the region's traditional agricultural exports, the implications of trade liberalization 
revolve around the future of preferential trading arrangements with the EU and North 
America. The provisions of the GATT on tropical products ensures market access for the 
regions non-traditional exports and future strategies for this sector must be aimed at im-
proving competitiveness in production and marketing. 

The magnitude of the effects of liberalization on traditional exports depends on the 
extent and scope of liberalization and the commodities so affected. The region's sugar 
exports currently benefit from the US and the E U sugar quota. Since the bulk of the 
region's sugar goes to the European market and the EU sugar quota is written into the 
GATT, the regional sugar industry can only be disadvantaged to the extent of price reduc-
tions due to reform of the CAP or a cut in the US sugar quota to benefit Mexican sugar 
under NAFTA. 

Reduction of export subsidies for sugar will have the effect of raising prices in the 
medium to long term. To take advantage of this fact, the policy objective must be to remain 
in the market in the face of possibly lower prices in the short term. The prognosis is differ-
ent for banana where the EU banana protocol has been challenged to be in contravention of 
the GATT rules. Nevertheless, the price effects are likely to be similar and require the same 
strategy. 
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Where preferential arrangements are reduced or eliminated, the specific objectives of 
regional policy must be geared towards developing mechanisms for initial adjustment dur-
ing the transition period and development and adoption of cost-reducing technology to 
enhance competitiveness in the medium to long term. In the case of the US and Canadian 
markets, an added option is that of accessing NAFTA. 

In seeking access to NAFTA, the CARICOM countries must recognize the fact that its 
acceptance is dependant on the USA. In addition, if the decision is made to enter NAFTA, 
then CARICOM countries must decide if to enter as a whole bloc or that individual coun-
tries be allowed to seek entry. It is very unlikely that the members of NAFTA will want to 
deal with a number of different countries on an individual basis. However, certain countries 
in CARICOM are nearer to achieving the pre-conditions for entry than others. 

The major drawback to this view is that NAFTA creates the environment where goods 
and services produced by Mexico are similar to those produced by the CARICOM region. 
This situation creates a great deal of competition for the CARICOM produce. 

In considering policy options for agricultural exports, it must be noted that under GATT 
there is some leeway for developing nations such as those in CARICOM in applying export 
subsidies. While financial considerations may preclude any significant emphasis in this 
regard, the GATT also exempts research and development expenditure and market promo-
tion activities from support measures. This provides additional options for enhancing 
competitiveness in the production of traditional and non-traditional commodities for ex-
port. 

Domestic and regional market 

Under trade liberalization, significant import penetration can be expected from the 
removal of quantitative restrictions and accession to NAFTA. With developed nations em-
ploying a 10- to 15-year adjustment timetable, it is highly probable that producers of com-
peting imports into the region will continue to benefit from subsidies over this period. As a 
consequence, the immediate goal of regional agriculture in domestic and regional produc-
tion should be to ensure that regional producers are protected from these cheap subsidized 
imports. 

An important aspect of trade liberalization is the provision of safeguards to countries 
which pursue liberalization. In this regard both GATT and the ASL make provision for the 
adoption of countervailing measures to protect domestic agriculture from predatory pricing 
and dumping. Since tarifflcation forms the major thrust of market protection under the 
GATT, regional countries must adopt suitable tariff levels as the necessary mechanisms to 
enforce such provisions. 

In addition to protecting regional producers, another immediate objective of tariffication 
should be to allow consumers to benefit from cheaper prices where possible. In this context 
a commodity-by-commodily approach should be utilized in setting tariff rates. 
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The proposed reduction in tariff under GATT is gradual and is unlikely to result in 
significant increases in competitiveness of imports in the immediate short term. Indeed if 
the industrialized countries reduce support to their agricultural sectors as agreed under GATT, 
the price of a number of internationally traded commodities, particularly those which are 
currently highly subsidized, would likely increase. 

Over the medium to long term such increases in price of imports could stimulate do-
mestic production. The 1998 level of the CET takes on added significance in this regard. In 
reviewing the CET levels, consideration must be given to overall protection levels. CET 
duties for competing agricultural products should not be significantly lower than the duties 
imposed by other countries under the GATT and the NAFTA. 

Regional integration 

The regional integration movement, CARICOM, has experienced many setbacks in the 
drive towards the development of a free market among its member states. There are still 
impediments to trade in agricultural products within the region in the form of non-tarrif 
barriers. An example of this is the continued ban on beef imports from Guyana despite the 
existence of a vast gap between regional demand for beef and the supply and the existence 
of internationally recognized systems to manage beef imports from countries with similar 
disease problems. 

Given the global trends toward regional economic integration, CARICOM states pos-
sess little option besides full regional marke t The necessity of this approach in dealing with 
NAFTA and the possible FTA was already analysed. Additionally, a regional approach is 
best suited for future relationships with the WTO particularly in the area of tarification and 
settling of disputes. From the standpoint of negotiating with international organizations, a 
joint approach is also likely to be more fruitful. It is felt in some regional circles that the 
results of individual country negotiations in terms of structural adjustment programmes and 
more recently ASLs could have been more beneficial with a regional approach. 

Regional firee trade in agriculture will allow producers to become more competitive 
and facilitate the development of efficient enterprises and some degree of specialization 
with a resulting lowering of food prices. This strategy would assist in the development of 
non-traditional exports as regional farmers would be better suited to compete in a global 
marketplace. 

SUMMARY AND RECOMMENDATIONS 

Trade policy 

Since regional agriculture operates within the overall framework of national macro-
economic policy, there is a danger that trade liberalization initiatives in the regional agricul-
tural sector would not place adequate emphasis on agriculture and its unique position in 
world trade. The ASLs already negotiated by some CARICOM countries have emphasized 
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a rapid and comprehensive liberalization that is unsuited to the sector and incompatible 
with the provisions of the GATT. 

On the other hand, the approach adopted by developed nations has fully utilized the 
GATT provisions and provided scope for the maintaining market share as barriers are gradu-
al ly dismantled. The latter countries have been in the forefront of the trade liberalization 
agenda, and as seen in the provisions of the NAFTA and the EU, have made ample provi-
sions to maintain the role and performance of agriculture. This should also be the future 
approach for trade policy in the region. 

Using the provisions of the GATT (1994) agreement, regional countries can replace 
quantitative restrictions with a tariff rale quota that provides equivalent protection for the 
sector. This allows for adjustment within the defined schedule to strike an appropriate bal-
ance vis-à-vis domestic producers and consumers. The importance of detailed analysis in 
determining tariff rates cannot be overstated as evidenced by the higher prices paid for beef 
by Trinidad consumers due to rising import prices and the surcharge imposed to protect 
local beef producers who supply less than 20% of domestic consumption. 

The tariffrate quotas (TQRs) allow limited access for imports at low duties and higher 
over quota tariffs on import levels above the TQR amount (3% in the first year and 5% by 
200 ! ). This approach is ideal for commodities in which the region has demonstrated tan-
gible production capability or is pursuing development to meet existing market opportuni-
ties. For those commodities where such advantages do not exist, a lower initial tariff can be 
set to lessen the hardships to consumers. It is useful for all commodities as it allows the 
structure of production and consumption to adjust to shifts in prices as the structure of 
world trade changes. 

The most important aspect of the GATT is the gradual pace and limited scale of reform. 
As members of the WTO, regional countries are not obligated to accept or implement any 
measures that are not in accordance with the GATT rules. Like all other WTO members, the 
region has 10 years to reduce its initial tariff levels by 24%. 

Other issues 

The issues to be addressed in setting trade policy, must be done within the transition 
period in which these agreements are fully implemented. Utilizing the GATT approach to 
trade policy does not absolve the region from resolving a number of other issues that are 
key to the survival of agriculture in the new world order. Chief among these is the harmoni-
zation of trade measures in the region and the development of regional free trade. Other 
issues involve the restructuring of product and marketing for the sector. Specific actions 
include: 

Technology to improve productivity and competitiveness. 

Infrastructure endowment 
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Improvement of standards to meet those of competing imports. 

Increases in productivity through improved management and increased efficiency of 
labour. 

Attainment of economies of scale in production and processing 

Partnership/foreign investment/joint venture arrangements 

Market research and development 
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AGRICULTURAL TRADE NEGOTIATIONS IN 
THE FTA AND NAFTA 

Philip Stone 
Western Hemisphere Trade Policy Division 

International Trade Policy Directorate 
Market & Industry Sen'ices Branch 

Agriculture & Agri-food Canada 

INTRODUCTION 

Thank you for the opportunity to provide a Canadian perspective on agricultural trade 
negotiations in both the FTA and NFTA context. 

I will focus on the agricultural aspects of the negotiations which led first to the estab-
lishment of the Canadian/USA Free Trade Agreement (FTA) and then a few years later 
resulted in the formation of the North American Free Trade Agreement (NFTA). 

However, in order to put the North American scene into perspective, it is useful to first 
recall where agriculture was mult il ate rail y when the FTA negotiations started in the sum-
mer of 1986. 

To be frank, from the outset of the GATT, agriculture had been treated as a special case 
by the developed countries. Existing import quotas and other non-tariff barriers were 
grandfathered when countries joined the GATT and the GATT rules were written to allow 
import quotas in support of supply management. The special treatment for agriculture was 
continued in the mid-1950s when the GATT decided to eliminate industrial export subsides 
but not agricultural export subsidies. The proliferation of country-specific exceptions and 
special rules for agriculture meant that, while industrial trade barriers were progressively 
reduced over the post-world war period, distortions in agriculture actually increased. 

Ineffective multilateral rules, rules which did not apply equally between countries, and 
the increasing tendency of governments to block GATT panel reports they did not like, 
formed the background to the agricultural negotiations of the FTA. 

It is also worth noting that, in Europe, the Free Trade Agreement between the members 
of the European Free Trade Area (EFTA) and the original six members of the European 
Economic Community effectively excluded agriculture. Only in the case of the European 
Community's Custom Union was agriculture fully included. But as we all know now the 
price of European integration for world agriculture was very high. The resulting common 
agriculture policy was based on the lowest common denominator which meant very high 
commodity-specific price supports, even higher import barriers through the use of variable 
import levies and, as structural surpluses were created, increasingly aggressive use of direct 
export subsidies. 

By the mid-1980s agriculture had become the 'bad boy' of international trade. 
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In contrast, prior to the negotiation of the FTA, roughly 50% of Canada/USA agricul-
tural trade was already free. For much of the balance, successive rounds of GATT negotia-
tions had resulted in tariffs which were relatively low, and in many cases matched US tariff 
rates. Only a few sectors were subject to non-tariff barriers. In the case of the USA, Section 
22 import quotas were in place for dairy, sugar, cotton and peanut. In the case of Canada, 
GATT Article XI import quotas were being applied in support of the Canadian supply 
management systems for dairy, poultry and eggs. 

While the overall level of support for agriculture was broadly comparable between the 
two countries, there were significant differences between commodity sectors. In the USA 
direct income support was concentrated in the grain sector whereas non-budgetary support 
provided through import protection was concentrated in the sugar and dairy sectors. 

In Canada, the budgetary support was spread over a wider range of commodities but 
was particularly concentrated in the grains and red meat sectors. Non-budgetary support 
was provided to the supply-managed dairy and poultry sectors by restrictive import quotas. 

It was against these international and domestic backdrops that many people questioned 
whether it would be possible for agriculture to be included in the FTA. Contrary to many 
expectations, substantial progress was made. In particular, it was agreed to phase-out all 
normal agricultural tariffs. 

However, it quickly became apparent that both parties lacked the political will to elimi-
nate import quotas and the USA was not prepared to negotiate either domestic support 
programmes or US marketing orders. Canada, for its part, was interested in defining what 
constituted a trade-distorting subsidy in order to avoid having its income support programme 
potentially vulnerable to US countervailing duties and protecting its marketing boards for 
dairy and poultry products. In the end, negotiations on internal support and countervailing 
duties had to be left to the Uruguay Round negotiations which had gotten underway in the 
fall of 1986. 

Both countries agreed it made good sense to eliminate agricultural export subsidies on 
bilateral trade, but the USA was not willing to accept effective disciplines on export subsi-
dies to third markets. For the USA, a multilateral agreement on export subsidies was the 
main goal of the Uruguay Round. 

There was early recognition in the FTA negotiations that as conventional trade barriers 
were reduced it was essential to ensure that technical regulations, such as sanitary and 
phytosanitary measures, were not used as disguised barriers to trade. The FTA negotiations 
in this area provided a model for the NAFTA and GATT negotiations. 

It is important to note that while the FTA ultimately did not address import quotas and 
internal support, and only dealt with the bilateral use of export subsidies, the negotiators 
nevertheless recognized the interrelationships between domestic agricultural policies and 
agricultural trade problems. This recognition reflected the path-breaking work of the 
OECD and GATT's preparatory committee on agriculture (The de Zeeuw Committee) which 
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in the early 1980s provided the first intergovernmental acknowledgement that agricul-
tural trade problems were directly linked to the level and type of domestic agricultural 
support. 

Consequently, the final results of the FTA negotiations, which were concluded in 
December 1987, were not as broad as the Uruguay Round nor as deep as the results achieved 
between Mexico and the USA in the NAFTA negotiations a few years later. However, the 
FTA results were largely shaped by the perception of the US administration at the time, 
which did not believe that a bilateral negotiation had the necessary critical mass, i.e. the 
more sensitive issues could only be sold to Congress as part of a much larger multilateral 
negotiation. 

MEXICO AND NAFTA 

An important aspect concerning Canadian involvement in NAFTA, is our changing 
view of Mexico. Rather than just being a warm country to vacation in during the winter, 
Canadians have discovered Mexico as a place to do business. Visits by Canadian business 
people as registered by our embassy in Mexico City have increased dramatically. 

When it became clear that Mexico and the United States were intent on concluding an 
arrangement similar to the FTA, Canada faced two choices. We could watch from the side-
lines and let our neighbours to the south work out a bilateral agreement or, we could take 
advantage of the opportunity to secure ease of access to new markets and to ensure our 
interests under the FTA were protected. The latter was the option chosen. 

A trade agreement between the USA and Mexico alone would have meant that the 
USA would have free trade with Canada and Mexico, although Canada and Mexico would 
not have free trade with each other. This so-called 'hub and spoke' arrangement would have 
disadvantaged Canada as a place for investment. 

Canada's participation in the negotiations, ensured development of an integrated mar-
ket, with trade rules that apply equally to all three countries. 

The United States and Mexico have agreed to phase-out without exception, all agricul-
tural tariffs and non-tariff barriers with extended transition periods for sensitive products. 
At the start of the NAFTA negotiations over 80% of Mexico's agricultural exports to Canada 
entered duty-free. By contrast most Canadian goods and services faced barriers entering 
Mexico, primarily import licenses - in effect this was an unbalanced situation in Mexico's 
favour. NAFTA provides for the elimination of all Mexican and Canadian agricultural tar-
iffs and non-tariff barriers, except the non-tariff barriers affecting Canadian dairy, poultry 
and egg sectors and the Mexican sugar import regime. 

In the case of Canada's supply-managed products (dairy, poultry and eggs) Canada's 
position from the outset of the NAFTA negotiations was that GATT Article XI import quo-
tas were not negotiable in a NAFTA context and we would only address Article XI in the 
GATT multilateral negotiations. In the final analysis Canada accepted MTN tarrification of 
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GATT Article XI. The upshot is that the tariff equivalents for the dairy, poultry and egg 
sectors introduced consistent with the WTO remain in effect under the NAFTA. 

Sugar is somewhat different Here, Mexico wanted Canada to adopt the same import 
regime against third countries as adopted by the United States and Mexico. 

We said no, on the grounds that higher sugar prices in Canada would adversely affect 
consumers and the competitivity of food processors. In the end it was agreed that Canada 
would apply against Mexico the same tariffs Mexico applied against Canada on sugar and 
syrups. 

Will Canada be at a disadvantage vis-à-vis the USA in the Mexican market? For dairy, 
poultry, eggs and sugar, the answer is , of course, yes. In these areas, Canada will continue 
to be treated by Mexico as a GATT trading partner, just like the European Community or 
New Zealand, and we will not receive the preferential and ultimately duty-free entry that 
the USA will receive for these products. However, for all other agricultural products Canada 
will receive the same or equivalent access to Mexico as the USA. Imagine you are an agri-
food company in south-west Ontario and a market of 85 million consumers opens up -
remembering Laredo, Texas (on the Mexican border) is closer than Edmonton! What an 
economic opportunity. 

Will NAFTA affect Canada/USA agricultural trade? Not really. Agricultural trade be-
tween Canada and the United States will continue to be governed by the provisions of the 
Canada/United States Free Trade Agreement which were legally incorporated into NAFTA. 
These provisions provide for the phased elimination of all agricultural tariffs, except Canada's 
Article XI import quotas supporting marketing boards and the US Section 22 import quotas 
on sugar, dairy and peanut which were tariffied under WTO, remain. 

IMPACTS ON CANADIAN AGRICULTURE 

While the FTA was not as comprehensive as the USA/Mexico negotiations under 
NAFTA, which did eliminate import quotas as well as tariffs, both the FTA and NAFTA 
have had important impacts on Canada. 

Firstly, exports to the USA have grown appreciably (more than 130% since the agree-
ment entered into force on 1 January 1989). The same is true for Canada's agricultural 
exports to Mexico which have quadrupled since 1991. In 1994 Canada's exports to Mexico 
grew by 42% in the first full year of NAFTA. The more rapid expansion of Canadian agri-
cultural exports to the USA, as compared to the slower growth to third countries, has meant 
that the importance of the US market for Canadian agriculture has increased significantly. 

In 1988 the USA accounted for 31 % of total Canadian agricultural exports. In 1994 the 
USA accounted for 53% of total Canadian agricultural exports. 

While both primary and processed products have shared in the growth of exports to the 
USA, it is becoming increasingly evident that to date the greatest impact of the FTA has 
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been on the food processing sector - both in terms of investment and product specialization 
decisions. Let me take a moment to explain. 

Prior to 1989, the Canadian food manufacturing sector was largely a branch-plant op-
eration. That is to say, transnational as well as Canadian-owned companies were largely 
content to produce mainly for the domestic market behind fairly high tariffs, typically in the 
15-17.5% range. As a consequence, production runs tended to be small and processing and 
distribution costs fairly high. 

However, since 1989 the Canadian food processing sector has undergone a number of 
important transformations. 

Firstly, the management mind-set has changed fundamentally. Companies are increas-
ingly operating as part of a North American and, in some cases, a global market. Product 
specialization, economies of scale, and north-south as opposed to transnational marketing, 
are increasingly the watch words of the agri-food business community. Cargill, ADM, Iowa 
Beef Packers and a number of other major US food processing companies have all in-
creased their investment in Canada, particularly in the beef packing and oilseed crushing 
industries. Many transnational companies have reduced the number of product lines pro-
duced in Canada, but have given the Canadian operation the product mandate to service, 
say, the North American eastern seaboard or the Pacific north-west. 

Although some production lines have been pulled back to the USA, on balance it would 
appear that Canada has gained more investment than it has lost. There is no doubt that the 
rationalization which has occurred has helped the Canadian food processing sector to be-
come increasingly competitive and increasingly orientated towards servicing a North Ameri-
can agri-food economy. 

At the primary producer level the adjustments have not been as great. The main excep-
tion was the grape-producing sector which had to make major adjustments to survive in a 
less protected wine environment. On the other hand, the cattle, hog, grains and oilseed, and 
most of the fruit and vegetable sectors were already operating largely within a North Ameri-
can market or on a North American competitive basis. 

What the FTA and NAFTA have done is to make access to the USA and Mexico more 
secure and in most cases free. More fundamentally it has encouraged producers, processors 
and federal and provincial governments to recognize that in order to prosper Canadian 
agriculture has to become more regionally and globally competitive. 

It is therefore rather ironic that the main sector where Canada has been globally com-
petitive for many decades, the Canadian wheat and barley sector, is currently experiencing 
difficulties fully accessing the US market. 

LESSONS 

Let me now turn to some of the lessons we have learned from the FTA and NAFTA 
trade agreements. 
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As trade barriers come down it becomes difficult, if not impossible, to continue to 
ignore the impact of producer support programmes and marketing systems on food proces-
sors. As barriers are reduced, it becomes progressively more difficult for one partner to 
maintain a two-price system. Some examples illustrate this. In Canada, it was recognized 
that once the FTA was implemented, it would be impossible to continue to have a 'made-in-
Canada' price for domestic sales of milling wheat if imports of US bread, biscuits and pasta 
were to enter duty-free. As a consequence, Canada unilaterally abolished its long-standing 
two-price wheat system once the FTA negotiations were completed. 

Similarly, where protection was maintained in the supply-managed sectors it was im-
mediately evident that Canadian processors of, say. chicken TV dinners would have to have 
access to inputs at US competitive prices if Canadian companies were to compete with 
duty-free imports of the finished product. This required the introduction of a supplementary 
import quota system which favoured further processors. 

On the US side the réintroduction of grain export subsides in 1985 after more than a 
decade of absence has clearly acted to attract increased imports of Canadian wheat. The 
EEP programme has resulted in US d imes tic wheal prices being extremely attractive rela-
tive to off-shore markets, particularly where the USA and EU are going head-to-head with 
export subsidy competition. In the case of durum wheat, for example, high EEP subsidies 
shorted the US market and caused increased imports of durum from Canada as well as 
increased imports of pasta from off-shore. 

Another lesson is that as barriers come down differences in support and marketing 
systems may begin to be perceived as unfair. Unfortunately, in politics perception is reality. 
Again the grain sector is a classic example. Even though US support levels for wheat and 
barley are roughly twice those of Canada, the fact that Canada markets these grains 
through a single desk selling agency - the Canadian Wheat Board - has acted as a lighten-
ing rod. These differences in the grain sector nearly resulted in a full-scale trade war last 
summer. 

Similarly, Canada's insistence on maintaining protection for supply-managed products 
(i.e. dairy, poultry and egg marketing boards) has precipitated US poultry and dairy produc-
ers to argue that, notwithstanding the import quota exceptions negotiated in the FTA, all 
barriers should now be progressively eliminated. Continuing differences between Canada 
and the USA as to whether the GATT conversion of import quotas into tariffs should result 
in agreement to phase-out the ensuing tariff equivalents on bilateral trade of such tariffs, 
will probably lead to the establishment of a formal NAFTA dispute settlement panel later 
this year. 

The importance of effective dispute settlement provisions cannot be over-emphasized. 
The capacity to refer intractable trade disputes to an impartial panel for an objective finding 
of the facts helps to prevent special interest groups from hijacking the agreement and allows 
governments to diffuse trade disputes which have become too politicized to be resolved 
through normal bilateral consultations. 
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All the foregoing suggests that while domestic support and market policies do not have 
to be harmonized, it becomes increasingly difficult to manage the trade relationship if the 
policies diverge too widely. It has also become increasingly evident that as investment and 
trade barriers are reduced governments have to be conscious of the impact of their producer 
support policies on the production and investment decisions of food processing companies 
which are increasingly prepared to move resources to regions which offer the best long-
term returns. This has particular significance for smaller countries which must offer a 
hospitable economic environment if they are to attract and maintain scarce investment re-
sources in the agri-food processing sector. 

CONCLUSIONS 

As someone who has spent most of his career in trade policy, I am very much aware 
that trade negotiations are a means to an end. Whether these negotiations are bilateral, 
regional, or multilateral, the key objectives remain the same. We want freer and more se-
cure access which will enable domestic producers and processors to invest and plan with 
greater confidence. 

We want a rules-based agreement where all the parties are subject to the same rules, 
and the rules are backed-up with an effective dispute settlement system. 

We want an agreement which is seen by all parties to be fair and mutually benefi-
cial. 

The bottom line is that international economic relations are about enlightened self-
interest. In this respect agriculture is no different than any other sector of the economy. 
However, the politics of agriculture are such that often the outcomes are less than perfect. In 
this regard Arthur Dunkel, the ex-head of the GATT, often liked to remark: "The best is 
often the enemy of the good". Sometimes it is possible to move ahead on a revolutionary 
rather than an evolutionary basis. But sometimes we have to be satisfied that a partial out-
come is still very much preferable to the status quo. 

With the benefit of hindsight, perhaps the most important lesson to be learned from the 
trade negotiations in the FTA and NAFTA is that domestic policy-makers in the future will 
no longer be able to develop domestic agricultural policies in a vacuum. As trade barriers 
come down countries can no longer respond only to domestic political imperatives. They 
must begin to frame their agricultural policies in such a way that they are more compatible 
with freer and less distorted markets. 

While 1 do not believe that free trade agreements have to result in identical agricultural 
policies, the experience of the FTA and NAFTA agreements for Canada clearly suggest that 
the parties to such agreements must begin to adjust their policies to make them more com-
patible if the agreements are not to fracture. 

I am reasonably confident that, provided adjustments are not expected to be made over-
night, it is well within the realm of the possible to gradually bring differing agricultural 

4 8 



support and marketing systems into greater convergence, thereby reducing the potential for 
friction and maximizing the prospects for a mutually beneficial trading relationship. 

In agricultural trade negotiations it has been my experience that the most important 
negotiation is the one at home. The key to any successful negotiation is to persuade the 
domestic stakeholders that, given sufficient time, they can adjust to the terms of the agree-
ment In these domestic negotiations, the trick is to demonstrate that there are opportunities 
as well as challenges. 

The experience of the Canada/USA Free Trade Agreement and the New Zealand/Aus-
tralia Free Trade Agreement is that it is the smaller partner which is more likely to adjust 
faster, therefore capturing more of the opportunities associated with a larger, integrated 
market 

In closing, let me stress that it is all too easy in a talk to over-emphasize the difficulties 
associated with regional trade agreements. This would not be the main lesson to draw nor 
the conclusion I want you to take from this meeting today. While there continue to be some 
problems, the fact remains that in North America the vast bulk of agricultural trade flows 
without difficulty, to the mutual benefit of producers, processors and consumers in all three 
North American countries. 

Thank you. 
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THE DISTRIBUTION, HISTORY AND USE OF 
THE AFRICAN BAOBAB IN BARBADOS 

John Rashford 

Department of Sociology and Anthropology, College of Charleston, 
66 George Street, Charleston, SC 29424, USA. 

ABSTRACT 

With seven species in Madagascar and one in Australia, the tropical genus Adansonia 
is a small, well-defined group of Old World trees of which the giant African baobab 
(Adansonia digitata L.) is one of the most prominent members. The African baobab was 
probably introduced to the Caribbean in the early eighteenth century, and although it is now 
widespread in the region, it remains a rare tree wherever it grows. Barbados is no exception. 
This paper discusses all the baobabs identified in Barbados through published accounts, 
interviews and islandwide searches, and it documents, to the extent possible, their history 
and cultural importance. 

DESCRIPTION 

The baobab grows 20 m or more in height and is readily distinguished by its huge 
bulging trunk or trunks that seem strangely disproportionate to the trees moderate height 
and thick, rapidly tapering branches. It has alternate compound leaves, each composed of a 
long leaf stalk with three to seven oval-shaped leaflets radiating from the top like fingers 
from the hand. The leaflets are usually five in number and vary in size. The baobab is often 
leafless for a good part of the year in the drier parts of Africa. In the Caribbean, leaves are 
usually shed during the winter dry season and new leaves are produced in the spring or early 
summer and last through the fall. 

Appearing as early as May and continuing into late September and early October -
even into November in some cases - are large, waxy, hibiscus-like flowers (about 15 cm 
across) that are white or cream-coloured and hang 'upside-down' on long stalks. 

From these flowers develop large, woody, gourd-like capsules that are oblong in shape, 
up to 30 cm long and 10 cm in diameter, and covered by what seems like brown velvet. 
Each fruit weighs from 1.5 to 5.5 kg and contains From 30 to 400 brown, kidney-shaped 
seeds. The seeds are embedded in a white or cream-coloured acidic pulp laced together by 
a mass of tough, stringy Fibres that also divide the interior of the fruit into segments in a 
manner similar to that of an orange or any other citrus. These fruits mature through the 
summer and autumn, and they ripen and fall from the tree in the winter, spring and early 
summer. 
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DISTRIBUTION IN THE NEOTROPICS 

The history and cultural significance of the baobab in Barbados are a small but impor-
tant part of any effort to account for its introduction and spread in the tropical and subtropi-
cal regions of the New World (Rashford, 1987a, 1991). The need for such information is 
clearly recognized in the scientific literature (Maheshwari, 1971 ; Wickens, 1982). Armstrong 
(1984) notes, for example, that "The occurrence of Adansonia digitata in the New World 
has not been documented as closely as its distribution in the lands surrounding the Indian 
Ocean Basin". He goes on to conclude that "A more thorough study of the distribution of 
this species in the Caribbean area, and its role in the ethnobotany of territories such as Haiti 
would be worthwhile". 

Owen (1970) reports baobabs in South America, and although it is said to be 'rare' in 
Florida I have identified over 50 trees and I suspect there are many more. The tree is also 
described as 'rare* in the Caribbean, but it is far more common that is generally recognized. 
I have seen trees in Jamaica, Antigua, St Kitts, Puerto Rico, Trinidad, and the United States 
Virgin Islands (specifically in St Thomas, St John and especially St Croix). There are also 
reports of its presence in Tobago, Cuba, Haiti, Nevis, Dominica, Bahamas, and the Dutch 
Leeward Islands. Because of human dispersal in the Caribbean and around the world, the 
baobab is especially common in the more intensively managed areas of the human environ-
ment including roadsides, public grounds, religious places, nurseries, parks, home gardens, 
and botanic gardens (Burton-Page, 1969; Vaid, 1978; Varmah and Vaid, 1978; Wickens, 
1982; Rashford, 1987a, 1991). 

THE BACKGROUND TO THE PRESENT STUDY 

Only one or two trees are mentioned in most scholarly and popular accounts of the 
baobab in Barbados (e.g. Maycock, 1830; Gooding et al. 1965; Hargreaves, 1965, 1972; 
Seddon and Lennox, 1980). The only estimate of a larger number was given by Clyde 
Crichlow in several newspaper articles in the Trinidad Guardian and the (Trinidad) Ex-
press. Based on Crichlow's comments, if there are "at least three and possibly five or more 
in Tobago" (Crichlow, 1987) and two in Trinidad (Jeffrey, 1987), then there would be any-
where from three to five trees in Barbados. This paper verifies the existence of six trees in 
Barbados and identifies three which I have not seen. (Figure 1; Table 1). 

THE WARREN BAOBAB 

There is no mention of baobabs in Barbados in 17th-century accounts of the island's 
natural history which include the well known works of Ligon (1657), Sloane (1687) and 
Plunkenet (1691-1696). The earliest report was that of the Anglican priest, the Reverend 
Griffiths Hughes, in The Natural History of Barbados (1750). He dealt specifically with the 
Warren tree. Hughes identified the baobab as the 'Corn-Tree' noting that it was brought to 
Barbados "about twelve Years ago from Guiney, and now grows at the Eftate of Mrs. War-
ren, at the Black-Rock Plantation". At 12 years old the Warren tree had not yet flowered and 
Hughes (1750) in his description of it wrote: 
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"Its prefent Growth is about fixteen Feet high, branching chiefly towards the Top; the 
Bark is of a greyish White; and its leffer Branches at the Top cloath'd with five green 
Leaves, furrounding one common Centre; thefe are two Inches and a half long, and an 
Inch and an half broad". 

Hughes was clearly uncertain as to the true identity of the tree. He writes: 

"It is faid, that it bears, in its native Soil several long cylindrical Ears, not ill refembling 
a large Mold-candle, round which Stalk the Grains are difpofed; but as this never bore 
any, and as we have no authentic Writers mentioning the Growth of fuch a Tree in any 
Part of Africa, I much doubt of the real Existence of fuch an one: However, it may not 
be amifs to defcribe it." 

Hughes unfamiliarity with the baobab and his skepticism of what he had heard is un-
derstandable. Although there were increasing reports of the tree in Africa with the develop-
ment of European exploration, trade and colonization, the baobab was still not well known 
to Europeans in 1750 when Hughes published his book. Michel Adanson, the French bota-
nist f rom whom the baobab derives it generic name, encountered the tree while traveling in 
Senegal from 1749 to 1753. 

Table 1 A summary of baobab trees in Barbados 

Tree site Status Girth 
(m) 

Age 
(years) 

Flower Fruit Fruit used Shade 

1, Speightstown NS - - - - - -

2. Dunscombe US - - - - - -

3. Flower Forest TO 0.45 10± Ν Ν Ν Ν 

4, Warrens TO 14.04 257 Y Y Y Y 

5. Queen Park TO 18.30 250± Y 7 7 Y 

6. Fraser TO 0.72 20± Ν Ν Ν Ν 

7. Pavilion TO 2.30 5ft± Y 7 7 Y 

8. Buttais DT - - - - - -

9. Gov. Indust. School TO 3.50 60± Y Y Y 7 

10. Brathwai te l NS - - - - - -

11. Braithwaite Π NS - - - - - -

Key: - TO = Trees observed; DT = Dead trees; US = Unsuccessful Search; NS - Trees 
not seen; Y = yes; Ν = no; ? = uncertain; - = no information 
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Adanson was a student of Bernard de Jussieu, and it was Bernard de Jussieu's report of 
Adanson's findings that led Linnaeus to mention the tree in his Species Plantarum pub-
lished in 1753. In Senegal, Adanson knew the baobab as the calabash tree.This was how the 
tree was known to the French and the Portuguese in Africa, and the name points to the 
recognition of the gourd-like shell of the fruit as a useful container. Linneaus realized, 
however, that the tree was already known as the 'baobab' , an Arabic name mentioned by 
Alpini and Bauhin who were familiar with the medicinal use of the powdered fruit pulp 
which reached Europe through trade. 

Figure 1 Distribution and status of baobabs in Barbados. Numbers 1 - 1 1 identify all 
Barbadian baobabs past and present (See Table 1) 
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Despite his uncertainty as to the true identity of the Warren tree (which he referred to as 
the corn tree as earlier noted), it is fortunate that Hughes thought it worthy of description. In 
1830, just 80 years later, Maycock wrote: 

"There is certainly no tree in Barbados that bears for its fruit a "long cylindrical ear, not 
ill resembling a large mould-candle, round which stalk the grains (of corn) are dis-
posed," as stated by Hughes. From his general description, however, of the corn tree, 
and from his account of the period of its introduction into the island, I have little doubt 
of his meaning what is now generally termed the Baobab, or Monkies ' Bread Fruit 
Tree". 

Today, 257 years after Hughes's account, the Warren baobab is a magnificent tree which 
is 14.25 m in circumference measured at 90 cm from the ground. It was covered with green 
leaves when I saw it for the first time on 4 November. There were no flowers and the tree 
was laden with green fruits. 

The Warren baobab is now a cultural landmark in Barbados. Hoyos reports in 1982 
that: 

"Captain Maurice Hütt, a Council member of the Barbados National Trust . . . recom-
mended a list of areas of natural beauty and ecological importance and it is interesting 
to learn that he includes, among his suggestions, the preservation of this baobab tree". 

A sign has now been placed in front of the Warren baobab by the Barbados National 
Trust that gives a brief account of its history. 

THE QUEEN'S PARK BAOBAB 

Although the Warren baobab is the earliest reported in Barbados, it is not the biggest. 
This distinction belongs to the Queen's Park baobab which measured at 75 cm from the 
ground was 18 m in circumference. This tree was not mentioned in any of the 18th or 19th 
century accounts, a fact that is surprising since some were published well after the tree had 
become familiar to Europeans as evidenced by Maycock's description (1830) of the Warren 
baobab. 

The earliest reference to the Queen's Park tree was made in 1922 by an anonymous 
author in Hardwood Records who also noted (though it was 72 years ago) that "tree is now 
some 60 feet in circumference and appears very thrifty considering that there is an annual 
protracted dry season during which the leaves are shed and growth is at an apparent stand-
still". 

"Unfortunately," wrote the author, "very little is definitely known with reference to 
the history of this interesting tree. Nevertheless, he reports that: 

"The story is told by the oldest residents of Bridgetown that the tree was planted 
about 230 years ago and that a slave trader brought the young plant with him to 
Barbadoes, which was at that time a distributing point for slaves brought in from West 
Africa". 
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If there is any truth to the story - which it is impossible to say without corroboration -
the Queen's Park tree would have dated from 1692 making it 230 years old in 1922 and 302 
years old today - the oldest and most impressive baobab in Barbados and one of the very 
best specimens in the Caribbean. 

THE BUTTAL'S BAOBAB 

The Warren and Queen's Park baobabs are the best known in Barbados and are usually 
the only ones mentioned in published accounts. They are not, however, the only trees iden-
tified in early reports. In the mid-19 centuiy, Schomburgk (1848), following his description 
of the Queen's Park tree noted that there was "Another specimen, less in size,... at Buttal 's". 
Repeated enquiries and searches have failed to turn up any evidence that this tree has 
survived. 

THE GOVERNMENT INDUSTRIAL SCHOOL BAOBAB 

After I had finished measuring and photographing the Queen's Park baobab on Friday 
4 November it started to rain, so I took a taxi from the park to where I was staying. The 
driver was Jeffrey Hunt and he got my full attention when he accurately described the fruit 
and went on to note that people his age (which was 45) ate it. Jeffrey knew a lot about 
baobabs in Barbados. He said all the taxi drivers knew the tree, especially the one at Warren 
and the Queen's Park tree. I was surprised when he told me that "two to three times a week" 
he and other taxi drivers were asked by tourists who came on cruise ships to take them to the 
Queen's Park baobab. I asked Jeffrey if he knew of any other trees besides the Warren and 
Queen's Park baobabs and he said there was one that bore fruit at the Government Industrial 
School (GIS) near St Philip. 

I had a chance to see the GIS baobab on the afternoon of 5 November 1994. Some 9 m 
tall, it was 43.4 m in circumference measured at 90 cm from the ground, and is probably 
anywhere from 50 to 100 years old. 

THE BRAITHWAITEI AND BRAITHWAITE Π BAOBABS 

One of the individuals I interviewed at the GIS tree was Selvin Braithwaite. He knew 
nothing about baobabs in general but he was quite familiar with the GIS tree. He said the 
boys at the school called it the 'oak' or 'acorn' tree and that they ate the fruit. He also ate the 
fruit, and he said because he was curious about the tree, he planted some seeds and there 
were now two seedlings at his home. One was 60 cm tall and the other was only 15 cm tall 
because he had cut off the top. The 60-cm seedling is here identified as Braithwaite I and 
the other as Braithwaite II. 

THE PAVILION BAOBAB 

On Saturday 5 November , as I was returning to my hotel after visiting the GIS tree, 1 
spotted a small baobab that has never been reported on the old Pavilion grounds along Bay 
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Street. The pavilion is an important part of the architectural heritage of Barbados. It was 
originally built of red brick in 1806 by the same military engineers who constructed the 
barracks around Garrison Savannah (Hoyos, 1982), and it served as the residence of the 
Medical Officer to the General Hospital for the Garrison. The hospital buildings that were 
part of the Pavilion complex have now been converted into apartments known as Pavilion 
Court (Fraser et al., 1990). 

The baobab, which was at the northern part of the grounds, was 2.3 m in circumference 
measured at 60 cm from the ground. It was a beautiful, healthy tree in full leaf that was 
growing tall and slender because it is crowded on all sides by other trees which included a 
frangipani (Plumeria rubra L.) to the north-west, a flamboyant (Delonix regia (Boj. ex Hook.) 
Raf.) to the north and a black willow (Capparis) to the south-west. There were no branches 
on the north-west side because of the large flamboyant. This is a small but mature baobab. 
Though there were no flowers or fruits on the tree, I did collect six tiny fruits still attached 
to the flower/fruit stalk that had fallen from the tree. 

THE FRASER BAOBAB 

Henry Fraser is a well-known Barbadian physician and scholar who is actively 
involved in the Barbados National Trust. We first met at a reception for a group of 
Charleston, South Carolina, visitors who were on a trip sponsored by the Charleston 
Museum to explore the historic links between Charleston ahd Barbados. He was quite 
familiar with an article I had published on baobab trees in Jamaica (Rashford, 1987a), and 
during the course of our conversation, he told me of a small tree he had planted at his home 
in Bridgetown. He gave me an enjoyable and informative tour of Bridgetown on the after-
noon of Sunday, 6 November, and I had a chance to learn much about the architectural 
history of the city and to see some of the excellent restoration that had been done by the 
Barbados National Trust. 

We ended the afternoon at his home where I had a chance to see the Fraser Baobab. It 
was a beautiful, vigorous tree that was 74 cm in circumference measured at 37.5 cm from 
the ground. 

THE FLOWER FOREST BAOBAB 

On Friday 4 November , the second day of my 1994 visit to Barbados, my colleague 
Anne Bynoe told me of a young tree at Flower Forest, a beautiful garden on what used to be 
Richmond Plantation in the hills of St Joseph. I had also read about this tree in The Ins and 
Outs of Barbados, an in-room guide 'recommended' by the Barbados Hotel Association 
and 'endorsed' by the Barbados Tourism Authority "At the geographical centre of the Flower 
Forest," wrote the authors Keith and Sally Miller, "can be found a young Baobab tree -
planted there in recognition of the African tradition of having such a tree in the centre of 
every village". I visited Flower Forest on Monday 7 November and was impressed by its 
panoramic view overlooking the east coast of Barbados. The Flower Forest baobab was a 

5 6 



beautiful small tree some 2.4 to 2.7 m tall and covered with lush green leaves. It was 45 cm 
in circumference measured at 23 cm from the ground. 

THE SPEIGHTSTOWN BAOBAB 

In 1987,1 gave a talk on baobabs in the Caribbean at the annual meeting of the Carib-
bean Food Crops Society in Port of Spain, Trinidad. After the talk, I met Huston Holder 
who at the time was working with the Cooperative Extension Service of the University of 
the Virgin Islands in St Croix. He told me of a baobab at Speightstown and since he knows 
the tree well I have no reason to doubt its existence. In 19941 made an effort to locate this 
tree but was unsuccessful. 

THE DUNSCOMBE BAOBAB 

I also learned of a baobab tree at Dunscombe from Horatio Maynard who I interviewed 
in 1994. Dr Klaus De Albuquerque and I tried to locate it but we were unsuccessful. 

USES OF THE AFRICAN BAOBAB IN BARBADOS 

We have seen that the baobab is indeed a rare tree in Barbados which explains its 
unfamiliarity to many Barbadians. It clearly does not rank among the island's most impor-
tant practical and inspirational trees. This is in stark contrast to its native Africa where the 
tree as a whole and its various parts especially the shell, pulp and seeds of the fruit and the 
flower, bark, hollow trunk and leaves - have been put to a variety of uses (Dalziel, 1937; 
Owen, 1968,1970; Wickens, 1982). 

Shade 

The intensity of the tropical sun makes shade more than a matter of mere comfort. It is 
a necessity. The baobab is valued for its shade in Barbados as it is elsewhere in the Carib-
bean, India and in its native Africa (Rashford, 1987b). This is particularly true of the Queen's 
Park and Warren baobab. The Queen's Park tree, growing as it is in one of the most well 
known public places of rest, recreation and celebration in Bridgetown, is ideally situated as 
a shade tree. The area surrounding the Queen's Park tree has been fenced in as it is now the 
site of a children's playground. The Warren tree is also ideally suited as a shade tree as it 
grows along the side of one of the island's much travelled roads. 

1 The 'practical' use of trees includes food as well as such things as wood, fuel and medi-
cine. The 'inspirational' use includes the appreciation of such things as its beauty, historical 
significance and religious value. 
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Food 

In Africa, the baobab's fruit, with its shell, pulp and seeds, is one of the most useful 
parts of the tree because it is produced in abundance and is useful in many ways. That 
Barbadians eat the baobab's fruit is an important use of the tree that, surprisingly enough, 
has never been reported in scholarly or popular publications. 

Because the fruit of the baobab and the tamarind (Tamarittdus itidica L.) have remark-
ably similar taste, many African, Indian and Caribbean common names for the baobab indi-
cate that it is viewed as a kind of tamarind. 'Monkey tamarind' is the earliest identified 
tamarind name for the baobab in the Caribbean and it seems to be of Caribbean origin 
(Rashford, 1994). Unlike the names 'baobab' , 'Ethiopian sour gourd' and 'monkey bread', 
'monkey tamarind' does not appear in any of the standard English dictionaries or in the 
most familiar sources of information on baobabs in the Caribbean (e.g. Edwards, 1794; 
Lunan, 1814; Macfadyen, 1850; Adams, 1972). 

Nevertheless, 'monkey tamarind' has been reported in Jamaica (Rock, 1861) and is 
still current. In 1970, Alex Hawkes visited the oldest and most impressive baobab in Ja-
maica which grows in Kingston at the Convent of Mercy Academy, also know as Alpha 
Girls School. And he wrote about it in his widely-read newspaper column in the Jamaica 
Daily Gleaner. He described it as "an absolutely magnificent huge tree" noting that it "is 
known by the students fondly as monkey tamarind". Hawkes says this was his first encoun-
ter with this name, which is still in use among the students today. In 1977 in the first edition 
of Hibiscus, the Alpha Academy newspaper, a student,.Vanessa Soarez, wrote an article 
titled 'Monkey tamarind tree' (1977) in which she offered a description of the tree and her 
impressions of its significance to every Alpha girl The name monkey tamarind has also 
been reported for the Bahamas (Ives, 1880), and Dominica (Gerth Van Wijk, 1971 ). 

Ives (1880) describes a tree in the Bahamas that he identified as Jamaican tamarind and 
noted that it was "sometimes" called monkey tamarind. Although Ives did not offer a scien-
tific name, the vernacular names and description he used identify the tree as a baobab -
probably introduced to the Bahamas from Jamaica as suggested by the name Jamaican 
tamarind. In St Croix and St Eustatius it is called Guinea tamarind (Some Crucians also 
know the tree as Guinea almond because they eat the seeds which taste like the tropical 
almond,Terminalia catappa L.). Two of the three common names for the baobab in Barba-
dos are consistent with the above. The tree is called sweet tamarind because the baobab's 
fruit is not as sour as that of the tamarind, and flour tamarind because the dry pulp has the 
appearance of flour. We have seen that the GIS baobab is called acorn or oak by the students 
and by those who live in close proximity to the tree. All the individuals interviewed in 
association with the GIS tree were unfamiliar with other Barbadian baobabs. 

Flower 

Some 24 hours after blooming, the baobab sheds the petals along with the staminal 
tube to which they are attached. The calyx, however, remains a part of the long fruit-stalk. 
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It sometimes happens (and more so with some trees than with others) that the tree sheds not 
only the corolla and the staminal tube, but the entire stalk with its tiny fruit. Some Antiguan 
and Barbadian women collect these for floral arrangements. It bears a very striking resem-
blance to a flower and the long, stiff stalk makes it ideal for various arrangements. 

CONCLUSION 

This account of the baobab in Barbados is offered in response to the expressed need for 
more information about the distribution, history and use of this species in the Caribbean and 
in the neotropics generally. This information is especially appropriate today since the Queens 
Park and the Warren baobabs are increasingly featured in tourist publications. It is also the 
author's hope that the discussion of this species at conferences and in Caribbean scholarly 
and popular literature will lead to a more systematic effort to cultivate it throughout the 
region. 

NOTE 

In this paper, the local names for individual baobab trees are accepted when they exis t 
Otherwise, Barbadian baobabs are named for their location or for the individual with whom 
they are associated. 
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THE PHENOLOGICAL BEHAVIOUR OF FRUIT CROPS 
IN BARBADOS 

Stevenson Ε Skeete 

Ministry of Agriculture and Rural Development, Graeme Hall, Christ Church, Barbados. 

ABSTRACT 

Over a 10-year period (1984-1994), observations were made on the phenological 
changes occurring in fruit trees/crops. In an orchard at Codrington Agricultural Station, 
internationally important cultivars of mango (Mangi fera indica), citrus (Citrus spp.), avo-
cado (Persea americana) and carambola (Averrhoa carambola) were monitored. Other spe-
cies were observed at various locations. Information on flowering and fruit production trends 
is presented. The period of February to April was a strong flowering peak for species that 
exhibit synchronous rhythmic bearing habits, although a weaker peak often occurred in the 
October to November period. July to October was a strong peak, period for fruit maturation 
when all species were taken into account. A particular group of species had fruiting peaks 
only in the May to July period. Some species had two fruiting peaks; one occurring around 
May to July and a second around October to January. The observed variations in annual 
growth and production rhythms among and within species seem to be sufficiently distinct 
as to require different management strategies (including spatial arrangement). The pheno-
logical patterns of the species/cultivars are discussed in relation to orchard management 
approaches in the Barbados environment. 

INTRODUCTION 

During the last decade more than 200 ha of fruit crops have been planted in Barbados. 
Productivity of these orchards has been highly variable. One of the biggest limitations to 
production might be lack of an understanding of the requirements of fruit crops. The more 
recent rush towards export-oriented production has spurred increased efforts to produce 
many crops, including the 'new-wave' exotics such as golden apple. The requirements of 
these crops are even less understood. The quality, productivity and profitability of such 
ventures depend, in the final analysis, on the ability of growers to manage moisture and 
fertility. Water management has been characterized by a two-pronged problem. On one 
hand, most orchards are rainfed; on the other haiid there has been a tendency towards over-
enthusiastic irrigation where the facility exists. 

The typical cause and effect research that is done for vegetable crops is inadequate for 
fruit crops. For branched species (most fruit crops) it has been recognized that productivity 
depends on complex interactions occurring in a physiological system (Cull, 1986). The 
phenological cycle describes a resultant morphological development pattern of the plant 
and is seen as a more sound basis for management of fruit crops (Cull, 1986). Cull (1986) 
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noted that phenological patterns are influenced by species, cultivar, environment and man-
agement. Tropica] tree crops have been classified on the basis of branching habit and growth 
rhythm as outlined in Table 1 (Verheij, 1986). Nearly all branched species fall in subclass 
2.2. of the classification (Verheij, 1986). For those trees that experience a temporal separa-
tion of vegetative growth and floral development, the growth rhythm may be synchronous 
or asynchronous (Verheij, 1986; see Table 1 for a description of rhythm patterns). 

This research work was conducted as a contribution to an area where very little infor-
mation has been documented. Using the concepts of previous authors, floral and fruit matu-
ration trends were analyzed. It should, however, be noted that the other phases of the cycle 
(flushing, root growth etc.) are also important 'productivity determinants' (Cull, 1986) in 
the system. 

Table 1, The Verheij classification 

1 Single-stemmed species 
1.1 Continuous growth, concurrent with floral development (papaya) 
1.2 Continuous growth culminating in flowering 

a. largely supported by current photosynthesis (banana)) 
b. largely supported by accumulated reserves ( bamboo) 

2 Branched species 
2.1 Floral development concurs with extension growth (passion fruit) 
2.2 Extension growth and floral development separated 

2.2.1 Accordingtoloci (cacao) 
2.2.2 In time: 

a. Growth rhythm asynchronous, branches or sectors of individual trees 
change phase in their own time (soursop) 
b. Growth rhythm synchronous. entire population change phases simul-
taneously (mango) (includes some deciduous species [mombin]) 

METHODS 

Blocks of grafted mango, avocado and citrus cultivars were established at Codrington 
Agricultural station in St Michael, Barbados in 1986. The carambola cultivars were planted 
in 1988, The blocks consisted of eight trees of each of the cultivars. Cultivars are listed in 
Figures 1 and 2; scientific names of all species are listed in Table 2. The trees were rainfed 
in most of the years except 1990 and 1991 when trees were given supplementary irrigation. 
Cultivars were observed over a 6-year period (1987-1992). Weekly, recordings were made 
with respect to the growth rhythm for each of the cultivars, i.e. flushing, blossoming, fruit 
set, fruit growth, maturity, ripening and rest. Results are compiled in Figures 1 and 2 for 
flowering patterns and seasonality of fruiting only. The 'tendency to flower or have mature 
fruit ' for each species was calculated by an arbitrary formula: percentage number of culti-
vars in the phase χ the percentage number of observations when the phase occurred. This 
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Table 2 Classification, growth rhythms, and best climate as outlined by Verheij 

Crop Botanical name Classifications Growth Best 
rhythm climate 

Mandarin Cifruj reticulata Blanco 2,2.2.b sync seasonal 
Tangerine C. reticulata Blanco 2.2.2.b sync seasonal 
Tangelo C. reticulata χ C. paradisi 2.2.2. b sync seasonal 
Orange C. sinensis (L.) Osbeck 2.2.2.b sync seasonal 
Grapefruit C. paradisi Macf. 2.2.2.b sync seasonal 
Lime C. aurantifolia (Christm.) Swing. 2.2.2.b sync seasonal** 
Avocado Perseaamericana Mill. 2.2.2.b sync seasonal 
Mango Mangifera indica L. 2.2.2.b sync seasonal 
Cashew Anacardium occidentale L. 2.2.2.b sync seasonal 
Plum (Jamaica/Red Spondias purpurea L 2.2.2.b sync seasonal. 
mombin) 
Plum (Chile) Spondias purpurea forma lutes 

Fawc. & Rendle 2.2.2.b sync seasonal 
Plum (hog) Spondias mombin L. 2.2.2.b sync seasonal 
Golden apple* Spondias cytherea Sonn. 2.2.2.b sync seasonal 
Tamarind Tamarindus indica L. 2.2.2.b sync seasonal 
Genip* Melicoccus bijugatus Jacq. 2.2.2.b sync seasonal 
Soursop Annona muricata L. 2.2.2.a async seasonal 
Sea grape * Coccoloba uvifera (L.) L. sync? seasonal? 

Carambola* Averrhoa carambola L. 2.2.2.a async non-seasonal 

Guava Psidium guajava L. 2.2.2.a async non-seasonal 

Barbados cherry* Malpighia emarginata 22.2ά sync seasonal** 

Dunks* Ziziphus mauritiana Lam. 2.1 ? contin non-seasonal? 

Passionfruit Passiflora edulis Sims 2.1 contin non-seasonal 

Breadfruit Artocarpus altilis (Park.) Fosberg 2.1 contin non-seasonal 

Gooseberry* Phyllantus acidus (L.) Skeels 2.2. La contin non-seasonal 

Pineapple Ananas comosus (L.) Merr. 1.2.a contin non-seasonal 

Banana M usa spp. 1.2.a contin non-seasonal 

Coconut Cocos nucifera L. 1.1 contin non-seasonal 

Papaya (pawpaw) Carica papaya L. 1.1. contin non-seasonal 

* = input of author; sync = synchronous; contin = continuous; decid = deciduous; 
** = special cycle 
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was plotted on a graph as an 'incidence score' for some citrus species, mango and avocado. 
Other species (individual trees) were observed monthly at various locations. Formal data 
collection was done during 1984-87 and 1992-94. The trees were rainfed. 
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Figure 1 Flowering and fruit maturation periods of mango and citrus species/cultivars 



RESULTS 

Mango, avocado, citrus spp. and carambola 

Peak flowering periods and inter-specific variation 

Flowering activity peaked during February to April for citrus, avocado and mango 
(Figure 3). In some years, citrus and mango began flowering activity as early as November/ 
December. Carambola trees had a tendency to flower at the latter time as well. The period 
April to July, however, was a stronger peak for carambola. A weak tendency toward flower-
ing activity was recorded in July/August for limes and fewer synchronous cultivars of citrus 
and mango. This occurred in the latter two crops only in a year when irrigation was applied. 
Avocado flowering was noticeably limited to February to April (except one cultivar). 

Figure2 Flowering and fruit maturation periods of avocado and carambola cultivars, and 
other species 
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Figure 3 Comparison of the annual trend in (lowering and fruit maturation ( some citrus, 
mango, avocado) with rainfall pattern 
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Intra-specific variations in flowering activity 

Citrus: the peaks of different cultivars of the citrus species displayed slight variations 
from the March peak (Figure 1 ). The magnitude was as much as ± 1 month. 

Avocado: one noticeable variation was the flowering of 'Pollock' which sometimes 
occurred in December of the previous year (Figure 2). 'Booth Τ and 'Booth 8* were slightly 
later than the other cultivars. 

Mango: 'Kent' and 'Palmer' were noticeably restricted to February-April; these culti-
vars responded extremely weakly in the November peak period (Figure I). 'Julie', 'Impe-
rial' and 'Perelouis' were inclined to flower throughout the year. 'Irwin' and 'Ceylon' were 
very similar to each other in flowering activity. 

Carambola: 'Fwangtung' and 'Maha' had a tendency to flower throughout the year 
(Figure 2). 'Thayer ' and ' H e w l ' had a similar pattern but were more restricted to the 
latter part of the year. 'Arkin' and 'BIO' were more inclined to flower in the April to July 
period. 

Peak fruit maturation and inter-specific variation: 

Fruit maturation activity was at a peak between August and October when all species 
were considered (Figure 3), May to July and January/February were respectively weaker 
peak times. In general, February to April is a time when fruit maturation activity is very 
low. Avocado and citrus maturation seasons were within the July to February period. Mango 
maturation was limited mainly to the period of April to September. Carambola fruit matura-
tion peaked from July to September and November to January. A weaker peak was some-
times seen for some citrus species in the April to June period. Limes tended to have mature 
fruit for the greater part of the year (mainly wetter part). 

Intra-specific variations in fruit maturation activity. 

Citrus: cultivar variations were not very distinct although variations can be seen on the 
chart in Figure 1. 

Avocado: 'Wilson Popenoe' and 'Pollock' were very early in maturation. 'Semi! 34*, 
'Booth 7 ' , 'Booth 8' and 'Lula' were late types compared with others. 

Mango: in terms of the main peak, 'Palmer' and 'Kent' were late maturing and could 
extend to September. 

Carambola: 'Fwangtung', 'Maha' and 'Hew Γ tended towards all year fruit matura-
tion. 'BIO' , 'Arkin' and 'Thayer* were more inclined towards two annual maturation 
peaks. 
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Other species 

Flowering activity 

February to April was a peak period for this phenophase in terms of the number of 
synchronous species that tended to be flowering (cashew, genip) (Figure 2). Another peak 
was noted in May to July for specific crops such as soursop, sea grapes, etc. September was 
a relatively low period but there was another weak peak in October/November. Variations 
in the flowering range for most species were largely due to the differing microclimates. 
Soursop or guava trees, for example, in wet locations often blossomed throughout the year. 
Continuous species such as breadfruit and gooseberry etc. were seen to flower throughout 
the year. 

Fruit maturation activity 

The fruit maturation season was mainly from May to December. Discernable peaks in 
activity were seen in June and September. Normally asynchronous crops, e.g. soursop, and 
quick maturing crops such as Jamaica plum, had the tendency to mature fruit in the May to 
July season. Dunks and the Annonacae had a tendency towards developing and maturing 
fruit in the wetter part of the year (maturity often occurring in the following year, depending 
on duration of fruit development). For continuous bearing spp. (e.g. gooseberry) the fruit 
maturation activity was related to the rainfall pattern. In wet microclimates these species 
produced fruit all year. Papaya fruit maturation was limited to a 3 to 6-month period before 
the crop declined due to the 'bunchy top' condition. The overall phenology of papaya emu-
lated an annual, rather than perennial, crop cycle. 

DISCUSSION 

Analysis of the behaviour on the basis of current phenology concepts. 

The results of this study concur with the suggestion of Verheij (1986) that there is not a 
very sharp distinction between synchronous and asynchronous growth rhythms. Normally 
synchronous species like mango were seen to revert to asynchronous flowering rhythms in 
years when irrigation was applied. In reverse, species like soursop developed pseudo-syn-
chronous rhythms when grown in dry rainfed areas. Barbados cherry in particular seems to 
defy any attempt for classification. This species normally displays an asynchronous rhythm 
but actually does best in a highly seasonal climate. The unique phenological cycle can be 
precisely synchronized by moisture manipulation (author's observations; Michelini and 
Chinnery, 1988). Observation of Barbados cherry trees gives the impression that it is a 
highly synchronous crop growing in a non-aligned climatic cycle. In the rainfed situation 
flowering is intense after rainfall occurs in the dry season but there is no further moisture to 
sustain fruit development; in the latter part of the wet season vegetative growth is vigorous 
at the expense of flowering. 

The final phenological behaviour for any fruit crop is determined by genotype as well 
as climatic and management factors (Cull, 1986; Verheij, 1986). In this investigation the 
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influence of genotype is clearly seen in the differences among mango, avocado and carambola 
cultivars observed in the same climatic environment (Figures 1 and 2 ). Avocado trees in 
particular seemed to have a strong endogenous mechanism controlling the phenological 
cycle. 

In the rainfed situation under which most of the observations were made, the climatic 
cycle (dominated by rainfall) seems strongly to influence the timing of the floral phenophase. 
Nearly all synchronous species had a peak of flowering activity in the February to April 
period. The flowering incidence curve (Figure 3 ) had an inverse relationship to the annual 
average rainfall curve. Other authors have reported the tendency for many tree species to 
enter the reproductive phase in the dry season (Janzen, 1967; Huxley and van Eck, 1974; 
cited by Verheij, 1986). Rainfall also seemed to influence the blossoming activity of asyn-
chronous species. This is more likely due to its influence on the state of vigour, than as a 
'triggering* process per se. Such species are dependent on an endogenously controlled cycle 
that works best when the climate is non-seasonal (Verheij, 1986). 

The range of flowering incidence (for individual species) that occurs on the charts is 
also a result of annual and geographical variations in rainfall. Soil moisture (fertility) trends 
also seem ultimately to influence the timing of fruit production peaks. Thus, heavy flower-
ing peaks do not imply subsequent maturation peaks for some species. For dunks and Bar-
bados cherry for example, although flowering was prolific in drier parts of the year, fruit set 
did not always take place. Presumably such species must reach a given physiological state 
before fruit set can be successful. Such a state would be influenced by pre-existing moisture 
and fertility. Sometimes the influence of rainfall is more related to its effect on pollinators 
and on fruit rot diseases (e.g. mango). Sometimes fruit set occurred but the fruit later aborted 
(cherry, mango, carambola, avocado, citrus). These observations emphasize the notion that 
productivity in branched species is determined by complex physiological reactions (Cull, 
1986). 

In all species the duration and intensity o f f ra i t development activity seemed to further 
influence the actual phenological rhythm that occurs. Synchronous species tended not to 
produce blossoms when fruit development peaks were occurring (Figure 3 ). The fruiting 
cycle of 'Booth 7' avocado trees, for example, seemed to be almost too long for the annual 
climatic cycle. Similarly, the annual peaks observed for guava (Figure 2) might be a result 
of the domination of a heavy load of fruit. In the latter situation, vegetative (and floral 
activity) did not occur even after heavy rainfall. 
Implications for management of fruit crops. 

Results of the study suggest that rainfed production perpetuates a fruit availability peak 
from August to October (and other preset peaks for some species). While this may be a 
productive pattern, it does not necessarily lead to the best profitability for growers. There 
are limitations in a grower's ability to meet marketing 'windows* on local and export mar-
kets. 

7 0 



There is an indication that some species and cultivars are open to manipulation. Citrus 
(limes in particular), mango and cherry seem particularly amenable to strategic use of irri-
gation in medium to dry locations. The flexible species/cultivars have the potential for 
increasing profitability of production. A grower must however be mindful of the crop pro-
tection and other measures that may be required to preserve the quality of off-season pro-
duction for some species. The economic feasibility of water use must also be considered. 
The suggestion that fruit crops should be zoned in high rainfall areas is appropriate only for 
some species (continuous and asynchronous mainly). Some synchronous species in high 
rainfall zones are either non-productive, e.g. mango (Alvim and Kozlowski, 1977), or are 
non-profitable (limes). Avocado is unique in that different cultivars can be combined in a 
high rainfall zone to achieve good productivity and profitability. Table 3 provides more 
details on the approach to managing the water requirements of the range of species. 

The results suggest that in commercial orchards there should be at least lines of culti-
vars if not pure stands of some cultivars. This would be especially critical for export ori-
ented ventures. The differences in the phenology of some species/cultivars, make erratic 
mixed stands seem inappropriate for proper water and fertility management. In compro-
mised situations some groups of species (e.g. citrus-mango-avocado) may be grown to-
gether. This has been done for many years in the orchards that characterize the landscape of 
most sugar estate houses. 

The phenology charts presented in this document may be useful to growers in planning 
crop protection and irrigation programmes. Water management is best done on the basis of 
the growth rhythm. Continuous and asynchronous crops should be zoned in high rainfall 
areas', if possible, or supplemented in medium rainfall areas. For synchronous crops the aim 
is to allow a distinct dry season to facilitate flowering (which may even involve covering 
root zone), but, any dry spells in the wet season have to be nullified by irrigation. It has been 
already noted that some synchronous species/cultivars require strategic timing of irrigation 
for best production. Table 3 provides further information for individual crops. The informa-
tion should also be useful for plant propagators. 
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Table 3 Suggested approaches to water management for various crops on basis of growth 
rhythms and considering profitability 

Crop Water management approach (considering profitability) 

Manadarin HRZ or (LRZ with strategic irrigation) 
Tangarine HRZ or (LRZ with strategic irrigation) 
Tan gel ο HRZ or (LRZ with strategic irrigation) 
Orange HRZ or (LRZ with strategic irrigation) 
Grapefruit HRZ or (LRZ with strategic irrigation) 
Lime (LRZ with strategic irrigation) or HRZ 
Avocado HRZ or (MRZ with supplemental irrigation) (irrigation combination) 
Mango MRZ to LRZ with supplemental/startegic irrigation 
Cashew MRZ to LRZ (drainage critical) 
Plum (Jamaica) MRZ to LRZ (distinct dry period at flowering/fruiting) 
Plum (Chili) MRZ to LRZ (distinct dry period at flowering/fruiting) 
Plum (hog) HRZ to LRZ 
Golden apple HRZ to LRZ 
Tamarind HRZ to LRZ 
Genip MRZ to LRZ? 
Soursop HRZ to MRZ 
Sea grape HRZ to MRZ? or seaside 
Carambola HRZ to MRZ or (LRZ with strategic irrigation) 
Guava HRZ to MRZ or (LRZ with strategic irrigation) 
Barbados cherry MRZ or (LRZ with strategic irrigation/special cycle) 
Dunks LRZ with strategic irrigation 
Passion fruit MRZ or (LRZ with supplemental irrigation) [disease in HRZ] 
Breadfruit HRZ to MRZ or (LRZ with supplemental irrigation) 
Gooseberry HRZ to LRZ 
Pineapple HRZ or (MRZ to LRZ with supplemental irrigation) 
Banana HRZ or (MRZ with supplemental irrigation) 
Coconut HRZ or seaside 
Papaya/pawpaw HRZ or (MRZ with supplemental irrigation) 

H R Z = high, MRZ = medium, LRZ = low rainfall zone; strategic irrigation = water applied 
with specific timing; supplemental irrigation = water applied to supplement annual rainfall 

To be of full research value phenology data have to be taken in conjunction with me-
teorological data. However, scientific analysis of the influence of climatic variables on 
phenophases is not done by typical empirical correlations (Lieth, 1974). In this study, there-
fore, only simple comparison of phenophases with the general rainfall pattern was made. 
Because of the influence and unreliability of rainfall patterns, it seems that further research 
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should be aimed at a deeper analysis of the interrelation of climate and phenological changes. 
Strategic irrigation approaches would benefit tremendously from the prediction models that 
could be developed. 

The challenge for future research is seen as having two frontiers. The first, and perhaps 
easiest, is to understand the annual requirements of different genotypes so that the mini-
mum of inputs (especially water) can be used. The second facet involves mastering the 
manipulation of crop and environment in order to programme' production of responsive 
crops. In a world where competition is already strong, and becoming more open, the suc-
cess of local growers will depend on if or how these frontiers are negotiated. 
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ABSTRACT 

Samples from 95 papaya plants with symptoms of papaya bunchy top (PBT) were 
obtained with the aid of local cooperators from 12 countries throughout the American trop-
ics. The samples were examined by polymerase chain reaction (PCR) for the presence of 
16S rRNA genes of mycoplasma-like organisms, but none were found. No differences were 
detectable by PCR between PBT-affected papaya DNA samples and samples from healthy 
plants. Abnormal fluorescence was consistently observed by epi fluoresce nee microscopy 
in the region between the xylem and phloem in transverse sections of PBT-affected petioles 
when stained by 4',6-diamidino-2-phenylindole2HCl (DAPI) or acridine orange. Bacteria 
were found in the region by transmission electron microscopy and observed in expressed 
sap by light microscopy. The bacteria were associated with PBT-affected, but not with healthy, 
papaya plants. The bacteria measured 0.25-0.35 μηι in width and 0.8-1.6 Km in length and 
had a Gram-negative type cell envelope. All attempts to isolate the bacterium in axenic 
culture have failed. 

INTRODUCTION 

Papaya (Carica papaya L.) is native to the American tropics but is now cultivated 
widely throughout the tropical and subtropical areas of the world for both local consump-
tion and export of fruit, and to a lesser extent for production of papain. Papaya bunchy top 
(PBT) is one of the most economically important diseases of papaya in the American trop-
ics (Davis, 1994). Diagnosis of PBT has relied exclusively on symptomotology and, there-
fore, has been presumptive. Presently, papaya diseases resembling PBT are known to occur 
on numerous Caribbean islands from Grand Bahama southward to Trinidad and in Central 
and South America. 

Although a viral etiology was first suspected (Bird and Adsuar, 1952; Cook, 1931), a 
mycoplasmalike organism (MLO) was later reported to be associated with PBT (Story and 
Halliwell, 1969). Bodies resembling MLOs were observed by transmission electron mi-
croscopy in the phloem of PBT-affected papaya plants, and infected plants treated with 
tetracycline-type antibiotics exhibited a remission of symptoms. 

In an effort to develop more specific means to diagnose PBT, numerous attempts were 
made to isolate and clone DNA of the putative PBT MLO (M. J. Davis and N. A. Harrison, 
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unpublished). However, all attempts failed. Recently, Deng and Hiruki (1991) described 
the application of polymerase chain reaction (PCR) technology to detect the 16S rRNA of 
MLOs and other Mollicutes. We applied this technology to survey papaya plants with PBT 
symptoms from different locations in the American tropics for the presence of MLOs but 
none were detected. These results led us to question the role of a M L O in the etiology of 
PBT. Further investigation Ted to the discovery of a fastidious bacterium associated with 
PBT. The results of this study are reported herein. 

METHODS 

Papaya petiole samples, mostly from plants with typical PBT symptoms, were col-
lected from commercial and experimental orchards in Puerto Rico. Samples from papaya 
plants with PBT symptoms were also obtained from different countries throughout the 
American tropics with the aid of cooperators (Table 1). Petioles from plants in Florida 
where PBT is not known to exist were used as PBT-free controls. Samples from Puerto Rico 
and Florida were either processed while fresh, stored at -80 °C, or cut into 1—2 cm segments 
and preserved in an aqueous solution of 5% sodium borate (Sinclair et al., 1992) until use. 
Petiole samples from other locations were received as segments in 5% borate solution. 

Table 1. Origin of petiole samples from papaya plants with foliar symptoms of bunchy top 
disease of which all tested negative by PCR for mycoplasmalke organisms and the number 
of samples testing positive by epifluorescence microscopy for fluorescence associated with 
the disease. 

Country No. of 
samples 

No. with 
disease-associated 
fluorescence 

Contributor 

Antigua 7 1 N. Roberts-Samuel 
Barbados 4 2 M. Phillips 
Belize 4 3 J. Link 
Costa Rica 5 5 F. Elango 
Dominican Republic 4 3 J. Borbon 
Dominica 4 3 U. Martin 
Ecuador 4 0 R. McMillan, Ir. 
Grenada 4 2 C. Persad 
Puerto Rico 44 42 (this study) 
Saint Lucia 4 3 Henry 
Saint Lucia 3 3 E. Ambrose 
Saint Vincent 4 2 F. Gynsam 
Venezuela 4 1 F. Leal 

Total 95 70 
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A strain of the eastern aster yellows MLO provided by L. N. Chiykowski was main-
tained in periwinkle (Catharanthus roseus (L.) G. Don). MLO-infected and healthy peri-
winkle were grown in a greenhouse. 

Total nucleic acids were extracted from healthy and infected plant material using a 
method modified from that of Saghai-Maroof et al. (1984). DNA from periwinkle infected 
with the MLOs causing eastern aster yellows, western aster yellows and western-X disease, 
and from coconut palm infected with the MLO causing palm lethal yellowing were pro-
vided by N. A. Harrison. DNA concentrations in solution were measured by spectroscopy, 
and aliquots of the solutions were diluted to a working concentration of 25 ng/μΐ and stored 
at 4 °C. 

The PI and P6 primers of Deng and Hiruki (1991) were used. These primers enable 
PCR amplification of an approximately l ,500bp DNA fragment within the 16S rRNA gene 
of all Mollicutes. For all PCR amplification experiments, one or more DNA extracts from 
plants infected with known MLOs were used as positive controls. Distilled deionized water 
was used as a negative control. 

All PCR was performed in a Coy ThermoCycler II Model 110s with the in sample 
probe. A standard 50 μΐ reaction mixture (20 mM TRIS pH 8.3, 1.5 mM MgCl2, 25 mM 
KCl, 0.01% DIFCO Gelatin, 0.05% Tween 20, 1 ng/μΐ each of primer and template DNA) 
in 0.6-mL tubes was used for all amplifications. Each reaction mixture was overlaid with 
one drop of mineral oil. The temperature cycling schedule was 90 sec predenaturation at 95 
°C, followed by 35 cycles of: 30 sec at 94 °C, 50 sec at 58 °C, 80 sec for extension at 72 °C. 
The reaction products were held at 4 °C after cycling. 

Amplification products were separated by horizontal agarose gel electrophoresis. Fif-
teen to twenty microlitres of reaction mix combined with 1/6 volume of tracking dye/load-
ing buffer were loaded per well of a 1 % agarose gel, and electrophoresis was carried out in 
TAE buffer (40 mM TRIS-acetate, 1 mM EDTA, pH 7.8). Afterwards, the gel was stained 
with 0.5 μg/mL of aqueous ethidium bromide for 10-15 min, washed in water for 30-60 
min and then photographed with UV illumination through UV blocking filters. Hind ΙΠ/ 
EcoR I digested lambda DNA fragments were used as molecular weight markers. 

Free-hand cross-sections (50-100 μπι thick) were cut from petiole segments of papaya 
preserved in borate solution. Sections were flooded with an aqueous solution of DAPI (4',6-
diamidino-2-phenylindole 2HC1; Sigma Chemical Co., St. Louis, MO) at 0.4 μg/mL: (Sinclair 
et al., 1989) for 30-45 min or acridine orange (Fisher Scientific, Fair Lawn, NJ) at 0.2 mg/ 
LI (Davis, 1985) for 3 min, rinsed with water, and mounted on microscope slides in 50% 
aqueous Karo white corn syrup. Sections were examined with an Olympus BHA micro-
scope fitted with a BH-RFL epifluorescence illuminator (100-watt mercury lamp). For sec-
tions stained with DAPI, a UG-1 excitor filter (ultraviolet light; peak transmission at 360nm), 
DM-400 + L-410 dichroic mirror, and a L-435 barrier filter were used. For acridine orange 
stained sections, a BG-12 excitor filter (blue light; peak transmission at 420 nm), DM-500 
+ 0 - 5 1 5 dichroic mirror, and 0 - 5 3 0 barrier filter were used. 
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Sap was expressed with pliers from freshly cut transverse surfaces near the base of 
petioles, mixed with an equal volume of acridine orange or DAPI staining solution, incu-
bated in the dark for 3 min for acridine orange or 30 min for DAPI, and examined as wet 
mounts by epifluorescence microscopy at Ι,ΟΟΟχ magnification. 

Papaya petioles from two plants in Puerto Rico and one plant in Costa Rica with typical 
symptoms of PBT and from one healthy plant in Florida were examined by transmission 
electron microscopy. Samples were processed and examined essentially as described by 
Norris and McCoy (1983). 

Petioles from symptomatic leaves were surface disinfested by dipping in 95% ethanol, 
submerging in 0.5% sodium hypochlorite for 5 min, and rinsing three times with sterile 
deionized water. The petioles were then homogenized in a sterile blender jar for 30 sec 
with 4 volumes (w/v) of filter-sterilized (0.2 μιη-pore size) 0.01 M potassium phosphate 
buffer, pH 6.9, containing 5% Trypticase peptone (BBL). The homogenate was filtered 
through four layers of cheesecloth and centrifuged for 10 min at 10,000 χ g. The pellet 
was resuspended in 10 mL fresh extraction buffer. Serial dilutions in 0.01 M phosphate 
buffer, pH 6.8, were inoculated onto different culture media. Numerous media were used 
including agar-solidified preparations and various modifications of the PD2 medium 
(Davis et al., 1980b), SC medium (Davis et al., 1980a), PW medium (Davis et al., 1981), 
L20 medium (Davis et al., 1983), and C3G medium (Liao and Chen, 1977). Inoculated 
media were incubated aerobically at 28 °C and examined periodically for growth for 3 - 4 
wk. 

RESULTS 

Ninety-five papaya plants with symptoms of PBT from 12 countries throughout the 
American tropics were assayed by PCR for the presence of 16S rRNA genes of MLOs 
using the PI and P6 primer pair, but none were found (Table 1). No differences were detect-
able between healthy and diseased papaya DNA samples. All positive control amplifica-
tions produced appropriately sized amplimers and all negative controls produced no cor-
rectly sized amplimers. Low titre and/or interfering substances as a cause of failure to de-
tect MLO DNA in papaya samples were tested by diluting positive indicating M L O DNA 
extracted with total DNA from periwinkle hosts with thousand- and million-fold relative 
quantities of papaya DNA extracts. No positive control DNA amplification was diminished 
by addition of any papaya DNA extracts. 

Histochemical differences were observed between petiole sections from healthy pa-
paya plants and those taken from PBT-affected plants. Abnormal fluorescence associated 
only with PBT-affected tissues was observed on the periphery of the phloem on its inner-
most side near the xylem and sometimes extended into the phloem rays as far as the cortex. 
When petiole sections from PBT-affected papaya were stained with DAPI, regions of bright 
bluish white fluorescence were observed intermixed with a dull yellow autofluorescence. 
When sections were stained with acridine orange, the same region exhibited a bright yellow 
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to orange fluorescence. Similar staining was not observed in sections from healthy plants 
and plants affected by papaya ringspot virus. 

When petiole tissues from 148 plants from seven locations in Puerto Rico were exam-
ined by epifluorescence, the fluorescence associated with PBT was observed in samples 
from 65 of 66 (98.5%) symptomatic plants and six of 82 (7.3%) nonsymptomatic plants. Of 
the 95 samples from 12 countries which tested negative for MLOs in the PCR assay, 70 
exhibited the abnormal fluorescence associated with PBT when stained with DAPI or acri-
dine orange (Table 1). 

Small bacteria were observed by electron microscopy within papaya petiole cells on 
the periphery of the phloem. The bacteria were found in all three PBT-affected plants from 
Puerto Rico and Costa Rica but were not found in a healthy plant from Florida. The bacteria 
were rod-shaped measuring approximately 0.25-0,35μπι in width and 0.8-1.6 Km in length. 
Their cell wall resembled those of Gram-negative bacteria. 

The plant cells in which the bacteria were found appeared to be laticifers. Normal 
laticifers were not prevalent in the samples from PBT-affected plants but were readily found 
in the same location within samples from the healthy plant. Cells containing unidentified 
bodies similar to those presumed to be MLOs in an earlier study (Webb and Davis, 1987) 
were observed in samples from the two PBT-affected plants from Puerto Rico but not in the 
similar sample from Costa Rica and the healthy sample from Florida. The bodies did not 
appear to be bound on the outside by a unit membrane similar to the cytoplasmic membrane 
of MLOs. The bodies were observed in cells with thick cell walls which might have been 
laticifers, but the bodies appeared smaller on the average than normal latex vesicles and had 
more electron dense materials. 

Numerous small, rod-shaped bacteria, often greater than 10 per microscope field ( 1 OOOx), 
were observed in expressed sap from fresh papaya petioles from 15 of 19 (78.9%) plants 
with PBT symptoms, including both foliar symptoms and a reduction of latex-flow upon 
wounding, but were not observed in similar preparations from 13 of 15 (86.7%) plants 
without PBT symptoms. 

All attempts to isolate the bacteria in axenic culture were unsuccessful. Undiluted in-
oculum preparations sometimes contained as many as 50-100 bacterial cells/microscope 
field, but only low numbers of fast growing bacterial contaminants were isolated from the 
preparations. 

DISCUSSION 

PCR has proven to be a highly sensitive technique for the detection of MLOs and other 
Mollicutes (Deng and Hiruki, 1991; Ahrens and Seemuller, 1992; Harrison et al., 1994). 
Constant failure in the present study to detect MLO D N A in papaya with PBT symptoms by 
PCR indicates that a M L O is not associated with PBT. PCR inhibitors were apparently not 
responsible for the failure to detect the putative PBT MLO because total DNA extracts from 
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diseased papaya did not interfere with detection of MLO DNA. The possibility that a M L O 
is responsible for PBT symptoms in some geographic locations in the American tropics but 
not in others seems remote because the putative PBT MLO was not detected by PCR in 
samples from 12 different countries, including four samples from the Dominican Republic 
where MLOs were first reported as being associated with PBT (Story and Halliwell, 1969). 

The two previous reports by Story and Halliwell (1969) and Webb and Davis (1987) 
associating MLOs with PBT appear to have been erroneous. These reports were based pri-
marily on observations by transmission electron microscopy of bodies resembling MLOs in 
the phloem of papaya with PBT. The bodies in the electron micrograph presented by Story 
and Halliwell (1969) could alternatively be interpreted as being degenerate mitochondria. 
No micrographs showing MLOs were published in the brief note by Webb and Davis (1987); 
however, 100 micrographs taken during that study were available and examined again. 
Bodies which had been previously identified as MLOs were present in the majority of the 
micrographs and were identical to the unidentified bodies observed in tissue from PBT-
affected papaya during the present study. No other bodies resembling MLOs were observed. 
A relationship between PBT and these unidentified bodies has not been determined; how-
ever, similar bodies were not observed in sections from healthy plants in either study. One 
possible explanation for this is that the bodies were latex vesicles which had been adversely 
affected during the disease process. Collapse of latex ducts due to bacterial infection might 
be responsible for the cessation of latex-flow observed in the PBT-affected plants. 

A fastidious bacterium appears to be associated with PBT. Both light and electron 
microscope examinations supported this association. Furthermore, the bacteria were found 
in plant cells by electron microscopy which appeared to be laticifers and were located in the 
same area as the PBT-associated fluorescence detected by epifluorescence microscopy. This 
fluorescence was consistently associated with both foliar symptoms of PBT and the reduc-
tion or complete absence of latex flow upon wounding. The remission of PBT symptoms 
after application of tetracycline antibiotics still tends to suggest that a prokaryote might be 
responsible for the disease, even though a MLO etiology now seems unlikely. 

Failure to isolate the bacterium on culture media which support the growth of fastidi-
ous prokaryotic plant pathogens has precluded attempts to fulfill Koch's postulates as proof 
of pathogenicity. Further studies are needed to determine the role of bacteria in the etiology 
of PBT. 
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THE EFFECT OF PAPAYA RINGSPOT VIRUS ON PRODUCTION 
AND FUTURE MEANS OF POSSIBLE CONTROL 
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Kmgshili, St Croix, VI00850 

ABSTRACT 

Papaya production in most parts of the world has been devastated by the papaya ringspot 
virus (PRV). This disease costs the papaya industry millions of dollars each year. PRV is 
transmitted by aphids and causes water-soaked lesions and stunted growth of stems and 
petioles. Infected leaves are mottled and with severe infection become disfigured. The fruit 
surface develops ringspots and the fruits are reduced in size, ripen prematurely and become 
non-marketable. Cultural practices, such as windbreaks, intercropping and regular insect 
pest control, can at best only delay the outbreak of the disease in the area. Cross protection 
in which mild virus isolates are used to infect susceptible cultivars has shown variable 
success. By inserting the coat protein (CP) gene of a PRV strain into papayas, plants can be 
developed that are immunized to the virus. Papayas have recently been genetically engi-
neered with the CP gene from a virulent Hawaiian strain of PRV. The PRV-CP transgenic 
plants are resistant to the Hawaiian viral strain but susceptible to PRV strains from other 
geographical regions, including the Caribbean. The University of the Virgin Islands, in 
cooperation with the University of Puerto Rico and Cornell University, is working to 
bioengineer resistance to a Caribbean strain of PRV into papaya cultivars grown in the 
region. 

INTRODUCTION 

Papaya production throughout the world has been devastated by the papaya ringspot 
virus (PRV). This viral disease costs the papaya industry millions of dollars each year and 
can be a limiting factor to growing papaya in areas of Hawaii, Guam, Florida, the Carib-
bean, Africa, Australia and the Far East. The Daily Gleaner newspaper of Jamaica, last year 
reported that the agriculture ministry had ordered the destruction of 81 ha of papaya valued 
at $600,000 that were suspected to have PRV. Each year, in south-eastern Mexico, 90% of 
the papaya in plantations dies from PRV (Mora-Agiulera, 1993). In Taiwan, within 4 years 
of PRV being first reported, papaya production dropped from 42,000 t to 19,000 t and the 
export markets to Japan and Hong Kong were lost. The Virgin Islands exported papaya until 
the early 1980s, when PRV destroyed local plantings. Papaya production in the Virgin Is-
lands is presently sporadic with few fruits being sold at local markets or roadside stands. 
The demand for papaya is high, both at the local markets and at the hotels and restaurants 
that cater to tourists. 

82 



Papaya ringspot virus is a member of the potyvirus group which have filamentous 
particles (720 nm) with a protein coat surrounding an RNA core. Multiple strains of PRV 
exist from varying tropical regions around the world. PRV is closely related to PRV-W, 
formerly known as water-melon mosaic virus 1. The host range for PRV includes papaya, 
cucurbits such as pumpkin, squash, cucumber and melon and relatives of beet in the 
Chenopodiaceae family (Yeh et al., 1984). The virus is principally transmitted by aphids 
but can also be mechanically transmitted. The virus spreads rapidly once it occurs in an 
orchard. Symptoms of the virus include: water-soaked streaks or lesions on the stems and 
leaf petioles; mottled and distorted leaves; ringspots on the fruit; premature ripening and 
reduced flavour; reduced plant vigour, low fruit set and smaller fruits; and finally death of 
the plant (Purcifull et al., 1984). Once introduced, PRV has never been successfully eradi-
cated from a production region. 

CONTROL OF PRV 

Presently, 100% control of PRV is not possible. However, certain factors can delay the 
outbreak of the virus in a papaya orchard. First, locate the papaya field in an isolated area 
away from other established or diseased papayas. Do not grow other PRV host plants such 
as squash, melon, cucumber or beet near papaya. Inspect the orchard weekly for signs of the 
disease and rogue out infected plants until plants begin to flower. Planting a windbreak 
around the orchard can act as a natural barrier in isolating the orchard from the insect vec-
tor. 

PEST CONTROL 

Routine pest control will inhibit the insect vector and delay the viral disease outbreak. 
Maintain a regular spray programme for disease-carrying insects and pests. Apply adequate 
fertilizer for maximum growth and production in a short period of time. By growing strong 
healthy plants that have not been subjected to stress, disease symptoms can be delayed in a 
papaya planting. 

VARIETAL SELECTION 

Natural resistance to PRV has not been found in Carica papaya after screening large 
collections of papaya lines and cultivars (Conover, 1976). Presently, there are no commer-
cial papaya varieties that are resistant to PRV. However, some varieties have been devel-
oped with increased tolerance to PRV such as Cariflora (Conover, 1976; Ramcharan, 1993). 
Papaya varieties that were screened at the Agricultural Experiment Station of the Univer-
sity of the Virgin Islands on St Croix have indicated varying levels of tolerance to PRV 
(Table 1). The most tolerant varieties, after 9 months in the field, include 356-3, PR6-65 χ 
Cariflora F2 and Cariflora. An advantage we found in planting Cariflora is that flowering 
may occur within 3 months after planting while Sunrise and Kapoho took 5 and 6 months, 
respectively. The solo Sunrise related varieties are very susceptible to PRV with limited 
production potential for PRV infested areas (Ramcharan, 1993). Growers should plant the 
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most tolerant papaya varieties available and avoid the most susceptible varieties. The use of 
ground covers in the papaya field can influence the spread of PRV. PRV spread more quickly 
throughout a papaya field when mowed grass was used as a ground cover as compared to a 
chipped wood mulch or tilled soil (Table 2). The grass may harbour aphids that spread this 
viral disease. 

CONTROL OF PRV THROUGH CROSS PROTECTION 

Cross protection, discovered in 1927, is a system in which plants infected with one 
strain of a virus are protected from the severe effects of a second related strain of the same 
virus (McKinney, 1929). The key for practical application of cross protection is the avail-
ability of a useful protective virus strain. Nitrous acid was used to induce mutants from the 
Hawaiian strain of PRV. Two mutants were selected that caused infection with diffuse leaf 
mottling and no reduction in growth (Yeh and Gonsalves, 1984). Since papaya is propa-
gated by seed, a system was developed to inoculate large numbers of seedlings at the 4 or 5-
leaf stage with a pressure sprayer. Initially the growth and fruit set of the inoculated papayas 
were not affected by the mild mutant PRV strain. The fruit of some plants had a few ringspots 
that became less apparent at maturity and did not affect the quality of the fruit. The cross 
protection induced in seedlings persists throughout the plant's life so cross-protected plants 
do not require reinoculation. 

Table I Progression of PRV infection through a field of twelve papaya varieties over time 

Total 5 months 7 months 9 months 
Variety plants PRV % PRV % PRV % 

Cariflora 65 1 1.5 17 26.2 28 43.1 
SS χ CFL F2 41 7 17.1 16 39 27 65.9 
Washington 39 0 0 7 17.9 19 48.7 

PR 6-65 35 1 2.9 6 17.1 15 42.9 
PR 6-65 χ CFL F2 32 0 0 6 18.8 11 34.4 
Solo 64 25 2 8 7 28 18 72 

Barbados Dwarf Solo 23 0 0 10 43.5 15 65.2 

Kapoho 23 2 8.7 16 69.6 20 87 

Tainung-2 20 2 10 6 30 10 50 

Yeun Nong-1 20 2 10 7 35 11 55 

356-3 20 2 10 2 10 2 10 
Exotica 18 0 0 9 50 17 94.4 

Sunrise 13 0 0 5 38.5 13 100 

Total 374 19 5.OS 114 30.5 206 55.1 
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Table 2 The influence of ground cover in a papaya field and the spread of PRV infection 
over time 

Total 5 months 7 months 9 months 
Variety plants PRV % PRV % PRV % 

Grass I IS 18 15.3 52 44.1 78 68.1 
Mulch 120 6 5 28 23.3 61 50.8 
Titled 136 11 8.1 34 25 67 49.3 

Disadvantages of cross protection 

Under warm conditions, above 25 °C, papayas inoculated with the mutant PRV strains 
grow well and do not show conspicuous symptoms. However, when temperatures drop 
below 20 °C or during rainy and shady conditions, chlorotic spots appear on the leaves and 
small ringspots appear on fruit set through this period. As the temperatures rise above 25 °C, 
new developing leaves and fruit have less apparent viral symptoms. The mild symptoms 
may be repressed by applying more fertilizer to the trees. 

Cross protection can only delay expression of severe symptoms and superinfection by 
severe PRV strains can occur. If cross protection breaks down before flowering, no eco-
nomic benefit is obtained. Cross protection break-down occurs when: (i) the challenge vi-
rus is introduced into the non-expanding young leaves around the apex; (ii) severe chal-
lenge pressure surrounds the protected plants; (iii) severe virus strains different from the 
parental virus of the mutant exist; and (iv) inoculated seedlings escape infection from the 
mutant strain (Yeh, 1990). The mutant Hawaiian strain is still too virulent for certain papaya 
varieties, e.g. Sunrise. Cross protection, when tested in Puerto Rico, was not effective in 
reducing or controlling PRV. 

GENETICALLY ENGINEERED VIRAL RESISTANCE 

Genetic engineering or transformation involves the transfer of genetic information from 
one type of organism to another in a way that permits stable incorporation and expression of 
the foreign genes in the recipient organism. Researchers have demonstrated that the transfer 
of a gene for the viral coat protein (CP) into virus-susceptible plants can cause resistance to 
the viral disease (Gonsalves et al., 1992). Through a joint effort of Cornell University and 
the University of Hawaii, the CP gene from the Hawaiian strain of PRV has been isolated, 
sequenced, cloned into a vector and genetically engineered into papaya cells that were re-
generated into plants. The presence of the PRV-CP gene in transgenic papaya plants has 
provided resistance to the Hawaiian strain of PRV. However, these transgenic papaya plants 
are susceptible to strains of the PRV found in other regions of the world, including the 
Caribbean. 
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Through a 1994 Caribbean Basin Administrative Group grant, the University of the 
Virgin Islands (UVI), in cooperation with Bryan Brunner from the University of Puerto 
Rico and Dennis Gonsalves from Cornell University, are working to bio-engineer resis-
tance to a local PRV strain into papaya cultivars grown in Puerto Rico and the Virgin 
Islands. Zygotic embiyos, from 90-114 days post-anthesis fruits, were cultured on Murashige 
and Skoog (1962) medium with 40 mM 2,4-D, 2.73 mM glutamine and 175 mM sucrose 
(Fitch and Manshardt, 1990; Fitch et al., 1993). This medium formulation has been success-
ful on 14 papaya cultivars. Depending on the papaya cultivar, somatic embryos were formed 
within 4 to 8 wk. After 8 wk, somatic embryos are matured and germinated on 2,4-D free 
medium. 

The coat protein gene has been isolated from PRV infected leaves found in the Virgin 
Islands and cloned into a vector plasmid construct at Cornell University. The vector plas-
mid contains the genes for PRV-CP and neomycin phosphotransferase II. This new PRV-
CP vector plasmid was obtained by UVI and electroporated into Agrobacterium tumefaciens. 
Cocultivation of 1-week-old embryo cultures with Agrobacterium tumefaciens containing 
PRV-CP plasmid is now underway at UVI. Selection for putative transgenic embryos will 
be on kanamycin-containing medium. Transgenic papaya plants will be evaluated for PRV 
resistance under greenhouse and field conditions. The final goal of this collaborative re-
search is to develop locally grown papaya cultivars that are immunized against the Virgin 
Islands strain of PRV by bio-engineering transgenic papayas with the coat protein gene 
from PRV. 
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FIELD EVALUATION OF CONVENTIONALAND TISSUE-
CULTURE MATERIAL OF THE HUA MOA PLANTAIN 

(Mitsa acuminata χ M.balbisiana, A AB) 

F. Vâzque ζ and R. Rube rte 

USDA, ARS, 5ΑΛ, Tropical Agriculture Research Station, 
P. Ο. Box 70. Mawguez, Puerto Rico 00681 

ABSTRACT 

The Hua Moa plantain is a clone commercially grown in Hawaii and other Pacific 
islands for fresh food. This plantain has not been field evaluated in Puerto Rico, but pre-
liminary culinary tests conducted at TARS determined that it has potential for diverse uses 
as either a green or ripe fruit. The fruit is somewhat cylindrical and stout, producing large, 
uniform slices, and the pulp texture is soft. Three types of planting material, field-obtained 
conventional suckers (Conv) and 3- and 6-month-otd greenhouse grown explants (TC-A 
and TC-B), were evaluated for plant and bunch characteristics and yield. The treatments 
were arranged in a randomized complete block design with six replications and four plants 
per replications. Means for days from planting to harvesting (DPH), days from flowering to 
harvesting (DFH). and plant height (PHT) were significantly different. Bunches from Conv 
plants were harvested earlier (361 days) than those from TC-B (390) and TC-A(410). Fruits 
of TC-A plants reached the mature green stage earlier (57 days) than those of TC-B (67) 
and Conv (68). Conv plants were shorter (2.12 m) than those of TC-B (2.23) and TC-A 
(2.32). There was no significant effect among treatments on yield components. Bunch weight 
ranged from 8.0 to 9.2 kg and fruit weight from 0.26 to 0.29 kg, with an average of 31 fruits 
per bunch for all treatments. 

INTRODUCTION 

Plantains (Musa spp.) are a major staple food in the tropics. Like bananas, they are 
normally propagated vegetatively by suckers. The need for producing large quantities of 
pathogen-free material has stimulated investigators to produce plantains via meristem cul-
ture (Krikorian, 1988; Liu et al.. 1989; Arias, 1987). For several years, there has been in-
creased interest in, and development of. in vitro vegetative shoot tip culture methodology 
for plantain propagation. The Tropical Agriculture Research Station of the USDA-ARS is 
the official US National Plant Germplasm System repository for bananas and plantains and 
has the responsibility for introducing and evaluating Musa germplasm of potential value to 
users in the US, the Caribbean, and elsewhere. 

The Hua Moa plantain, originally from Hawaii, was recently introduced into the re-
pository of TARS in Mayaguez, Puerto Rico. In Hawaii, the Hua Moa is considered one of 
the finest cooking plantains on the island. It was selected for this experiment based on the 
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results of preliminary culinary tests conducted at TARS which showed that it had potential 
commercial use as a green or ripe fruit. 

MATERIALS AND METHODS 

Establishment of ih vitro material 

In 1992, two suckers of the Hua Moa plantain were planted at TARS and field evalu-
ated. In 1993, four shoot tips of one plant were isolated from four suckers which were cut 
from the source plant and cleaned thoroughly in running water. The sheathing leaf bases 
were removed and trimmed until corm tissue cubes of about 1 - 2 cm were obtained (Vuylteke, 
1989). The tissue cubes were rinsed in 95% ethanol for 20-30 sec then immersed for 20 min 
in a solution of 10% bleach (Chlorox) containing a wetting agent (Tween 20 at two drops 
per 100 mL) to enhance penetration. All stages after this one were done under aseptic con-
ditions. The beaker containing the bleach solution and the cubes was shaken frequently. 
After 20 min it was decanted and the cubes were rinsed three limes with sterile, deionized, 
distilled water, with 5 min between rinses. After the last rinse, the cubes were immersed in 
a sterile solution of 1% ascorbic acid to minimize tissue oxidation until the excision was 
made. The shoot lips were then transferred to the modified culture media of Murashige and 
Skoog (Muer and King, 1962) containing 5 g of activated charcoal (neutralized) for callus 
formation and shoot multiplication. After multiplication by subculturing, always immersed 
in an antioxidant mixture solution, the shoots were transferred lo a regeneration medium 
supplemented with activated charcoal. Once shoots rooted, the plantlets were transferred to 
natural conditions at 3-and 6-month intervals, placed in sterilized Promix, and covered 
with transparent plastic cups and watered. After 2 weeks, the cups were removed and the 
plants were fertilized with a solution of all-purpose plant food (20-20-20). Four weeks 
later, 50 plants of each stage were planted in 10-cm pots containing peat moss and sand and 
moved into the greenhouse, where they were maintained for about 3 months. 

Field planting 

The field experiment was performed at the Isabel a ARS farm and consisted of tissue-
culture plant material of the two age stages and conventional suckers obtained from the two 
original plants at TARS. Four plants per treatment in a randomized complete block design 
were established with six replications cach. At planting date, aldicarb (Temik 10-G) was 
administered at the rate of 28 g/plant. A drip irrigation system was established for the ex-
periment, which was planted in November, 1993. Fertilizer (10-5-20 + ME) was applied 
every 3 months at the rate of 3.5 t/ha. During early growth, weeds were controlled by rototiller 
cultivation, and thereafter sporadic applications of glyphosate (Round-up) at the rate of 2% 
were made During the growth period, data were taken on the number of days from planting 
to harvesting and days from flowering to harvesting. Harvesting began in November, 1994, 
when the fruits were at the mature green stage. At that time, data on plant height, number of 
leaves, and pseudostem diameter were taken. After obtaining the gross bunch weight, the 
number of fruits per bunch was counted, and those of the third and last hands were used to 
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determine average fruit weight. All data obtained were analyzed statistically, and compari-
sons were made according to LSD (0.05). 

RESULTS AND DISCUSSION 

In vitro responses 

Some 100 plants were produced by tissue culture from the four suckers taken from the 
Hua Moa plant grown at Mayaguez. Callus and shoot multiplication were induced by means 
of the modified culture medium of Murashige and Skoog. The in vitro response of vegeta-
tive stem tips was very similar to that observed with other Musa clones (Krikorian, 1988). 
No pathogen damage was observed on the plantlets in the laboratory. 

Field evaluations 

Plant crop data from the field observations indicate that plants grown from field-ob-
tained suckers (Conv) responded somewhat differently from 3- and 6-month-old tissue cul-
ture-derived plants (TC-A and TC-B) in the parameters of days from planting to harvest 
(DPH) and plant height (PHT) (Table 1 ), with a DPH of 361 days and 2.12 PHT at harvest. 
The number of days from flowering to harvesting, 57, was lower for TC-A plants than that 
of Conv and TC-B, which required 68 and 67 days, respectively (Table 1). No significant 
differences were observed for pseudostem diameter that ranged from 45.8 to 46.7 cm or 
number of leaves per plant that varied from 11 to 12.3 (Table 1). Bunch weight (8 to 9.2 kg) 
and fruit weight (0.26 to 0.29 kg) and the number of fruits per bunch (an overall average of 
31) did not vary significantly among the three treatments (Tables 1 and 2). The data on fruit 
weight and number of leaves compare favourably with those of Iri/.arry and Rivera for the 
Superplantain clone, 0.27 kg per fruit (I and R), and 13.2 for the Maricongo cultivar 
(Rodriguez and Irizarry, 1979). 

The data indicate that the Hua Moa plantain can be successfully propagated by in vitro 
techniques without any deviation from the parental material and has the potential for use 
commercially. 

90 



Table 1 Characteristics of conventional and 3-month (TC-A) and 6-month-old (TC-B) 
Hua Moa plantain tissue culture planting material 

Characteristic Conventional TC-A TC-B 

Days from planting 

to harvest 361 410 390 

Days from 
flowering to harveest 68 57 67 

Plant height (m) 2.12 2.23 2.32 

Pseudostem 

diam.(cm) 46.1 46.7 45.8 

No. of leaves 11.3 11 12.3 

Bunch weight 9.2 7.8 8.0 

No, of fruits 31 31 31 

Fruit weight (kg) 0.29 0.26 0.26 
Table 2 F-values and coefficients of variation (CV) for the analyses of variance of con-

ventional and 3- and 6-month-old Hua Moa plantain tissue-culture planting 
material 

F-values Ρ diam* (cm) Bunch wt (kg) No. fruits Fruit wt. (kg) 

Replication 0.96 2.80 0.81 3.19 
Treatment 0.26 0.98 0.01 2.11 

CV 4.6 21.6 19.3 12.5 

*P diam = pseudostem diameter). 
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CARDPS ROLE IN THE RECENT DEVELOPMENT 
OF THE ONION INDUSTRY IN BARBADOS 

Frances L Chandler 

Caribbean Agricultural Research and Development Institute, Cave Hill Campus, 
P.O. Box 64, Bridgetown, Barbados 

ABSTRACT 

Although large-scale commercial onion production began in Barbados about 1970, by 
1987 77% of the annual demand was still being imported. Furthermore, exports declined 
from 7001 in 1972 to zero in 1987. The major factors that led to the decline in the industry 
were the seasonal production of the crop, 'blast' disease and the short shelf-life of the vari-
eties grown. CARDI has been involved in a National Onion Development Programme, 
initiated in 1987, with the objective of removing these constraints to development of the 
onion industry. The other collaborators are the Ministry of Agriculture, onion growers, the 
University of the West Indies, the Sugar Technology Research Unit, and the Caribbean 
Meteorological Institute. The study undertaken by CARDI involved the testing of approxi-
mately 80 short and intermediate day onion varieties to select suitable high performance 
cultivars, adapted to climatic conditions in the Caribbean which would store well under 
ambient conditions. Two Israeli varieties, Grandstand and Arad, and Mercedes, a variety 
from the USA were selected because of their favourable yield and outstanding storability. 
These are the only varieties being produced commercially in Barbados at the present time. 
The period of availability of the local onion has been extended from 5 months in 1980 to 10 
months in 1991. Export was restarted in 1995, with favourable response on bulb quality. 
There have been initiatives in onion production in St Kitts/Nevis, Grenada, St Vincent, 
Antigua and Montserrat. Transfer of technology from Barbados resulted in the transforma-
tion of the commercially grown varieties used in these countries between 1988 and 1993, 
with at least 9 0 ^ of the acreage cultivated to Grandstand and Arad. Although considerable 
progress has been made, constraints remain which must be addressed, e.g. the lack of ad-
equate drying and storage facilities in all countries involved, control of weeds and 'blast' 
disease in the field, and the lack of proper production planning. The search for varieties 
tolerant to 'blast' continues. 

INTRODUCTION 

Although records show that onion was grown on a small scale in Barbados at the turn 
of this century, the crop did not become commercially important until the late 1960s with 
the advent of mechanized precision planting of vegetable crops by local growers. 

Granex Ft Hybrid was the most widely grown variety during the initial stages of com-
mercial production. The variety is high yielding, but the bulbs are soft and mild and have 
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only a few dry outer scales which are easily shed. Since this and many other US short-day 
hybrids were not bred for storage, their shelf-life is expectedly limited. 

During 1968 to 1986, more than 100 short and intermediate day varieties, mainly from 
USA, Israel, Netherlands, Japan, Africa, Spain, France and New Zealand were evaluated by 
CARDI and Ministry of Agriculture (Chandler et al., 1973; CARDI, 1984; CARDI, 1986). 
These preliminary agronomic and storage trials resulted in the replacement of the standard 
commercial variety Granex F, Hybrid to a large extent with the less perishable but lower 
yielding Hybrid F, Golden (Chandler and Williams, 1979; unpublished). Seed of this vari-
ety was not available on the market after 1987. 

The relatively limited shelf-life of the onion varieties grown, and the seasonal produc-
tion of the crop created major marketing problems on the domestic market and hindered 
opportunities for the development of intra-regional trade in onions. The crop was produced 
largely by sugar estates in their 'thrown out ' fields under rainfed conditions. Harvest was 
generally limited to a 14-week period between mid January and the end of April, with over 
50% being harvested in March. Post-harvest handling systems were inadequate, and there 
was a lack of storage facilities. 

With such practices, spoilage contributed significantly to the decline in exports from 
7001 in 1972 to zero in 1987 and self-sufficiency has remained at the relatively low level of 
approximately 23%. The coincidence of the availability of Barbados onions for export with 
low world market prices during March and April, and the high price of local onions when 
compared with extra-regional supplies exacerbated the problems of the export industry. 
These problems, together with the continual threat of 'blast* disease resulted in fluctuating 
acreages and production, since growers considered the crop to be 'high risk' (Chandler, 
1989; unpublished). The area planted in a particular year depended on the severity of pre -
and post-harvest losses experienced during the preceding year (Table 1). 

Consequently, studies carried out for the government documented the urgent need in 
the short term, to find varieties with better storage potential under local ambient conditions 
and which would allow the extension of the production season (IICA, 1981; Orshan, 1982; 
Julien, 1983). 

The National Onion Development Programme 

This programme started in 1987 with the primary objective of providing the research 
necessary to remove the major constraints to the production of onions in Barbados. The 
programme was multidisciplinary and involved researchers from all the major agricultural 
institutions in Barbados: the Caribbean Agricultural Research and Development Institute, 
the Ministry of Agriculture, the University of the West Indies (Faculty of Agriculture, Trinidad 
and Faculty of Natural Sciences, Barbados), Barbados Sugar Industry Limited (the onion 
growers) and the Caribbean Meteorological Institute. 
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CARDI 'S ROLE IN THE PROGRAMME 

CARDI was responsible for agronomic and storage trials aimed at finding one or more 
varieties that would: 

Produce commercially acceptable yields when grown during the major growing 
seasons 
Store for more than 8 weeks under ambient temperature and humidity conditions. 

Evaluation of bulbing characteristics of varieties 

In the absence of a specific breeding programme for the Caribbean, advanced germplasm 
from North America, Europe, Middle and Far East areas was screened. The initial selection 
of germplasm to be tested was based on daylength requirement, bulb colour and where 
possible, storage life. Short and intermediate daylength varieties were recommended by 
seed companies or selected using the descriptive lists in seed catalogues. Emphasis was 
placed on yellow bulbed varieties, although a smaller number of red and white varieties was 
included for comparison. Varieties listed as having at least a medium storage life were 
included where possible. 

Preliminary sequential screening of 58 varieties from North America, Europe, Israel 
and Japan (See Appendix I for details) was conducted during January, February, March, 
April, May, June, August, September, October and December 1987. 

Table 1 Onion production, imports and exports for Barbados 1970-87 

Year Local production Imports Exports 
(hectares) (tonnes) (tonnes) (tonnes) 

1970 36 543 1,500 81 
1971 62 907 1,513 54 
1972 101 1139 1,292 734 
1973 81 816 1,304 499 
1974 87 823 1,163 183 
1975 66 816 1,244 465 
1976 46 680 1,649 297 
1977 67 693 1,313 293 
1978 57 743 1,711 195 
1979 71 540 1,511 71 
1980 44 520 1,831 30 
1981 31 435 1,778 0 
1982 23 476 1,773 23 
1983 43 764 1,400 3 
1984 24 549 1,983 0 
1985 38 776 1,703 0 
1986 71 459 2,143 0 
1987 63 467 1,807 0 

Source: Barbados Ministry of Agriculture/Barbados Marketing Corporation 
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All trials were conducted in the low to medium rainfall area of the island (average rainfall 
1,140-1,400 mm). The dark clay soils occurring in this area are predominantly smectoid in 
nature, and have been identified as being most suited to onion production (Eavis and Jeffers, 
1970) with a pH about 7.5 and organic matter of approximately 4% (Vernon and Carrol, 
1966). Altitude is less than 60 m above sea level. 

Raised beds 168 cm wide with five rows, or 180 cm wide with six rows, were used. 
Intra-row spacing was approximately 2.5 cm. All trials were irrigated and the standard com-
mercial agronomic and pest control practices were used (Chandler, 1995). 

Varieties were said to have bulbed when well defined bulbs with a bulbing ratio (bulb 
diameter to pseudostem diameter) greater than 2 were produced. At least 50% of the plants 
of varieties which were considered to have bulbed must have reached maturity and exhib-
ited senescence of foliage at harvest. Varieties that did not bulb were defined as those which 
produced thick necked elongated swellings rather than well-defined bulbs. 

During March and April, germination of all varieties was negligible, and the trials were 
abandoned. The August planted trial was affected by 'blast' disease at an early stage and no 
results were recorded. The September trial was abandoned due to a high weed incidence. 

Of the 23 varieties planted at all sowing dates, 10 varieties (Granex F, Hybrid, Texas 
Grano 502, Golden, Special 38, Henry's Special, Yellow Creole, Arco 3144/Y, Texstar 80, 
Granex 33 and Grandstand) exhibited the potential to produce well-defined bulbs, a high 
percentage of which reached the foliage collapse stage, indicating maturity, at all sowing 
dates. An additional variety, Red Bombay, which was not planted in January, bulbed at all 
other sowing dates. The varieties Hi Ball, Top Keeper and Keep Well did not bulb at either 
sowing date. Of the 23 varieties planted at all sowing dates, the percentage of varieties 
which bulbed was lowest (57%) from the June planting, compared to 61% for February, 
74% for October, 83% for December and 78% for January. 

Yield and storage evaluation 

Since onions grown under Barbados conditions are affected by a wide range of weed 
species and a number of pests and diseases that require a high level of management and 
inputs for their control (Chandler, 1989; unpublished), high commercial yields are neces-
sary to recover investment in production costs. Furthermore, post-harvest losses must be 
reduced to a minimum. Therefore, selection of varieties must take into consideration, not 
only bulbing ability, but the capacity of varieties to consistently produce commercially 
acceptable yields of high quality bulbs with a long shelf-life under ambient conditions. 

More detailed yield and storage trials carried out during the period 1987 to 1994 with 
the varieties selected from the preliminary trials and an additional 26 varieties from USA, 
Holland and Israel (see Appendix I) resulted in three varieties - Grandstand and Arad (Hazera) 
from Israel and Mercedes (Petoseed) from USA - being recommended for commercial use. 
These varieties consistently produced the equivalent of over 50 t/ha in trials in the major 
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growing seasons, i.e. October and January, and more than 90% of the bulbs remained sound 
after 12 weeks in storage. 

Yields tended to be higher in the October planting, compared to the January planting, 
and time to maturity was longer for the October planted trials. A similar result was obtained 
by Guzman and Hayslip (1962) in Florida. Growth analysis revealed that leaf areas of all 
varieties tended to be higher in the October planting which could possibly account for the 
higher yields. Bulb defects such as doubling and thick necks were generally confined to the 
October planting. Pike and Lopes (1988) noted that doubling (splitting) in onion was a 
complex process involving interactions between varieties, planting dates and other envi-
ronmental factors, and Robinson (1971) noted that less splitting occurred in smaller bulbs. 
The smaller bulbs produced from the January plantings would therefore be less likely to 
split than the larger bulbs from October plantings. 

Storage trials were carried out using ventilated plastic field baskets under ambient con-
ditions. Disease rather than sprouting or desiccation accounted for most storage losses, and 
Aspergillus niger was the major disease causing losses. Small bulbs stored better than large 
bulbs and thin-necked bulbs better than thick-necked ones. White bulbed varieties sprouted 
least, but were most susceptible to infection by Aspergillus niger. It would appear therefore 
that under the high temperature storage conditions in Barbados it is likely to be more prof-
itable to regulate storage conditions to minimize disease incidence rather than to minimize 
desiccation, so that smaller bulb sizes should be selected for storage and the larger bulbs 
marketed promptly after harvest. 

Solar drying trials 

Although selection of varieties with inherently good storage characteristics was one of 
the major objectives of the National Onion Development Programme, it is important to 
develop post-harvest crop management methods that will further ensure the marketing of a 
good quality crop. Since Aspergillus niger caused up to 47% losses in some varieties, con-
trolling this disease is a priority. Complete surface drying and neck closure of bulbs is 
reported to reduce losses from pathogens during storage (Jamieson et al., 1976). Although 
field drying or 'windrowing' is the cheapest and most widely used method of drying onions 
in the tropics, it is risky, even in the dry season. 

Solar drying in a protected environment was therefore tested as an alternative method 
of drying onions. The objective was to determine the conditions (i.e. temperature, air flow 
and time) necessary to dry bulbs under local conditions, and to compare the storability of 
bulbs dried by this method with those dried by the traditional windrowing method. A packed 
bed solar drier originally designed to dry lumber was used. During the drying operation, 
heated air was forced through the bulbs which were loaded on the perforated floor of the 
drying bin. (Chandler, 1995). 

Although the temperatures achieved by the drier exceeded the maximum safe tempera-
ture of 38 00 recommended for onions, there was no evidence of physiological damage, and 
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a marked improvement of the scaie leaf colour and condition was observed after 4 days of 
drying. Some shedding of scale leaves did occur, possibly due to these high temperatures 
and the high airflow used (60 m3/min per t). 

Storage of solar-dried bulbs was significantly better than that of windrowed bulbs up to 
8 weeks in storage. Thus solar drying in a protected environment could be a useful alterna-
tive to field drying of onions, although the economics of such drying would have to be 
considered. One grower in Barbados has since successfully dried his crop using a solar drier 
designed to dry hay. 

Commercial production 

The selection of varieties with high yields and improved storabilily coupled with the 
increased use of drip irrigation by growers has resulted in an extension of the period of 
availability of locally produced onions from 5 months in 1980 to 10 months in 1991. Fur-
thermore, import figures show that in 1992, more than 50% of the onions consumed were 
grown locally. 

There has been an increased interest in onion production by small farmers, and in 1994/ 
95, of the 60 ha grown, 11 ha were grown by small fanners compared to only 1 ha in 1990/ 
91 (Simpson, 1995). 

The improved quality of the bulbs produced by the new varieties has resulted in at-
tempts being made to restart exports, and favourable responses have been received f rom 
trial shipments to Trinidad during 1995. 

Transfer of technology 

The model used by CARDI has been preliminary screening of varieties in Barbados, 
with recommendations then made to St Vincent, St Kitts, Nevis, Grenada, Montserrat and 
Jamaica. The transfer of technology has resulted in the transformation of the commercially 
grown cultivars in the Eastern Caribbean between 1988 and 1993. Prior to the Barbados 
study, the varieties grown commercially were Granex F l Hybrid, Special 38, Golden, Texas 
Grano 502 and White Robust. Following the study at least 90% of the acreage in the coun-
tries listed was cultivated to Grandstand or Arad or a combination. Mercedes is currently 
being evaluated in St Kitts and St Vincent (Table 2), 

Despite the strides made recently in the onion industry, several problems remain. Al-
though the cause of 'blast' disease was identified as Xanthomonaj campestris, (Paulraj, 
1991) there is still no consistent control in the field. The recommendation of interplanting 
three beds of carrot with three beds of onion (Paulraj, personal communication) has been 
tried on a commercial field and, although results look promising, no statistical trials have 
been done. 
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Table 2 Commercial production data for varieties selected in the study 

Country and Variety Yield Total area planted 
season (t/ha) (ha) 

Barbados Grandstand 10 2 
1988/89 Rainfed Grandstand 32 NA 
Irrigated 
1989/90 Rainfed Grandstand 25-38 15 
Irrigated Grandstand 39 NA 
1990/91 Rainfed Grandstand 14-18 68 
Irrigated Grandstand 37 NA 
1991/92 Rainfed Arad 19-30 16 
Drip irrigated 
July Arad 29 NA 
January Arad 56 NA 

Grandstand 56 51 
1992/93 Rainfed Grandstand 16 53 
Irrigated Arad 62 49 

1993/94 Drip Arad 75 NA 
Irrigated Mercedes 62 NA 
Antigua 
1988/89 Grandstand NA <1 
1991/92 Grandstand NA 8.1 
1992/93 Rainfed Grandstand 15 12.1 
S t Kitts/Nevis 
1991/92 Rainfed Grandstand 27 1.2 
1992/93 Irrigated 37 4.4 
Montserrat 
1992/93 Grandstand 11 (dry)+ 3.8 

Arad 3(green) 
St. Vincent 
1993/94 Grandstand NA 6.5 
Grenada 
1993/94 Grandstand NA 1.2 

(NA = not available) 

Collaborative work has been undertaken by UWI, Cave Hill and CARDI with regard to 
selection of varieties tolerant or resistant to 'blast'. So far, two Israeli varieties, H942 and 
H508 (Hazera) appear promising. 

Although the problem of poor germination during March, April and May has not been 
thoroughly investigated, indications are that frequent light irrigation would assist. Also, the 
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lack of adequate facilities for drying and storing the crop so that marketing can be effi-
ciently and effectively done continues to hamper the further development of the industry 
with the result that farmers still consider onion to be a high-risk crop. 
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APPENDIX I 

Varieties tested 1987-90 

Henry's Special, Yellow Creole, Early Yeilow Premium, Red Creole C5, Granex 33, Ring 
Gold, Tropicana, Yellow Bermuda, Dessex PRR, Gold Rush, Texspan, El Toro, Special 38, 
Hyb. 3144/Y, Ringer Grano, Texstar 80, Granex Hyb., Texas Grano 502, Golden. Red Com-
mander, White Robust, White Creole, (Arco Seed Co., USA), Tip Top, (Ferry Morse, USA), 
Galaxy, Nova (Neuman Seed Co., USA), Radar (Bejo Seed Co., Holland), Targa, Yellow 
Sweet Spanish, Valenciana Durable, Red Bombay, Rijnsberger, (Nickerson, Holland), Bliss, 
Hystar, Red Synto (Pop Vriend, Holland), Autumn Pride, Autumn Keeper, Autumn Beauty 
(Royal Sluis, Holland), Uien HM1 (Sluis & Groot, Holland), Ben Shemen, #86, Aviv, Beth 
Alpha Autumn, Stavi, Grandstand (H7), Grano 3, Yodalef, #9, (Hazera, Israel), Express 
Yellow, Hi-ball, Keepwell, Senshuyi Yellow, Hi-keeper, Top Keeper, Dragon Eye, Superex, 
Amber Express, Tropic Ace, Tough Ball (Takii, Japan). 

Additional varieties tested 1990-94 

Arad, Moab, Barak, Sivan, H1208, H815, Grano F,, H942, H952, RAM763, HA508, H811, 
H489, H95, H891, H944 (Hazera) Mercedes, PSX13589, PSX13489 (Petoseed), RS266, 
RS209, RS218, RS201, RS204 (Royal Sluis), Z251, Z218, Z204 (Neuman). 
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THE TASK FORCE APPROACH AND ITS IMPACT ON 
INCREASING ONION PRODUCTION IN ST KITTS AND NEVIS. 

C.S.Weekes' and S. Powell2 

'Caribbean Agricultural Research and Development Institute, Basseterre, St Kitts 
2Department of Agriculture, Nevis 

ABSTRACT 

A programme to increase the production of onion (Allium cepa) was initiated by 
the Caribbean Agricultural Research and Development Institute (CARDI) and the minis-
tries of agriculture in 1990. The task force approach was the methodology adopted for the 
development of onion production. The task force included members from CARDI, the Min-
istry of Agriculture, the marketing agency and the onion growers. Through this interdisci-
plinary approach, production has increased from 7.5 ι in 1990 to 128 t in 1995. Average 
yield increased from 7,000 to 20,000 kg/ha, while average plot size increased from less 
than 100 m2 to 0.4 ha. The number of fanners involved in commercial onion production 
increased from five in 1990 to 24 in 1994. Two trial shipments to Dominica were completed 
in 1994 and 28 t were exported to Dominica in 1995. The use of the task force approach in 
expanding onion production in St Kitts and Nevis is examined. 

INTRODUCTION AND BACKGROUND 

Onion is widely used as a vegetable and condiment in local cuisine and is a major 
vegetable import of the twin island nation of St Kitts and Nevis, accounting for 23% of total 
vegetable imports in 1989. In 1989, onion became a targeted commodity under the Carib-
bean Agricul tural and Rural Development Advisory and Training Service Project 
(CARDATS) in Nevis and in 1992 the Ministry ofAgriculture (MoA) in St Kitts requested 
that CARDI include onion development in its work programme. The development of on-
ions was aimed at partial substitution of the 2501 imported annually. 

Prior to the request from the MoA, onions had been produced in St Kitts and Nevis as 
a subsistence crop since the early 1900s, cultivated mainly by small farmers using trans-
plants in small plots. Early reports in the MoA indicate that onion was traded between the 
Leeward Islands during the 1950s (MoA Nevis reports). An attempt at commercial produc-
tion of onions was undertaken by the National Agricultural Corporation (NACO) in 1977 
and 1978 with the production of 22.72 and 31.401 respectively (Kelly, 1989). 

Given the experiences gained in Montserrat with the use of the task force (TF) 
approach to develop White potato in the mid 1980s, a decision was taken to adopt this 
method to develop onion production. The Nevis Onion Task Force (NOTF) was therefore 
established in 1990 following a proposal by CARDATS to utilize this mechanism to under-
take the development of onions. In 1992, the St Kitts Onion Task Force (SOTF) was estab-
lished through the Research Extension Coordinating Committee. 
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The first task of the TF was to characterize the onion production system, to identify the 
relevant constraints affecting production and identify the opportunities to overcome these 
constraints. The constraints were grouped into production, post-harvest handling and mar-
keting constraints. 

Production constraints 

Onion production in St Kitts and Nevis at the time the first task force was established 
had the following constraints: 

There were two varieties grown by farmers, Texas Early Grano and Granex. Both vari-
eties produced yields of about 7 t/ha and had a very short shelf-life (CARDI, 1991 
report). Varieties were required that combine high yields with good storage. 

Crop establishment was by transplanting of seedlings. Transplants were often inter-
cropped with other vegetables and spaced to accommodate weeding by hoe. This method 
was not suitable for substantially increasing the acreage of onions. 

Weed control was the major constraint to increasing onion production. All weed con-
trol practices were done manually and no herbicides were used. 

Productior costs averaged $ 1.57 /kg . There was therefore a need to reduce the cost of 
production so thai onions could be sold competitively on the domestic market. 

Training: farmer knowledge in producing the crop was very limited and production 
was geared for farm household consumption. A commercial thrust in onion production 
therefore required the training of fanners in all aspects of onion production. All farm-
ers could not be trained and therefore a core group would have to be selected. 

Post-harvest and marketing constraints 

Varieties: as indicated earlier the varieties produced by the farmers had a very short 
storage life. For onion to be made available for a longer time then varieties utilized 
should exhibit good storage. 

Storage: the system of storing onions by plaiting and hanging was inadequate and costly 
for large quantities of onions. A system of storage was required that allowed the farm-
ers to store larger quantities of onions for a longer period. 

Farmer training: farmers required training in all aspects of production from direct seed-
ing to marketing. Additionally commercially oriented fanners must be targeted for com-
mercial development of the crop. 

Marketing: CEMACO and the Marketing Division were included as members of the 
TF in St Kitts and Nevis respectively. WTien the TFs were established neither institu-
tion had any experience in the handling and marketing of onions. Farmers were accus-
tomed to selling small quantities of onions to grocery shops and in the municipal mar-
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ket. A programme had to be implemented to develop the farmers' marketing skills. 
There was no attempt made to grade or select onions before marketing. One challenge 
facing the task force was to train both farmers and marketers in the handling of onions 
for marketing. 

Terms of reference for the task forces 

After a careful study of the production system, the following terms of reference were 
established for both TFs: 

To advise the MoAs on matters pertaining to onion production 
To select a core of farmers 
To procure and distribute inputs 
To monitor and coordinate production 
To train growers in all aspects of onion production 
To increase production with a target of 50% import replacement by 1995. 

THE TASK FORCE APPROACH 

Organization 

The task force is a multidisciplinary committee working in an interdisciplinary mode 
to achieve a specific task in a specified time frame. The Onion Task Force links CARDI, the 
MoA, the marketing agency and farmers in a concerted effort to increase the production of 
onions to supply the domestic market {Figure 1 ). 

Each institution is represented on the task force by the head of the institution or his/her 
nominee with full authority to make decisions. The NOTF was comprised of the Chief 
Extension Officer as Coordinator; the CARDATS Country Officer as Technical Leader; the 
Extension Officer (District 4) whose role was crop monitoring and data collection; the 
Manager of the Small Farm Equipment Pool with responsibility for land preparation; the 
Marketing Officer with responsibility for marketing and a Farmer Representative. 

The SOTF was comprised of the Extension Officer (District 3) as Coordinator; CARDI 
Representative as Technical Leader; CARDI Senior Technical Assistant responsible for tech-
nology transfer; the Engineer in the MoA for mechanization and post-harvest technology; 
C E M A C O Field Officer with responsibility for marketing and one Farmer Representative. 

The responsibilities of the members of the TF were as follows: 

The Coordinator was responsible for convening and presiding over all meetings of the 
TF. In addition he was responsible for coordinating communication to and from the TF. 
The Technical Leader provided technical leadership to the TF. He was also responsible 
for the development of planting schedules and advised the TF on matters related to the 
production of onions. In addition he was expected to seek and coordinate all technical 
assistance and training. 
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The Marketing Officer had the prime responsibility for the marketing of onions. This 
officer was responsible for buying onions from the farmers, liasing with purchasers, 
arranging shipping and the collection and payment of monies. 
The Farmer Representative represented the growers and was himself a major onion 
producer and was therefore well qualified to represent the interests of the farmers. 

Functioning of the TF 

The task force approach is participative in nature and the persons involved have collec-
tive ownership and responsibility for decisions taken. The active and participatory involve-
ment of farmers as joint partners indicates that it is a 'bottom up' approach. The task force 
has responsibility for planning, implementing, monitoring, evaluating and reporting on the 
programme for development of onion production. The TF is responsible to the MoA and 

Figure 1 Schematic illustration of the task force approach used for onion production 
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The TF was established with CARDI providing technical leadership, secretarial ser-
vices and serving as the 'driver' to the task force. CARDI's role was to adapt and transfer 
technologies that were successfully developed in Montserrat and Barbados. CARDI had a 
pool of technical resources to address the constraints identified earlier. An active research 
and development programme that involved agronomic, socio-economic and post-harvest 
studies was therefore implemented by C A R D I . 

Meetings were held regularly to review and plan production of the crop. The meetings 
were presided over by the Coordinator. Records were kept of decisions taken at each meet-
ing. During the cropping season meetings were convened monthly or whenever needed. At 
least two field visits were made each year by the entire task force to farmers' plots. Regular 
meetings were held by the task force with farmers who participated in planning and review 
exercises. 

Joint field visits were made with the two task forces during the 1994 crop. The TF 
maintained a high public relations profile and major activities were reported in the media. 
Discussions on production took place on both radio and television. 

The MoA provided the extension expertise on the TF and was responsible for schedul-
ing, convening and presiding overmeetings. The MoA also had the authority to influence or 
direct the restriction on imports. During the second year the MoA was requested to procure 
and retail selected inputs such as seeds of the recommended varieties and selected pesti-
cides. The MoA and CARDI also participated in the training of farmers through joint work-
shops. . 

The Marketing Division influenced the marketing of the onion crop. In the early years 
the CEMACO agreed to purchase all locally grown onions and issued contracts to partici-
pating farmers. CEMACO then took on the responsibility for wholesaling. In Nevis, the 
Marketing Division coordinated the marketing of the onion crop and became involved in 
the distribution. Both marketing divisions also had responsibility for providing market in-
telligence and handling onions for export. 

The Farmer Representatives had the responsibility of bringing the views of the onion 
growers to the TF. The farmer provided technical inputs and advice based on his experience 
on technologies he thought were relevant. The farmer also provided feedback to the farm-
ing community. 

ACTIVITIES OF THE TASK FORCE 

The major activities undertaken by the TF included: 

Crop management studies including varietal assessment and introductions; fertilizer 
requirements and timing of application; establishment methods including plant densi-
ties and land preparation; investigations into weed management; pest and disease man-
agement. 
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Training, including training of farmers, front-line officers and marketers 
Procurement and sale of selected inputs 
Crop monitoring and production forecasting. 
Procurement of technical assistance 
Socio-economic and market studies including economic studies on production costs 
and assessment of CARDI technology on production; shipping trials and exports. 

ACHIEVEMENTS OF THE TASK FORCE; 

The achievements of the Task Force Approach can be seen in several ways: 

There has been a positive impact made on increasing the production of onions. Pro-
duction has increased from 7.5 t in 1990 to 128 t in 1995. In the same period, the area 
under production increased from 1.5 ha to 5.2 ha. 
In support of the TF objectives the research programme carried out by CARDI has 
resulted in new recommendations to sustain and increase production and productivity. 
This includes the introduction of new varieties with high yields and good storage char-
acteristics. 
A total of 15 different extension leaflets were produced for training of farmers and 
front-line personnel. Several production leaflets were produced and distributed by 
CARDI to all growers. A core of growers and front-line officers were trained in the 
techniques of onion production through workshops, field days and on-farm visits. A 
total of 25 growers were involved in the commercial production of onions in 1993. 
This compares favourably to the five farmers who planted in 1989. 
A high level of morale and motivation exists among the members of the TF because the 
activities were systematically planned and executed with inputs from all the players. 
The results have also had a positive influence on farmer\extension\research relation-
ships. 

Critical production inputs of seeds and pre-emergent herbicides, were bulk purchased 
and made available to the growers at a reasonable price. In Nevis this activity was first 
undertaken by the CARDATS project and later the Nevis Growers. In St Kitts inputs 
were procured by CARDI and the MoA. 
There has been a drastic reduction in the cost of production of onions. In 1989 it cost 
EC$1.57/kg to produce onions; in 1994 the production cost was EC$0.57/kg. Farmer 
incomes have also increased. 
A crop forecasting system was developed for onions. In 1991 a system of import re-
striction for onions was implemented once local supplies were adequate. In 1993 im-
port restriction was placed on onions from 15 March until 31 July. This action shielded 
the farmers from external competition. In Nevis marketing was done through the Mar-
keting Division. Purchasers made their requests through the Marketing Officer who 
then had the farmers fill the order. In 1993, farmers in St Kitts stated that they would 
prefer a central buyer. After discussions between the SOTF, farmers and CEMACO, an 
agreement was made by which CEMACO would purchase the entire crop grown by the 
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farmers at a guaranteed price of EC$2.09/kg. This arrangement held for several farm-
ers. But, the SOTF estimated that only 35% of the crop was sold through CEMACO. 
In 1992 exports of onions were made to Anguilla and Tortola. In 1994 two trial ship-
ments were made to Dominica under the TROPRO joint regional marketing facility, 
and in 1995, 28 t were exported. OECS export standards have been established for 
onions and a poster is under preparation. 

Because of the success of the NOTF, the TF approach has now spread to peanuts, small 
equipment, Nevis Growers, Nevis Livestock Development Cooperative, yam development 
and pineapple development. 

Problems encountered 

Blast disease was identified on two farms in 1993 and in 1994 occurred on seven farms. 
Estimated losses from the disease in 1994 were less than 5% CARDI is collaborating with 
the UWI (Cave Hill) to develop systems for management of blast disease. This research 
was started in 1995. Other important diseases identified were anthracnose in 1994 and downy 
mildew that was observed on one farm in 1995. 

The unavailability of water in St Kitts for irrigation has frustrated efforts to have lo-
cally produced onions available year round. This has restricted planting to the period Sep-
tember to January. As a result, onion is available only from February to July each year. 

There is need for a greater show of confidence in the programme by importers. Every 
year as the onion crop matures importers increase their stock of onions. When the restric-
tions are implemented the initial sale of local onions is usually slow. This has often caused 
farmers to panic and become frustrated. 

The lack of cooperation between the two islands on import restrictions has often re-
sulted in onions being imported into Nevis when a ban is in place for St Kitts and vice versa. 
This is not unique for onions, but has also happened to other crops. As a result, the cross 
movement of imported onions has occurred. 

CONCLUSIONS AND RECOMMENDATIONS 

The use of the TF approach for increasing onion development has had a positive influ-
ence on production and productivity of the crop. Onion production has moved from obscu-
rity to a position of prominence. Farmers have adopted the technology and are increasing 
their production of onions and the crop is now seen as the crop with the greatest potential 
for export development. This forecast is given against the rising interest in the crop by 
farmers, the emerging technologies being generated by CARDI, the profitability of grow-
ing the crop, the involvement and interest demonstrated by the Marketing Division and the 
OECS demand of 2,2001 per year. 

The TF is now firmly established as a mechanism for commodity development in both 
St Kitts and Nevis as reflected in the number of TF activities in the Federation. For 
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sustainability to be effected, the systems developed by the TF must be further institutional-
ized and continuously fine-tuned as the subsector develops. The formation, development 
and functioning of farmer's groups will serve as a vehicle to spearhead the continued devel-
opment within the agricultural sector. 

The number of task forces established must be limited, because of the limited man-
power. Task forces should be refocused or abandoned when they have achieved their tar-
gets. One problem created by having too many task forces is the number of visits that a 
farmer receives from different persons. The extension officers must therefore be a critical 
component of the crop monitoring teams. 

Onion development will continue to the extent that farmers would be producing for 
specific export markets. The challenges of blast disease must be continuously assessed. 
Varietal evaluations should continue to identify new introductions that can be made into the 
production system. There is a need for farmers to continue the cooperation that has been 
established with the TF. Additional strengthening can be achieved if farmers establish an 
association to enable them to have greater involvement in export marketing. 

The objectives of the TF have been achieved and a new TF, the Onion Export Task 
Force, has been established to focus on export development. 
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EVALUATION OF ONION GERMPLASM FOR YIELD 
CHARACTERISTICS IN THE US VIRGIN ISLANDS. 

S.M.A. Crossman, M.C. Palada and J.A. Kowalski 

Agricultural Experiment Station, Univ. of the Virgin Islands, RR02, Box 10,000, Kingshitl, 
St. Croix, US Virgin Islands. 00850. 

A B S T R A C T 

Onions (Al l ium cepa L.) are a very popular, culinary, import commodity in the US 
Virgin Islands. Local production is minimal. Therefore, a large market exists for onions 
grown locally. Six short-day onion cultivars, 'Contessa ' , 'Granex 33*, 'Granex 429 ' , 'Texas 
Grano 502 ' , 'Texas Grano 1015' and 'Texas Grano 1025' were field evaluated during the 
1994 and 1995 growing seasons. Parameters measured were bulb diameter, bulb height and 
yield. In 1994, Granex cultivars produced bulbs with the largest (Granex 429 ,77 .4 mm) and 
smallest (Granex 33, 69.6 mm) diameters. Bulb height varied f rom 60.4 to 76.0 m m with 
the Texas Grano cultivars producing bulbs that were taller than the other cultivars. Mean 
yields of onions were significantly higher for Texas Grano 1015 (32.4 t/ha) compared to 
Texas Grano 502 and Granex 33 with yields of 25.1 and 18.6 t/ha, respectively. Granex 33, 
the earliest maturing of all the cultivars, produced the lowest yield and the smallest bulbs. 
In 1995, Texas Grano 1015 produced the largest bulbs (diameter and height) and also the 
highest yield. Increases in yields were observed for all cultivars in 1995 when compared 
with 1994. The t ime taken for cultivars to reach maturity was also longer during the second 
year. 

I N T R O D U C T I O N 

Onions have been cultivated and used as food from the earliest periods of recorded 
history. The crop ranks as one of the most important vegetable crops. The demand for on-
ions is worldwide, and they are grown and consumed by people of all nationalities. The 
crop is grown and harvested primarily for fresh use. Except for seed production, this bien-
nial herbaceous plant is grown as an annual. The bulb, for which the crop is grown, is only 
formed when favourable conditions exist regarding day-length, temperature and the stage 
of maturity of the crop (Yamaguchi, 1983). 

Onions are probably the major culinary herbs of the world. All plant parts produce a 
strong onion odour when crushed (Purseglove, 1972), and all cultures seem to use these 
pungent bulbs to enhance the flavour of their food (Langer and Hill, 1991). The onion can 
be served in dishes in a multiplicity of ways. The immature and mature bulbs can be eaten 
raw or may be boiled, fried, stewed, baked, creamed or roasted (AVRDC, 1990). They are 
used in soups, salads, sauces and for seasoning many foods. Fried onion rings (french-fried) 
are a popular item packed, particularly for the fast-food restaurants, by the f rozen-food 
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industry. Dried onion powder and onion salt are used for culinary purposes (Purseglove, 
1992). Onions add pleasure to most meals and have found a place in most recipes (AVRDC, 
1990). 

Day-length is important in the growing of onions for bulbs. The critical day-length 
varies from 11 to 16 h and cultivars are classified according to the approximate photoperiod 
necessary to induce bulbing; short day (>12-13 h), intermediate (>13.5-14 h), long day 
{>14.5-15 h), very long day (>16 h). Bulbing occurs when the photoperiod is longer than 
the minimum day-length characteristic for the cultivar (Yamaguchi, 1983). The photope-
riod for bulbing really cannot be specified without also specifying the temperature because 
temperature also plays an important role in bulbing. Onions need high temperatures to trig-
ger their reaction to the effect of long day-length on bulb formation. TYopical onion culti-
vais can grow at temperatures between 22 and 30 °C (Messiaen, 1994). High temperatures 
seem to shorten the time necessary for the bulbing response but very high temperatures can 
retard bulbing. 

Cool temperatures and an adequate moisture supply are needed during the early growth 
stages to provide the maximum vegetative growth desired before bulbing is initiated. The 
size of the mature bulb will depend on the size of the plant at the beginning of bulbing 
(Yamaguchi, 1983). The more foliage growth, encouraged by good soil fertility, moisture 
and temperature, the more likely that good to excellent bulb yields will be obtained (AVRDC, 
1990). When conditions become favourable, the plant deposits carbohydrates in the leaf 
bases which swell up to produce the onion bulb, while the outer leaf base layers become 
papery and provide protection for the developing bulb (Langer and Hill, 1991). Hot, dry 
conditions are preferred for maturation, ripening and harvesting. 

Most onion cultivais are very sensitive to day-length and temperature and their range 
of adaptation is very limited. Consequently, cultivars should be developed for a particular 
region, and this is very important for the short days of the tropics. Introduction of any new 
cultivar should be preceded by checks to ensure that its optimal growth temperature and 
photoperiodic requirements are compatible with local climatic conditions. It is essential 
that cultivars be carefully tested under local conditions to ascertain their suitability. Culti-
vars recommended for the tropics include 'Granex' and 'Texas Grano" (Purseglove, 1972). 

Seed companies are continuing to make progress in breeding short day-length onions 
and there are cultivars adapted to tropical areas that develop bulbs in increasing day-length 
conditions of 11-13 h, or that are almost completely day neutral (Messiaen, 1994). 

Short-day cultivars are best suited for Caribbean environmental conditions but produc-
tion is restricted to the time of year when these cultivars can be planted. This means trans-
planting in December and January for harvesting in March, April and May. Because of their 
short shelf-life these cultivars are grown mainly for immediate consumption. 

Onions are grown on nearly all types of soils but do best on a sandy loam with a well-
drained clay subsoil. Transplants ensure earlier maturity, larger bulbs, greater uniformity, 
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and less competition from weeds. Because of its shallow root system, the onion plant is 
very vulnerable to loss of moisture from the upper layers of the soil. Supplemental watering 
must be provided if the crop is to maintain efficient growth (AVRDC, 1990). When the tops 
begin to fall down the bulbs are ready to harvest. 

A cultivar should be high-yielding, attractive, uniform in size, shape, colour and time 
for maturity, and resistant to diseases and pests. Attention should be given to crispness, 
juiciness, mildness or pungency, sweetness and keeping qualities of the bulbs (Purseglove, 
1972). 

Despite high priority efforts towards self-sufficiency by most Caribbean governments, 
more than 8,0001 of onions are imported annually. Constraints to self-sufficiency are sea-
sonality of production, limited availability of irrigation water, poor shelf-life of most short 
day cultivars, and pests and diseases (Chandler, 1994). Onion imports to the Virgin Islands 
during 1993 were 1,728,483 kg at a cost of US$3,342,000 from the United States. An addi-
tional $1,334,000 was spent on onions from other areas (V.l. Bureau of Economic Statis-
tics). 

MATERIALS AND METHODS 

The trials were conducted at the University of the Virgin Islands' Agricultural Experi-
ment Station, St Croix. The soil is a Fredensborg loamy, fine, carbonatic, isohyperthermic, 
shallow, typic Calciustoll (Lugo-Lopez and Rivera, 1980). 

Onion seeds of six cultivars (Contessa, Granex 33, Granex 429, Texas Grano 520, 
Texas Grano 1015 and Texas Grano 1025) were sown in Speedling trays (Speedling Mfg., 
Fl) containing Pro Mix BX (Premier Brands, PA) in October 1993 and 1994. Seedlings 
were transplanted into the field at 47 days after seeding for both trials. The experimental 
design was a randomized complete block with four replications. Plots consisted of three 
rows 3.6 m long, with a spacing of 0.3 m between plants and 0.3 m between rows. A drip 
irrigation system was installed consisting of 1,27-cm poly-hose (Hardie Irrigation) as the 
submains and 15 ml Hardie New Tape (Hardie Irrigation) with laser drilled orifices 0.3 m 
apart as the laterals. Soil moisture levels were maintained at field capacity until the crop 
approached maturity. Fertilizer was band applied at rates of 150 kg N, 100 kg Ρ and 200 kg 
Κ per ha, using ammonium sulphate, triple superphosphate and sulphate of potash, respec-
tively. All weeding was done manually and no pesticides were applied, even though spo-
radic infestations by defoliators were observed in the plots during the growing season. Mean 
maximum daytime temperatures during the 1994 growing season ranged from 28.8 °C in 
February to 30.1 °C in April. Temperatures during the 1995 growing season ranged from 
28.9 °C in March to 31.3°C in May. Onions were harvested when the tops of the plants 
began to fall over (or the necks were broken). There were two harvests in both trials because 
some cultivars matured earlier than others. Data collected were the diameter, height and 
weight of the onion bulbs. All data were analyzed using the GLM procedures of the SAS 
(SAS Institute, Cary, NC). The objective of this 2-year study was to identify high yielding, 
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consumer acceptable, onion cultivars with adaptation to local environmental conditions for 
production in the Virgin Islands. 

RESULTS AND DISCUSSION 

Granex onions harvested in 1994 produced bulbs with the largest (Granex 429, 77.4 
mm) and smallest (Granex 33,69.6 mm) diameters (Figure 1). Bulb height varied from 60.4 
to 76.0 mm (Figure 2) with the Texas Grano cultivars producing bulbs which were taller 
than the other cultivars. Mean yields of onions were significantly higher for Texas Grano 
1015 (32.4 t/ha) compared to Texas Grano 502 and Granex 33 with yields of 25.1 and 18.6 
t/ha, respectively (Figure 3). Granex 33 was the earliest maturing of all the cultivars, har-
vested at 81 days after transplanting (DAT). This cultivar produced the lowest yield and the 
smallest bulbs. 

In 1995 the second year of the study Texas Grano 1015 (Figure 1 ) produced bulbs with 
a significantly larger diameter (100.7 mm) than Contessa (80.1 mm). Texas Grano 1015 
also produced bulbs with a height of 95.1 mm, which were significantly taller than from all 
other cultivars (Figure 2). Even though Granex 33 was harvested earlier (at 127 DAT) than 
the Texas Grano cultivars the bulb diameter (96 mm) and yield (49.2 t/ha) of Granex 33 
ranked second among all cultivars 

All cultivars produced yields above 39 t/ha in 1995, with mean yields ranging from 
39.3 t/ha for Granex 429 to 53.2 t/ha for Texas Grano 1015 (Figure 3). Texas Grano 1015 
produced the highest yield of onions in both years. Increases were observed for all cultivars 
regarding yield and the time for crop maturity in 1995 compared to 1994. The yield in-
creases ranged from 31% for Granex 429 to 164% for Granex 33 and may be due to envi-
ronmental changes including temperature and day-length. The time for crop maturity was 
81-110 days in 1994 and 127-154 days in 1995. 
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Figure 1 Bulb diameter of six onion cultivars grown during the 1994 and 1995 
season 
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Figure 3 Yield of six onion cultivars grown during the 1994 and 1995 season 
Mean separation by Duncan's Mulitple Range Test, P=0.05 
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Chandler (1994) reported that onions are sensitive to small environmental changes which 
cannot only affect a cultivar 's performance from location to location but also the same 
location from year to year. Yields obtained in these trials are comparable to yields from 
other Caribbean countries which ranged f rom 17 t/ha in Montserrat to 45 t/ha in Barbados 
(Leach, 1991). 
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Contessa is a white skinned cultivar and as such can be marketed as a specialty onion. 
Granex 33 produced very good yields in 1995 compared to low yields in 1994. The perfor-
mance of this cultivar in 1995 merits further evaluation regarding its potential as a recom-
mended cultivar. It is the earliest maturing of all the cultivars tested, harvested 1 month 
before the Texas Grano cultivars in both years. This early maturity characteristic of Granex 
33 can have significant economic advantages. The cultivar will be early on the market and 
can command a premium price until the other cultivars mature. Less labour, especially for 
weeding, would have been required to produce the crop also less water used for irrigation. 
The land is made available to the fanner at an earlier date so that another crop can be grown 
instead of waiting for another onion cultivar to mature. 

CONCLUSIONS 

These studies have clearly demonstrated the potential for onion production in the Vir-
gin Islands. Farmers can now make economic decisions regarding which cultivar(s) to plant. 
They can plant cultivars with varying maturity to ensure a longer period of availability of 
fresh local onions on the market. This can be accomplished by planting both Granex and 
Texas Grano cultivars. 
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ABSTRACT 

Several multi-locational varietal trials were carried out by CARDI in St Kitts and Nevis 
for the period 1992 to 1994. Because of these trials, the variety Texas Grano was replaced 
with new short-day cultivars. The new varieties, H7, H9, H60, H202 and PSX 2789, have 
been successfully introduced into the onion production systems and in 1995 accounted for 
over 95% of commercial production. 

INTRODUCTION 

Onion is the second most important vegetable imported into St Kitts and Nevis after 
White potatoes and in 1990, 2501 of onions were imported at a cost of over EC$480,000. 
The replacement of 50% of imports as targeted by the Onion Task Force represents an 
opportunity for farmers to increase their income. In 1991 a study of the onion {Allium cepa) 
production system by the Caribbean Agricultural Research and Development Institute 
(CARDI), revealed that a major constraint to increased production was that the current 
commercial variety Texas Grano, gave low yields and had poor storability (CARDI, 1993a). 
In order to achieve 50% replacement of imports by the 1995/96 production season it was 
necessary to evaluate and introduce new varieties into the production system. 

In a varietal evaluation of 1991, the varieties Special 38 and Granoble produced higher 
yields than H7 and Texas Grano (CARDI, 1993b) Further evaluations were necessary to 
screen new varieties that combined high yields with good storability. This paper reports on 
the evaluation and introduction of the new varieties in St Kitts and Nevis during the produc-
tion seasons 1992/93 and 1993/94. 

MATERIALS AND METHODS 

Onion varieties 

The sources and characteristics of the varieties tested are presented in Table 1. Most of 
the varieties tested were recommended by the CARDI Barbados Unit. Additionally, samples 
from Peto Seed Company were obtained from the Department of Agriculture, St Kitts. 

117 



Experimental sites 

The soils at the research sites in Nevis were predominantly clay loams with good water 
retention while those in St Kitts were sandy loams with poor water retention. At all sites the 
major crops planted before onion were vegetables. Details of the sites used for field experi-
ments throughout the investigations are presented in Table 2. 

Table 1 Varieties, seed supplier and years tested 

Cultivar Seed supplier Years tested 

Arad (H60) Hazera Seed Ltd. 1992-94 
Ben Shemen Hazera Seed Ltd. 1992-94 
Barak (H8) Hazera Seed Ltd. 1992-93 
Elad (H9) Hazera Seed Ltd. 1993-94 
Grandstand (H7) Hazera Seed Ltd. 1992-94 
Granoble Peto Seed Co. Inc.. 1992-93 
Mercedes (PSX2789) Peto Seed Co. Inc. 1993-94 
Sivan (H202) Hazera Seed Ltd. 1992-94 
Special 38 ARCO Seed Co. 1992-94 
Texas Grano 502 Peto Seed Co. Inc. 1992-94 

Table 2 Description of sites used for onion trials, 1992-94 

Study Farm Location Soil type Altitude 
number (m) 

1 Danny Liburd 1 Cades Bay (N) Clay loam 10 
Phipps New River (N) Clay loam 15 
Seabrooks Molyneaux (S) Sandy loam 165 
CARDI Mattingley (S) Sandy loam 65 

Taylors (S) Sandy loam 27 

2. Green hill Greenhill (S) Sandy loam 300 
Bayfords Bayfords (S) Sandy loam 325 
Newman Mattingley (S) Sandy loam 120 

3. CARDI Taylors (S) Sandy loam 27 
Greenhill Greenhill (S) Sandy loam 300 
Cades Bay Cades Bay (S) Clay loam 10 
New River New River (S) Clay loam 15 

(N) = Nevis; (S) = St Kitts 
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Experimental design and analysis. 

The experimental design was a randomized complete block with a minimum of three 
replicates per farm. Plots were 2 m2 in area and the experimental units were 1 m2. Analysis 
of variance was carried out for marketable yield, number of marketable bulbs and bulb size. 
The ANOV Program (CARDI) was used for statistical analysis of the data. 

Crop management 

Onions were seeded on well prepared raised beds using a garden seeder. A seeding 
depth of 1.5 to 2 cm and a seed rate of 5.5 kg/ha was used. Five rows were planted on a 1 m 
bed with 20 cm between rows. Weeds were controlled by using DCPA (Dacthal W75) four 
days after seeding (DAS) at a rate of 12 kg/ha This was followed at 30 DAS by pendimethalin 
(Prowl) at 5 L/ha. Each plot received one application of oxyflourefm (Goal) at 0.25 L/ha to 
control established broadleaf weeds. Manual weeding was carried out when necessary but 
did not exceed two operations per plot. 

The plants were fertilized at 21 DAS with NPK (15-15-15) at 538 kg/ha. Sulphate of 
ammonia (148 kg/ha) and muriate of potash (70 kg/ha) were applied together at 42 and 56 
DAS. Pest and disease control were carried out when required. The onions were harvested 
when about 75% of the tops had fallen over. The observations recorded included market-
able and unmarketable weights per plot, bulb size and days to maturity. 

Storage 

Mature, healthy bulbs from each variety were selected, graded and placed in netted bags on 
onion racks. The racks were placed indoors under ambient conditions. Bulbs suffered weight 
loss due mainly to sprouting, soft rot (Erwima spp.), black mould (Aspergillus spp.) and 
dehydration. Total weight loss was recorded at monthly intervals for a period of 4 months 
after the establishment of the trial. 

Specific trial details 

Study 1 : Evaluation of eight onion varieties, 1992/3 

A trial was established in November 1992 using eight varieties (H7, H60, H9, H202, 
H8, Special 38, Granoble, Benshemen) and Texas Grano 502 as control on four farms in St 
Kitts and one farm in Nevis. The plots were harvested by 31 March 1993. Two replicates of 
100 bulbs of each variety were placed in storage. 

Study 2: Validation of four onion varieties, 1993/4. 

The four new promising varieties, H7, H9, H60 and H202, were validated at Bayfords, 
Mattingley and Green Hill in St Kitts. The plots were established between 12 and 30 
December 1994. On each farm the design was a 4 χ 4 latin square. The method of establish-
ment and the other details were similar to those described earlier. All the data were analyzed 
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using the CARDI Program No 2 ANOV version 6. Analysis was also conducted using non-
traditional methods to account for spatial variation amongst plots. 

Study 3: Evaluation of eight varieties, 1993/4. 

This trial was established on two farms in Nevis and two farms in St Kitts. The plots 
were planted between 23 November and 14 December 1993. The varieties used were H7, 
H9, H60, H202, Ben Shemen, Special 38, Granoble, Texas Grano and PSX 2789. This trial 
was laid down as 8 χ 4 latin squares. 

Cured sound bulbs of the eight varieties were selected and separated into two bulb 
sizes; large and small to medium. Large bulbs were no less than 6.35 cm in diameter while 
small to medium bulbs were larger than 3.20 cm but less than 6.35 cm. The number of 
replicates per variety and size category varied, but the minimum number of replicates for 
any single variety was three. The data were analyzed using SAS statistical programme. 

RESULTS 

Study 1: Evaluation of eight onion varieties, 1992/3 

Results from the trials are presented in Tables 3, 4 and 5. The occurrence of 'blast' 
disease at CARDI reduced yields at that site. The mean marketable yield for Texas Grano 
502 across all farm sites was significantly lower than those for H7 and Special 38. The 
largest mean bulb size was obtained for Special 38. However, this was only significantly 
larger (P < 0.05) than that for H8. Bulb size was heavily influenced by plant stand and 
nutrition. The number of split bulbs for H8 is suggested for the smaller bulb size. 

At Liburd the marketable yields for H7 and H9 were significantly higher than for the 
other varieties (Table 3). At Seabrookes H7, H202 and Special 38 produced marketable 
yields significantly (P < 0.05) higher than the other varieties. At Phipps H7, H202 and H60 
produced the highest marketable yields (P < 0.05). 

H60 produced consistently high yields and large bulbs (Table 4) on all farms and 
matured about 10 days later than H7. Variety H9 matured the earliest (95 DAS) while 
Ben Shemen was the latest maturing at 157 DAS (Table 5). Bulbing of Ben Shemen only 
occurred on the farms at Liburd and Seabrookes. 

After 3 and 4 months in storage, H60, H202, H7 and H9 recorded the lowest percent-
age weight loss. These losses were significantly (P < 0.05) lower than the other varieties. 
Throughout the storage trial Special 38 and Texas Grano 502 recorded the highest storage 
losses (Table 5). 
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Table 3 Study 1 : Mean marketable yields (kg/plot) for nine onion varieties on five sites in 
St Kitts and Nevis 

Variety CARDI Peets Phipps Seabrookes Liburd Variety mean 

H7 0.49 2.08 1.63 8.08 3.83 3.22 
Gran ob le 0,84 2.05 0.99 5.03 1.38 2.06 
Texax Grano 0.58 1.88 2.49 4.08 1.58 2.12 
H8 0.50 1.16 1.48 3.73 0.83 1.54 
H9 0.39 1.44 0.49 4.22 2.93 1.89 
H60 0.95 1.69 2.62 5.96 2.13 2.67 
H202 0.66 2.28 1.73 7.26 1.33 2.65 
Special 38 1.06 2.69 1.06 6.86 2.35 2.80 
Ben Shemen 0 0 0 4.45 1.63 1.22 

Site mean 0.61 1.70 1.39 5.52 2.00 
SE (24 df) 0.25 0.44 0.48 1.25 0.54 

SED (32 df) for overall variety mean = 0.52 
SED for site mean = 0.39 

Table 4 Study 1 : Mean marketable bulb size (g) for nine varieties of onion at five sites 

Variety CARDI Peets Phipps Seabrookes Liburd Variety mean 

H7 31.60 43.10 32.82 60.98 97.49 47.20 
Granoble 38.18 39.80 50.33 57.35 89.30 54.99 
Texax Grano 30.52 45.57 31.05 57.89 87.78 50.56 
H8 31.25 25.21 42.28 46.92 40.00 37.13 
H9 30.00 37.64 31.11 47.55 102.80 49.82 
H60 35.50 38.85 45.96 55.44 95.73 54.30 
H202 30.34 55.60 45.92 49.14 93.33 54.87 
Special 38 25.54 59.12 33.12 53.59 108.05 55.88 
Ben Shemen 0 0 0 42.48 65.20 21.54 

Site mean 28.10 38.32 34.73 52.37 83.30 

SE (24 df) 6.45 17.93 9.11 7.49 21.37 

SED (32 df) for overall variety mean = 7.22 
SED for site mean = 5.38 
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Table 5 Study I: Percentage weight loss of onion varieties in storage 

Cultivar 1 month 2 months 3 months 4 months 

H7 4.97 10.41 23.80 31.27 
Granoble 13.62 27.67 39.16 41.20 
Texas Grano w.67 20.11 34.02 38.14 
H8 1.88 13.67 20.80 23.48 
H9 3.74 11.95 27.92 29.54 
H60 9.45 25.53 46.87 53.65 
H202 23.64 31.18 57.97 65.75 
Special 38 17.00 39.55 54.03 59.29 
Ben Shemen 6.65 26.30 40.70 -

SED 7.28 9.17 9.38 10.05 
df 9 9 9 8 

Study 2: Validation of four onion varieties, 1993/4. 

The results are provided in Tables 6 and 7. In Study 2 there were no differences in the 
mean marketable yields across all farms. 

An examination of total and marketable yields showed no real difference in the perfor-
mance of the varieties. There were significant differences between the varieties in the time 
to maturity at both Bayfords and Newman. At Bayfords the earliest maturing variety was 
H9 (94 days) followed by H7, H202 and H60. At Newman there was no difference in matu-
rity time between H9 and H7 but H202 was the earliest maturing. 

Table 6 Study 2: Marketable yield (kg/plot) of four onion varieties evaluated in St Kitts 
and Nevis 

Variety Bayfords Newman Greenhill Variety mean 

H7 2.86 3.21 1.06 2.37 
H9 2.92 3.29 0.82 2.34 
H60 2.35 3.80 0.93 2.35 
H202 3.01 3.50 1.18 2.56 

Site mean 2.78 3.45 0.99 

SED ( 15 df) 0.19 0.30 0.13 

SED (6 df) for overall variety mean = 0.22 
SED for site mean = 0.19 
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Table 7 Days to maturity of four onion varieties 
evaluated in St Kitts and Nevis, 1993/94 

Variety Newman Bayfords 

H7 96.38 107.75 
H9 94.00 110.13 
H60 113.75 125.63 
H202 105.63 106.51 

SED (15 df) 1.92 3.22 

Study 3; Evaluation of eight varieties, 1993/4. 

In Study 3 the mean marketable yield across all farms was lowest for Texas Grano 502 
and this was significantly lower than the other varieties except for H202, and H60. 

The yield results, presented in Tables 8 and9, indicate that there were differences in the 
marketable yield of varieties on all farms. There were definite significant differences amongst 
varieties for days to maturity with PSX 2789, H9 and H7 being the earliest. The results were 
consistent for all farms. 

Table 8 Evaluation of eight onion varieties in 
St Kitts and Nevis 1993/94. 
Days to 50% maturity 

Variety CARDI Greenhill 

H9 69.89 81.34 
H7 73.69 79.61 
Special 38 81.85 96.56 
PSX 2789 67.78 75.67 
Granoble 95.71 99.04 
H202 96.83 103.03 
H60 95.25 103.39 
Texas Grano 95.24 102.11 

SED ( 14 df) 1.98 2.11 
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Table 9 Evaluation of eight onion varieties in St. Kitts and Nevis 1993-94. 
Marketable plot yield (kg) 

Variety CARD I New River Greenhill Cades Bay Variety mean 

H9 4.91 4.35 2.49 4.38 4.03 
H7 5.03 2.77 3.29 6.05 4.29 
Special 38 4.66 5.72 3.00 7.10 5.12 
PSX 2789 4.20 3.75 2.28 6.04 4.07 
Granoble 4.47 2.78 2.58 3.43 3.32 
H202 4.21 3.44 2.47 6.16 4.07 
H60 3.46 2.89 1.98 6.29 3.66 
Texas 502 3.71 1.14 2.18 5.80 3.21 

Site mean 4.33 3.36 2.53 5.66 

SED (14 df) 0.48 0.77 0.28 0.56 

SED (21 df) for overall variety mean = 0.61 
SED for site mean = 0.43 

There were significant differences between the varieties in storage at 3 and 4 months 
for both number of bulbs and bulb weight. PSX 2789 and H7 recorded the lowest weight 
loss in storage while Special 38 and Texas Grano recorded the highest (Table 10). The 
smaller bulbs stored better than the large bulbs at both 3 and 4 months (Table 11). 

Table 10 Percentage of sound bulbs loss after 3 and 4 months in storage 

Variety % at 90 days SEM %at 120 days SEM 

H60 24.36 (8) 3.72 32.76 (8) 4.68 
H9 16.86(8) 3.72 24.38 (8) 4.68 
H7 14.90 (9) 3.51 21.12 (9) 4.41 
Texas Grano 50.26 (3) 6.08 64.24 (3) 7.64 
Granoble 20.01 (3) 6.08 47.24 (3) 7.64 

PSX 2789 11.50 (5) 4.71 18.58 (5) 5.92 

H202 24.72 (9) 3.51 32.28 (9) 4.41 

Special 38 28.51 (4) 5.26 37.74 (4) 6.61 

mean square error at 90 days = 110.85 
mean square error at 120 days = 175.0 

() No of replicates 
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Table 11 Percentage bulb number and weight loss after 3 and 4 months in storage for 
large and medium size onion bulbs 

Bulb size % bulbs at 
90 days 

% weight loss 
at 90 days 

% bulbs at 
at 120 days 

% weight loss 
at 120 days 

Large 27.39 33.06 39.70 45.75 

Medium to small 20.40 28.10 29.88 36.58 

SED 0.05 0.20 .03 0.04 

DISCUSSION AND RECOMMENDATIONS 

The marketable yields for the varieties H7, H60, H202 and Special 38 were consis-
tently better than those of Texas Grano 502. Similar results were obtained in Montserrat 
(Weekes and Ross, 1994). There were variations for marketable yield for a particular 
variety between sites; these differences may be the result of the management practices and 
inherent soil fertility at the sites. 

There was consistency in the maturity time for varieties at individual sites. The earliest 
maturing varieties tested were PSX2879 , H9, H7 and H202 and these matured significantly 
earlier than Texas Grano 502. The differences in maturity time between two sites can be 
accounted for by the differences in elevation and temperature. The higher altitudes are known 
to have a lower temperature than the low elevations. Abdaila (1967) noted that at lower 
temperatures the time to maturity of onion bulbs increases. 

Following the results of Study 1 it was decided that for the 1993/94 season, H7 should 
be recommended as the major commercial variety and that H9, H60 and H202 should be 
introduced into the production system albeit in small plots. It was observed that H8 pro-
duced many thick necks and split bulbs and that its yields were low. No further evaluation 
was neccssary for H8. Variety Ben Shemen was recommended for further testing because it 
bulbed later and therefore could be used in extending the production season. A recommen-
dation was made for testing new varieties as they were made available. 

The earliest varieties (H9, H7 and PSX 2789) also exhibited the best keeping quality. 
The performance of PSX 2789 was encouraging since this variety produced high yields, 
matured early and stored well. 

It was recommended that farmers should plant varieties with different maturity periods 
to provide an extension in the harvesting and marketing of the crop. 

Following the results from the storage trials. Special 38, Granoble and Texas Grano 
were not recommended for further commercial production and in the 1994/5 crop these 
varieties were not commercially produced. Seed of Special 38 was also not available for 
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commercial production after 1993 because the company (ARCO) ceased production of the 
variety (F. Chandler, personal communication). 

The three varieties, H7, H9 and H60, were commercially produced and should remain 
in the production system. The variety PSX 2789 with its high marketable yield, earliness 
and good storage life was recommended in the 1994/5 season for limited commercial pro-
duction. This variety had been tested and recommended for production in Barbados in the 
1993/94 season (Chandler, 1994). 

The trials were supported by on-farm demonstration plots that served to introduce farmers 
to the varieties recommended for commercial production. Twelve demonstration plots were 
established between the 1992/93 and 1993/94 production seasons. The 1995 onion crop 
totalling 128 t was estimated to comprise 70% H7, 20% H9, 7% PSX 2789 and 3% H202. 
H60, although highly recommended, was not produced in 1994 and 1995 because of the 
unavailability of seed early in the cropping season. Ben Shemen is recommended for 
planting after February but has not been produced because of the shortage of water for 
irrigation. 

The introduction of the new varieties has contributed to an increase in production from 
7,5 t in 1991 to an estimated 128 t in 1995. The period of availability of onions on the 
domestic market has increased from 2 to 5 months (CARDI 1994) with planting occurring 
from September to January, The better storability of the new varieties has contributed to the 
reduction in post-harvest losses from 40% in 1992 to an estimated 15% in 1995. These new 
varieties have made it possible for export trials to Dominica. The average marketable yield 
of onion has increased from an 7.5 t/ha in 1991 to 15 t/ha in 1994. 

The screening of new varieties is continuing and it is expected that further introduc-
tions will be made in the future. 
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ALTERNATE HOSTS TO Xanthomonas camp est ris, 
THE CAUSAL AGENT OF A LEAF BLIGHT OF ONION 
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The University of the West Indies, P.O. Box 64, Bridgetown, Barbados. 

ABSTRACT 

The response of pepper, tomato, corn, French bean, soybean and winged bean to strains 
of Xanthomonas campest ris causing a leaf blight of onion was assessed. French bean, soy-
bean and winged bean were identified as alternate hosts of the bacterium. This is the first 
known report on alternate hosts to the bacterium. 

INTRODUCTION 

A leaf blight of onion (All/wm ce pa. L.), caused by Xanthomonas campestris is a seri-
ous disease in Barbados (Paulraj, 1991; Paulraj and O'Garro, 1993). The disease has re-
cently appeared on the neighbouring islands of St Kitts and Nevis, where the onion industry 
is expanding. Onion output is also expanding on several other Eastern Caribbean islands 
and there is concern that the leaf blight will eventually constrain the expansion. 

Efforts to control the leaf blight utilize sprays of copper and/or zinc-based bactericides 
including Cuprasan, Manzate, Champion and Vandozeb. The bactericides are generally in-
effective in Barbados because of widespread resistance to them in the pathogen population 
(Paulraj and O'Garro, 1992). Failure of chemical control of the leaf blight has focused 
attention on alternative disease control measures, notably the use of resistant onion geno-
types and crop rotation. 

The present study reports on alternate hosts and resistance in onion to onion strains of 
X. campes im. 

MATERIALS AND METHODS 

Pathogen culture 

X. campestris strains G6, F58A and W4 were used in this study. The strains were iso-
lated from diseased onion and characterized based on cellular fatty acid composition and 
other biochemical and physiological tests (Paulraj and O'Garro, 1993). The bacterium was 
routinely cultured on nutrient agar or in nutrient broth (Difco). Suspensions for inoculations 
were prepared by growing the bacterium overnight in nutrient broth at 28-30 ^ on a rotary 
shaker set at 220 oscillations per min. Bacterial pellets were collected following centrifuga-
tion at 10,000 g for 10 min, washed twice and then resuspended in sterile distilled water 
(SDW). The suspension was adjusted to 106 cells/ml and used as inoculum. 
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Culture and inoculation of potential hosts 

(a) Laboratory studies 

Tomato (Lycopersicon escutentum Mill.) cv. Walter, pepper (Capsicum annuum. L) cv. 
Calwonder 300 TMR, corn (Zea mays L.) cv. Pioneer, French bean {Phaseohts vulgaris L.) 
cv. Green Crop, Soybean (Glycine max. (L.) Merr.) cv. Davis and an unknown cultivar of 
winged bean (Psophocarpus tetragonolobus (L.) DC.) served as potential hosts of onion 
strains of X. campestris in this study. Plants were grown, one per pot ( 10 χ 10 cm) in steril-
ized potting compost (Yates, New Zealand) and inoculated when 7 or 8 weeks old. All 
plants were maintained in a plant growth chamber set at 26-28 °C, 85-95% relative humid-
ity and a 12 h photoperiod maintained by fluorescent lamps of total light intensity of 1,020 
μΕ/s per m2. 

Plants were inoculated by spraying abaxial and adaxial surfaces of leaves to run-off 
with a bacterial suspension (10s cells/ml). Control plants were sprayed with SDW, All treated 
plants were kept under the host culture conditions described above and misted at 6-h inter-
vals for 10 min with tap water to provide high humidity. Three plants of each genotype were 
treated with each strain of the bacterium and observed daily for symptoms. The experiment 
was repeated twice. 

(b) Field studies 

Onion, cv. Yellow Granex, was grown from seed sown directly in three raised soil beds 
80 cm wide by 30 cm apart. After germination, 4-week-old seedlings were sprayed with a 
suspension (106 cells/ml) of onion strains of X. campestris to induce the leaf blight and 
used to infest soil with the bacterium by ploughing affected plants into soil beds. Seeds of 
potential host plants of the bacterium were sown directly into infested soil and the ensuing 
plants misted regularly with water over a 6-week period and observed for the appearance of 
disease. Each plant genotype was arranged in a random design with three replicates of six 
plants and tested in soil beds each infested with a different strain of the bacterium. Plants 
serving as controls were grown in an uninfected soil bed. The experiment was repeated 
twice. 

Leaf sections, incorporating disease lesions were excised and processed for the isola-
tion of presumptive onion strains of X. campestris as described above, except that nutrient 
agar was amended with the appropriate amounts of relevant antibiotics required to select 
each strain of the bactcrium (Table I). 
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Table I Characteristics of onion strains of Xanthomonas 
campestris used in the study 

Strain Antibiotic resistance* 

F58A Strep. Rif. A m p 
G 6 Amp. Rif. Srep 
W4 Tet. Rif. Strep 

"The minimum concentrations of streptomycin (Strep), rifampicin (Rif), 
ampicillin (Amp) anc! tetracycline (Tel) to which strains are insensitive 
are 100, 30, 50 and ΙΟμ^πιΙ respectively. 

Identification of pathogen 

Presumptive xanthomonads were tested for the presence of xanthomonadins (Schaad 
and Stall, 1988). Five strains of presumptive X. campestris obtained from lesions on each 
suspect alternate host tested with strain F58A, G 6 o r W 4 were also tested on Yellow Granex 
by a pin-prick method previously described (Paulraj and O'Garro, 1993). Treated plants 
were kept under humid conditions in a plant growth chamber and observed for symptoms. 

RESULTS 

Disease symptoms on plants tested in the laboratory appeared on French bean, soybean 
and winged bean 6 - 8 days after inoculation. Symptoms on French bean initially appeared 
as watersoaked lesions on the abaxial surface of leaves. Lesions were later surrounded by 
yellow halos, which gave leaves an overall yellowish appearance. As the disease advanced, 
lesions became necrotic and many coalesced to form large areas of brown tissue. 

On winged bean, symptoms were first observed on the abaxial surface of leaf tips as 
watersoaked lesions that advanced rapidly to entire leaves and young stems within 9 days. 
Advanced stages of the disease were associated with extensive necrosis and/or chlorosis of 
tissues. 

Symptoms on soybean appeared as yellowing of the margin of leaves. The yellow areas 
expanded and were replaced by extensively necrotic tissue 2 weeks after infection. Yellow-
ing and necrosis of intercostal sites was also observed on some infected leaves. 

Of plants tested in infested soil, only legumes were affected by disease. Visible symp-
toms appeared within 3 .5 -4 weeks after planting and were similar to those on plants treated 
in the laboratory. However, French bean and winged bean were most severely affected by 
disease in the field. 

Ail bacterial strains obtained from French bean, soybean and winged bean treated with 
onion strains of X. campestris induced watersoaking on Yellow Granex. In contrast, plants 
of each genotype serving as controls were free of visible disease symptoms. 
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DISCUSSION 

Recent elucidation of X. campestris as causal agent of a leaf blight of onion (Paulraj, 
1991 ; Paulraj and O'Garro, 1993) has made it possible to identify alternate hosts and resis-
tance in onion to the bacterium. Three xanthomonads, X. campestris pv. glycines, X. 
campestris pv. phaseoli and X. ccampestris pv. vignicola, all of which are pathogenic on 
genotypes in the Leguminosae (Bradbury, 1986), are most closely related to X. campestris 
from onion on the basis of fatty acid analysis (Paulraj, 1991; Paulraj and O'Garro, 1993). 
The possibility that the relatedness between onion strains of X. campestris and these other 
xanthomonads might also be indicated by their host range was investigated in the present 
study. French bean, soybean and winged bean have been selected for study as members of 
the Leguminosae. Moreover, the two former genotypes are also natural hosts of X. campestris 
pv. glycines and X. campestris pv. phaseoli (Bradbury, 1986). Tomato, pepper and corn 
were chosen as non-leguminous hosts. They also represent hosts of xanthomonads (Bradbury, 
1986) less closely related to onion strains of X. campestris. The study shows that French 
bean, soybean and winged bean are hosts of X. campestris from onion. The use of fatty acid 
composition to predict the host range of a phytopathogenic bacterium has not been previ-
ously reported. It would be of interest to test other legumes for susceptibility to the bacte-
rium. Onion should also be tested with X. campestris pv. phaseoli and X. campestris pv. 
glycines to determine if it is a host to these xanthomonads. 

The present study provides useful information for the control of the leaf blight of onion 
caused by X. campestris. French bean, soybean and winged bean should not be rotated with 
onion in fields infested with the leaf blight as each has the potential to maintain inoculum of 
the pathogen. Onion cultivars, H-942 and H-502 appear resistant to the leaf blight and 
should be introduced in Barbados. 
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ORGANIC AND SYNTHETIC MULCHES AFFECT YIELD 
OF BASIL UNDER DRIP IRRIGATION 

Manuel C. Palada, Stafford M.A. Crossman and Jacqueline A. Kowalski 
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ABSTRACT 

Yields of most vegetable crops have been improved by the beneficial effects of drip 
irrigation and mulching. The use of these crop management techniques reduces water use, 
increases water-use efficiency and improves yield and quality of vegetable crops. These 
benefits are significant in the Virgin Islands where water is a major limiting resource in crop 
production. Field experiments were conducted in 1991 and 1993 to evaluate the effects of 
organic and synthetic mulches on yield of basil (Ocimum basilicum L.) under drip irriga-
tion. Basil was grown in plots with organic (compost or straw) and synthetic (black plastic 
or black fabric) mulches. A no-mulch control plot was also included. All plots were drip-
irrigated to maintain soil moisture tension at 30 kPa. In 1991, total plant fresh and leaf fresh 
and dry weights were highest in the compost mulch treatment. Fresh and dry basil yields in 
plots with black plastic mulch were almost identical with those in compost mulch, but did 
not differ from other treatments. In 1993, total plant and leaf fresh yields from plots under 
organic mulches were significantly higher than yields from plots with synthetic mulches. 
All mulch treatments resulted in lower water use, increased water use efficiency and lower 
weed population than the control (bare soil). Organic mulches reduced surface soil tem-
perature by 2 to 5 °C. This study demonstrates the potential of organic mulches for improv-
ing production of herbs in the Virgin Islands. 

INTRODUCTION 

The climate of the US Virgin Islands (USVI) can be considered semi-arid tropic. Al-
though the annual rainfall averages more than 1000mm, potential évapotranspiration ex-
ceeds precipitation 10 to 11 months of the year, resulting in a negative water balance. Thus, 
water is a major limiting resource in crop production. Without supplemental irrigation, 
commercial production of high value crops such as vegetables and herbs is not economi-
cally feasible. 

Herbs and spices are commonly grown by small-scale growers in the Virgin Islands 
and sales from herbs contribute a significant portion to their cash income. In spite of the 
limited water resources, traditional practice of growing herbs in the USVI requires frequent 
watering by sprinkler cans or garden hoses. This practice is inefficient and involves high 
labour and water use. During the early to mid-1980s, drip irrigation was introduced to the 
USVI. Studies at the University of the Virgin Islands* Agricultural Experiment Station indi-
cated that drip irrigation was more advan tageous than traditional practices in terms of labour, 
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water use, efficiency and cost (Navarro, 1987, 1989; Navarro and Newman, 1989; Palada 
et al., 1995). 

Integrating drip irrigation with mulching can further conserve water by reducing water 
use, évapotranspiration, weed control and increasing overall water and fertilizer use effi-
ciency (Goyal et al., 1984; Locascio et al., 1984; Bhella, 1986; Clough et al., 1987; Barker, 
1990; Lamont, 1993). Most of these studies, however, were done on major vegetable crops 
rather than herbs. The choice of mulching material may also influence the response of herbs 
to drip irrigation. Mulches can be broadly grouped into organic and synthetic. For small 
herb growers with limited resources, selection of appropriate mulching materials also de-
pends on other criteria such as availability, cost, effectiveness in controlling weeds and soil 
borne pests and diseases, affect on soil temperature, nutrient contribution, durability and 
environmental concerns, that is, whether the material can be recycled or not. Based on these 
criteria, organic mulches seem to have more desirable features than synthetic mulches and 
may be attractive to small-scale growers. Except for weed control and durability, organic 
mulches offer some advantages. 

Although available soil water has a strong influence on plant growth and yield perfor-
mance, there is little information or studies on the effects of mulching on available water, 
water use and growth of herbs. Palada et al. (1993a) reported that basil grown with organic 
mulch such as compost produced yields that were comparable or higher than synthetic 
(black plastic) mulch under drip irrigation. They observed that total water use was highest 
with black plastic mulch, followed by compost mulch. Plots with grass straw and weed 
barrier ground cover had the least water use. Davis ( 1994) found that the incidence of bac-
terial soft rot (Erwin/a spp.) was highest in sweet and bush basil grown with wheat straw, 
but the disease was also high on sweet basil under black plastic mulch and bare ground. In 
studies with thyme, Collingwood et al. (1991) reported that yields were reduced under plots 
with black plastic mulch due to a higher incidence of soil borne diseases as compared with 
plots with no mulch. This result was confirmed by Palada et al. (1993b) who found that total 
fresh yield of thyme from plots without mulch was higher than mulched plots. They con-
cluded that mulching with plastic mulch was not beneficial to thyme since it promotes the 
development of soil fungal diseases. 

The effects of organic and synthetic mulches on growth and yield of vegetables and 
herbs can vary widely depending on the growth stage, species or cultivar, type and condi-
tion of the mulching material and season. Schales and Sheldrake (1966) reported no sig-
nificant differences in musk-melon yields from plants mulched with clear or white plastic 
compared with plants mulched with peat moss. When straw mulch was compared with 
clear, white or black plastic mulch in another year, musk-melon yields were higher in all 
plastic mulches (Schales and Sheldrake, 1966). In a study on the influence of organic and 
living mulches on growth and yield of bell pepper and winter squash, Roe et al. (1994) 
found that pepper yields from organic mulches were comparable with those under plastic 
mulch despite a reduced plant stand in plastic mulch due to Phytophthora capsici. 
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This study was carried out with the following objectives: to determine the effect of 
various mulching materials on yield and water use of basil under drip irrigation; to compare 
water-use efficiency by basil grown with organic and synthetic mulches; to observe the 
influence of mulches on soil moisture, temperature and weed growth. 

MATERIALS AND METHODS 

The study was conducted at the Agricultural Experiment Station, University of the 
Virgin Islands in St Croix, USVI (Lat. 17o42'N and Long. 64°48'W). The soil is Fredensborg 
loamy, fine carbonatic, isohyperthermic, shallow typic calciustolls. The average annual 
rainfall is 1016mm. The first experiment was conducted from 2 August to 11 December 
1991 and the second experiment from 28 September 1993 to 15 January 1994. 

The treatments consisted of two types of mulching material (organic and synthetic). 
Compost (CM) and dry grass straw (SM) were organic mulches, whereas black plastic (BP) 
and black fabric (BF) were synthetic mulches. The compost mulch was prepared from a 
mixture of vegetable crop residues and sheep manure, while the straw mulch was made 
from dry pangola grass. Both organic mulches were applied at 5 to 10 cm thick on top of the 
plots. The black plastic mulch was made of 1-mil polyethylene plastic, while the black 
fabric was a synthetic weed barrier ground cover permeable to water. A control plot (CO) 
with no mulch (bare ground) was included in the treatments. 

The experiments were established using a randomized complete block design with four 
replications. Each treatment plot measured 1.2 m wide and 2.1 m long (2.52 m2) in the 1991 
trial and 0.9 χ 2.1 m (1.89 m2) for the 1993 trial. For both trials, 30-day-old basil seedlings 
were transplanted in three rows in each plot. Plant spacing in 1991 was 40 cm (row) and 30 
cm (plant), whereas in the 1993 trial, spacing was 30 χ 30 cm. 

All plots were drip-irrigated with soil moisture maintained at 30 kPa as measured by 
soil tensiometers (Irrometer, Riverside, CA) installed at 15 cm depth. The drip system con-
sisted of main and submain lines made of 15 mm black polyethylene hose. The laterals were 
made of 15 mm drip strip with laser-drilled orifices (emitters) 30cm apart. Plants were 
fertilized with 100 kg N, 50 kg P 2 0 5 and 40 kg Κ.,Ο/ha using urea, triple superphosphate 
and muriate of potash. Nitrogen fertilizer was split-applied four to five times during the 
growing season. 

Soil temperature was monitored at 5, 10 and 15 cm depth using a soil thermometer 
(Reotemp Inst. Co φ.., San Diego, CA). Soil temperature was measured once a week at 3.00 
p.m. In 1993, soil moisture content was determined weekly at 15 cm depth using a Sentry 
200-AP moisture probe (Troxler Electronic Lab. Inc., Research Triangle, NC). Measure-
ment was performed between 2.00 and 3.00 p.m. each week for 6 wk. At the end of the 
experiment, total water use was determined from the initial and final readings of the flow-
meters installed in each treatment. 
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Basil was harvested four times in 1991 and three times in 1993/94. Only the middle 
row was sampled for plant height and yield data. At each harvest, plant height was mea-
sured, total plant, leaf and stem fresh weights were determined. Samples were then oven-
dried at 80 "C for determination of dry matter content. Weeds were sampled from each plot 
twice in 1991 and three times in 1993. Weeds were counted and total fresh and dry matter 
weights were determined. 

Analyses of variance were performed for data on soil temperature, soil moisture, weed 
dry weight, plant height, leaf and stem fresh and dry weights using the Statistical Analysis 
System (SAS). Differences between treatment means were determined using Duncan's 
Multiple Range Test. Water use and cost efficiencies were calculated using data on water 
use, cost and dry matter yield. Economic returns to irrigation were determined using mar-
ket value for fresh basil and cost of irrigation water, 

RESULTS AND DISCUSSION 

Mulch effects on soil moisture 

In 1991, soil moisture tension (SMT)at 15 cm fluctuated among the various mulching 
materials; during the First 3 wk it was higher in the CO (bare ground) plots than mulched 
plots. After 3 wk, SMT was maintained between 10 and 30 kPa. Plots with SM maintained 
the lowest SMT throughout the season while plots under BP had the highest soil moisture 
tension (30 kPa). The data suggest that soil moisture loss in synthetic mulches is faster than 
organic mulches. High rainfall during the latter period kept SMT between 10 and 30 kPa in 
all plots. Soil moisture content during the 1993 trial did not significantly differ among 
mulch treatments. Small differences were observed in soil moisture between treatments, 
however, during the first 3 wk of measurement, plots under BF had higher soil moisture 
than the other treatments. Small differences in soil moisture among mulch treatments can 
be attributed to the normal rainfall received during the season These results are not consis-
tent with those obtained by Patra el al. (1993) who reported 2 to 4% higher soil moisture in 
citronella (Cymbopogon winlerlanus Jowitt) plots with rice straw mulch compared to 
unmulched plots. 

Mulch effects on soil temperature 

Mulching materials significantly influenced soil temperature at 5, 10 and 15 cm depth 
(Table 1). Organic mulches have a moderating effect on soil temperature. Al all depths, soil 
temperatures under CM and SM were significantly lower than BP, BF and CO plots (Table 
I ). Soil temperatures in organic mulches were 1 to 5 nC lower than synthetic mulches. Soil 
temperature under BP was the highest in most measurements. Differences in soil tempera-
ture between soil depths were also significant in all measurements (Table 1). Surface (0-5 
cm) soil temperature was higher than subsurface (5-10 and 10-15 cm) temperatures. Simi-
lar results were observed in the 1993 trial (Table 2). Organic mulches maintained lower soil 
temperature at all depths than synthetic mulches. On the average, soil temperature in plots 
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with organic mulches was 2 to 6 °C lower than synthetic mulches and 1 to 4 °C lower than 
bare soil. Ashworth and Harrison (1983) indicated that soil temperature in basil under 
wheal straw mulch was lower than with black polyethylene mulch. The data imply that in 
hot and dry tropical climates where high soil temperature can be a critical factor in plant 
growth, organic mulches are more effective in moderating soil temperature. Harri son-Murray 
and Lai (1979) reported that ground surface litter cover (mulch) greatly reduced the ex-
tremely high ground surface temperatures, sometimes over 50 "C, that are experienced on 
bare soils in the tropics adversely affecting crop growth. 

Table 1 Soil temperature in basil plots as influenced by mulch type and depth, 15 August 
1991* 

Mulch 0-5 cm 5-10 cm 10 -15 cm Mulch mean 

Compost 32.0 30.8 29.1 30,6 c 
Grass straw 31.1 29.9 28.6 30.0 c 

Black plastic 37.8 36.0 33.3 35.8 a 
Black fabric 34.8 33.6 31.8 33.4 b 

Control (bare) 35.4 33.9 30.8 33.3 b 
Depth mean 34.2 a 32.9 b 30.8 c 

Mean separation in rows and columns by Duncan's Multiple Range Test, Ρ = 0.05. 
^Subsequent measurements showed similar trends 

Table 2 Soil temperature in basil plots as influenced by mulch type and depth, 20 October 
1993* 

Mulch 0-5 cm 5-10 cm 10-15 cm Mulch mean 

Compost 26.9 c 25.5 c 25.3 c 25.9 c 
Grass straw 27.3 c 25.9 c 25.8 c 26.3 c 
Black plastic 31.6a 28.1 a 27.1 a 29.0 a 
Black fabric 30.1 b 26.9 b 26.4 b 27.8 b 
Control (bare) 29.5 b 27.5 b 26.3 b 27.8 b 

Mean separation in columns by Duncan's Multiple Range Test, Ρ = 0.05. 
*Subsequem measurements showed similar trends 

Mulch effects on weed density 

Synthetic mulches were highly effective in suppressing weed growth. In both years, 
weed biomass expressed as dry weight was less in synthetic mulches compared to organic 
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mulches and the control. Although differences in weed biomass were not significant due to 
high sample variations, total weed dry weight in synthetic mulches was consistently lower 
than organic mulches and the control. More weeds emerged in CM and SM plots than CO, 
BP and BF. High weed biomass in organic mulch plots may be attributed to the introduction 
and re-infestation of weeds from the compost and grass straw mulch. Organic mulches may 
be less effective in controlling weeds since, depending on the material, some may carry 
viable weed seeds which can become a potential weed problem. Despite the higher weed 
density in organic mulches, basil yield was not adversely affected. The results are consis-
tent with those reported by Ricottaand Masiunas (1991) and Davis (1994). They indicated 
that mulches were effective in controlling weeds in basil production and black polyethylene 
provided the best control. 

Basil fresh and dry matter yield 

Mulch type significantly influenced fresh basil yield. In 1991, total basil plant fresh 
weight was highest in CM and lowest in BF. Yield from C M was significantly greater than 
other mulch types except BP (Table 3). In 1993, organic mulches produced yields that were 
significantly higher than synthetic mulches except the control (Table 3). Differences ob-
served in plant fresh yield were also reflected in leaf fresh yields (Table 4). Plots under 
organic mulches had generally higher leaf fresh yields than synthetic mulches and the con-
trol. These results seem to contradict those found by Ashworth and Harrison (1993) and 
Davis (1994) who reported highest basil yield with black polyethylene mulch. In temperate 
climates where soil temperatures are low during early spring, plastic mulches are effective 
in elevating the temperature which favours initial plant growth. 

Table 3 Total plant fresh weight (t/ha) of basil as affected by mulch type 

Mulch 1991 1993 

Compost 31 .8a 46.2 a 

Grass straw 21.9 b 49.1 a 

Black plastic 27.1 ab 25.5 c 

Black fabric 20.5 b 28.3 be 

Control (bare) 22.5 b 39.5 ab 

Mean separation in columns by Duncan's Multiple Range Test, Ρ = 0.05. 
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Table 4 Total leaf fresh weight (t/ha) of basil as affected by mulch type 

Mulch 1991 1993 

Compost 21.4 a 30.2 a 

Grass straw 15.1 b 32.0 a 

Black plastic 18.4 ab 16.5 c 

Black fabric 14.5 b 19.0 be 

Control (bare) 15.7 b 25.6 ab 

Mean separation in columns by Duncan's Multiple Range Test, Ρ = 0.05). 

Significant effects of mulch type were also observed in plant and leaf dry matter yields. 
In 1991, total plant dry matter under CM plots was significantly higher than other mulch 
treatments except BP. However, in 1993, plant dry matter yields were similar between or-
ganic mulches, BF and CO, The use of BP resulted in lowest dry matter yield. Similar 
results were obtained with leaf dry matter yield. 

Economic returns, water use and efficiency 

In 1991, total water use was highest in plots under BP (15% more than the control), 
followed by CM which was 5% more than the CO (Table 5). Grass straw and BF mulch 
reduced water use by 3 and 15%, respectively. The high water use in BP may be associated 
with high soil temperature which induced rapid loss of soil moisture. In CM plots large 
water use may be associated with high water absorbing capacity of compost. Low irrigation 
water use in the CO plot (bare soil) can be explained by addition of rainfall (2S0 mm) from 
August to November. Although basil grown with CM used relatively more water than other 
treatments, yield and water-use efficiency were also the highest (Table 5). This resulted in 
higher gross returns and returns to irrigation water. Similar results were obtained in 1993 
(Table 6). Organic mulches consistently produced higher yields, gross returns, water use 
efficiency and returns to irrigation water than synthetic mulches and the control. These 
results imply that if herb growers have to pay for irrigation water, using organic mulches 
will give them the highest returns. 
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Table 5 Economic returns, water use and efficiency in drip-irrigated basil under various 
mulch types in 1991 

Mulch Total Gross value Water use Water cost Returns to WUE 
fresh yield ($/ha) (mVha) ($/ha) irrig, water (kg/mJ) 

(t/ha) ($/$) 

Compost 31.8 279,840 1,590 6,726 41.6 20.0 

Grass straw 22.0 193,600 1,476 6,243 31.0 14.9 
Black plastic 27.1 238,480 1,741 7,364 32.4 15.6 

Black fabric 20.6 180,400 1,287 6,444 31.1 15.9 
Control 22.7 199,760 1,614 6,404 31.2 15.0 

Fresh basil at US$8.80/kg; Irrigation water at US$4.23/m3 ;WUE = Water use efficiency in 
kg fresh basil produced per m3 water used 

Table 6 Economic returns, water use and efficiency in drip-irrigated basil under various 
mulch types in 1993 

Mulch Total Gross value Water use Water cost Returns to WUE 
fresh, yield ($/ha) (mVha) ($/ha) irrig, water (kg/m3) 

(t/ha) ($/$) 

Compost 46.2 406,560 2,549 10,782 37.71 18.1 

Grass straw 49.1 432,080 2,934 12,411 34.81 16.7 

Black plastic 25.5 224,400 2,404 10,169 22.07 10.6 

Black fabric 28.3 249,040 1,877 7,940 31.37 15.1 

Control 39.5 347,600 4,132 17,478 19.89 9.6 

Fresh basil at US$8.80/kg; Irrigation water at US$4.23/m3; WUE = Water use efficiency in 
kg fresh basil produced per m3 water used 

CONCLUSIONS 

This study has shown that organic mulches such as compost and grass straw increased 
basil yield, moderated soil temperature, improved water-use efficiency and economic re-
turns to irrigation water. Integrating organic mulches with drip irrigation for basil produc-
tion offers some economic benefit for small-scale herb growers in the Virgin Islands. Or-
ganic mulches are locally available, thus saving herb growers the cost of importing expen-
sive synthetic mulches. 
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WATER USE AND YIELD OF BASIL AS INFLUENCED BY DRIP 
IRRIGATION LEVELS AND MULCHING 

Manuel C. Palada, Stafford MA. Crossman and Jacqueline A. Kowalski 

Agricultural Experiment Station, University of the Virgin Islands 
St Croix, US Virgin islands 

ABSTRACT 

Basil (Ocimum basilicum L.) is one of the popular herbs with culinary importance in the 
Virgin Islands. Local herb growers traditionally water their crops with sprinkler cans and 
garden hoses. This method results in inefficient use of water, a scarce resource in the Virgin 
Islands. A field experiment was conducted in 1994 to determine the minimum requirement 
and efficient use of irrigation water for basil. Basil was grown in plots with and without 
mulch and drip-irrigated at various levels to maintain soil moisture tensions of 2 0 , 4 0 and 
60kPa. A black fabric weed barrier ground cover was used in mulched plots. A rainfed plot 
without mulch was included as a control. Total fresh basil yield was highest (42.3 t/ha) in 
plots with no mulch and irrigated to maintain soil moisture at 40 kPa. Yield from this treat-

ment was significantly different from other treatments except treatments irrigated at a soil 
moisture of 20 kPa with and without mulch. Similar results were obtained with leaf fresh 
yield. Yields from all drip-irrigated plots were significantly higher than the control. Total 
plant dry matter yield (5.79 t/ha) was highest in the treatment irrigated at 40 kPa without 
mulch, but was not significantly different from other treatments except the control. Water 
use was highest in the treatment irrigated at a soil moisture of 20 kPa with no mulch and 
lowest in the mulched plots irrigated at a soil moisture of 60 kPa. Mulching reduced water 
use of basil by 50%. Water use efficiency was highest when basil was irrigated to a soil 
moisture of 60 kPa combined with mulching. For this treatment water cost to produce a 
kilogram of fresh basil was US$1.97 compared with $5.76 when basil was irrigated at soil 
moisture of 20 kPa without mulch. This study shows that basil can be grown with minimum 
irrigation water equivalent to soil moisture of 60 kPa with mulch. At this level, water use is 
reduced and efficiency is improved. 

INTRODUCTION 

Basil (Ocimum basilicum L.) is one of the major culinary herbs with economic importance 
in the Virgin Islands. It is an annual herb that can be easily grown from seed every year. 
Basil ranks as one of the top selling fresh herbs in the local market with a retail price 
ranging from US$5 to $8/kg. Herb growers can therefore make substantial returns from a 
small land area. Although most of the locally produced basil is sold in local markets, there 
is potential for an export market since most of the herbs consumed in the mainland US are 
imported. 

1 4 3 



Technical information for growing herbs in the Virgin Islands is inadequate and it is 
one of the major reasons why few growers are engaged in basil production. More research 
should be undertaken to improve field production of basil because of its economic impor-
tance. 

Although basil can be easily grown in the tropical climate of the Virgin Islands, field 
production is constrained by factors related to environment and management practices. Lim-
ited water supply for crop production is a major physical constraint. Without supplemental 
irrigation, commercial production of high value crops such as basil is not feasible. 
Even with limited water availability, traditional practices of growing herbs are inefficient 

and do not conserve water use. 

Information on improved crop management practices for culinary herb production is 
very limited. Literature on planting methods, fertilizer application, water requirement, weed, 
insect and disease control is scanty. There is very little information on the minimum water 
requirement of herbs, although soil moisture availability has a strong influence on plant 
growth and yield performance. Research with varying rates of drip irrigation showed in-
creases in growth and total yield of essential oil from herbs with increasing rates of water 
application (Simon, 1987). A similar study conducted one year later during a season with 
high rainfall showed no benefit from drip irrigation. 

The interaction of soil moisture and soil fertility affects the accumulation of plant prod-
ucts, indirectly influencing plant growth in aromatic and medicinal plants (Bernath, 1986; 
Franz, I983;Penke, 1978). Experiments comparing sprinklers with drip irrigation on herbs 
at the University of the Virgin Islands-Agricultural Experiment Station demonstrated a more 
efficient water use and increased yields under drip irrigation (Collingwood et al., 1991). 
Integration of mulch with drip irrigation resulted in additional increases in water use effi-
ciency and yield of basil (Palada et al., 1992). The minimum water requirement for growing 
various herbs needs to be established. Studies on determining irrigation water requirements 
of herbs are important in the Virgin Islands where water is usually a costly input in crop 
production. This experiment was conducted to determine the minimum water requirement 
of basil under field conditions and to study the effects of mulching on the yield and eco-
nomic returns of basil under drip irrigation. 

MATERIALS AND METHODS 

The experiment was conducted at the Agricultural Experiment Station, University of 
the Virgin Islands in St Croix (Lat. 17°42'N and Long. 64n48'W). The soil is Fredensborg 
loamy, fine carbonatic, isohyperthermic, shallow, typic calciustolls (Lugo-Lopez and Rivera, 
1980). The average annual rainfall is 1,016 mm, but évapotranspiration exceeds rainfall 10 
months of the year resulting in a negative water balance. The experiment was established 
using a randomized complete block design with four replications. The treatments consisted 
of three irrigation levels corresponding to soil moisture tensions of 2 0 , 4 0 and 60 kPa. Half 
of the treatments were mulched using a black fabric, water-permeable weed barrier ground 
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cover. A rainfed control (no mulch) was included as a treatment. The drip irrigation system 
consisted of main and submain lines made of 1.27-cm polyhose and 15-mm Hardie tape 
with laser drilled orifices 20 cm apart as laterals. 

Basil seedlings were grown in the greenhouse from 20 March to 24 April 1994. Seed-
lings were transplanted on 25 April in three-row plots. Each plot measured 1 . 0 x 2 . 1 m. 
Plants were spaced 30 cm between rows and 30 cm within rows. One week after planting, 
plants were fertilized with granular forms of Ν, Ρ and Κ at the rate of 50 ,100 and 100 kg/ha, 
respectively. The plots with no mulch were hand-weeded regularly to eliminate weed com-
petition. 

Soil tensiometers (IiTometer Co., Riverside, CA) were installed at 15 cm depth in each 
treatment on two replications to monitor soil moisture tension. The tensiometers were read 
daily and readings were used to turn on the irrigation water when soil moisture tension 
exceeded the specified level. A flow-meter and a timer were installed in the irrigation sys-
tem for each treatment. Water use was determined from weekly flow-meter readings. Total 
irrigation water use was determined over a period of 8 wk. Data on rainfall and pan evapo-
ration were collected from a USDA weather station on land adjacent to the experiment 
station. 

The plants (excluding roots) were harvested five times on 6 June , 13 July, 17 August, 
22 September and 7 November. Yield samples were taken from 2-m long sections of the 
middle rows. Data were collected on plant height, plant fresh and dry weights and leaf fresh 
and dry weights Statistical analysis of data was performed using analysis of variance by a 
SAS Program (Statistical Analysis System). Differences among treatment means were 
separated using the Duncan's Multiple Range Test. 

RESULTS AND DISCUSSION 

Rainfall and évapotranspiration. 

As shown in Figure 1, total rainfall in 1994 was about 50% below normal (633 mm). 
This rainfall was one of the lowest and resulted in one of the driest years in St Croix. The 
island experienced a severe drought. Evapotranspiration exceeded rainfall in all months for 
which ET data were available. Total rainfall received during the growing period for the trial 
(25 April to 7 November ) was only 374 mm. Most of the rainfall occurred in August to 
November. Because of low rainfall during the growing season, drip irrigation was frequently 
applied to all irrigated treatments. 

Irrigation and water use 

Total water use increased as soil moisture tension decreased (Table 1). For each irriga-
tion regime water use in plots with no mulch was greater than plots with mulch. Highest 
water use (65.4 L/plot) was observed in plots under an irrigation regime of 20 kPa with no 
mulch. Except for the rainfed treatment, the lowest water use (17.6 L/plot) was recorded in 
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plots with an irrigation regime of 60 kPa with mulch (Table 1 ). Plants in this treatment also 
had the most efficient use of irrigation water. At irrigation levels set at 60kPa under mulch, 
water use was only 467L (WUE) to produce a kilogram of dry basil (Table 1). To produce 
the same yield of basil, water use was 1,362 L under an irrigation level set at 20 kPa without 
mulch. In terms of water cost efficiency (WCE), it cost only US$1.97 to produce a kilogram 
of dry basil under an irrigation regime of 60 kPa with mulch compared with $5.76 at 20 kPa 
without mulch (Table 1). These data would suggest that even under conditions of rainfall 
shortage, basil can be efficiently produced with minimum irrigation water set at 60 kPa 
coupled with mulching. 

Table 1 Estimated irrigation water use and efficiency of basil at three levels of irrigation 
with and without mulch. UVI/AES, 1994 

Irrigation Mulch Total water Total water WUE1 WCE2 

level (kPa) use (L/plot) use (m-Vba) (LTkg d.wt.) (US$/kg) 

20 No 65.4 6,626 1362 5.76 

40 No 38.7 3,865 667 2.82 

60 No 28.5 2,851 717 3.03 

20 Yes 33.6 3,360 789 3.34 

40 Yes 22.9 2,293 609 2.57 

60 Yes 17.6 1,757 467 1.97 

Rainfed No 15.43 15,123 564 -

1 WUE=Water use efficiency in liters per kg dry wt produced; 2WCE=Water cost efficiency 
= cost of water ($) to produce a kg dry wt; computed based on 1 mm rainfall = 4,047 L 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
M o n t h 

Figure 1 Rainfall and pan evaporation at UVI/AES, 1994 
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Fresh and diy matter yield 

Both fresh and diy matter yields of basil were significantly affected by levels of drip 
irrigation (Table 2). Highest fresh basil yield of 42.t/ha was obtained from irrigation level of 
40 kPa without mulch. This yield however, was not significantly greater than treatments 
under an irrigation regime of 20 kPa with and without mulch. Under mulch, highest yields 
were observed in treatments with an irrigation regime of 20 kPa, however, this yield was 
not significantly higher than treatments with 40 and 60 kPa, All drip-irrigated treatments 
significantly out yielded the control (rainfed). Basil dry matter yield was not significantly 
affected by drip irrigation level or mulching (Table 2). However, treatments with irrigation 
levels of 20 and 4 0 kPa under mulched had a significantly greater dry matter yield than the 
control (rainfed). Highest dry matter yield (5.79 t/ha) was obtained from plots irrigated at 
40 kPa without mulch (Table 2), Based on fresh basil yield, the data would indicate that 
without mulch, optimum drip irrigation level is at a soil moisture regime maintained at 40 
kPa. With mulch, the minimum water requirement for optimum yield is at irrigation level 
that maintains soil moisture tension at 60 kPa. 

Table 2 Plant height, total plant fresh and dry matter yield of basil grown at three levels of 
irrigation with and without mulch 

Irrigation Mulch Plant height Fresh yield Dry yield 
level (kPa) (cm) (t/ha) (t/ha) 

20 No 44.0 ab 36.3 b 4.86 ab 

40 No 46.8 a 42.3 a 5.79 a 

60 No 39.3 be 27.2 b 3.98 abc 

20 Yes 37.4 cd 33.3 ab 4.26 abc 

40 Yes 36.9 cd 28.6 b 3.77 abc 

60 Yes 37,4 cd 26.1 b 3.76 abc 

Rainfed No 34.1 d 14.5 c 2.68 c 

Averge plant height and total yield from 5 harvests 
Means within each column followed by common letters are not significantly different by 
Duncan's Multiple Range Test, P=0.05 

Economic returns and water use efficiency 

The gross return was highest from no-mulch basil under an irrigation regime of 40 kPa 
followed by treatment under 20 kPa (Table 3). However, irrigation water costs were higher 
from these treatments compared with mulched treatments. This resulted in lower returns to 
irrigation water (Table 3). The highest return to irrigation water was obtained from mulched 
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plots under an irrigation regime of 60 kPa. For this treatment every dollar spent in irrigation 
water resulted in economic return of $28.13, This treatment would therefore give the most 
efficient and profitable use of supplemental irrigation water. 

Table 3 Yield and economic returns from basil grown at three levels of irrigation with and 
without mulch 

Irrigation 
level (kPa) 

Mulch Total water 
use (L/plot) 

Total water 
use (m3/ha) 

WUE1 

(L/kg d.wt.) 
WCE2 

(US$/kg) 

20 No 36,274 290,192 28,028 10.35 

40 No 42,262 338,096 16,349 20.68 

60 No 27,235 217,880 12,060 18,07 

20 Yes 33,279 266,232 14,213 18.73 

40 Yes 28,611 228,888 9,699 23.60 

60 Yes 26,129 209,032 7,432 28.13 

Rainfed No 14,480 115,840 - -

Fresh basil at retail price of US$8.00/kg; irrigation water cost at $4.23/m3 

SUMMARY AND CONCLUSIONS 

This study indicated that the optimum irrigation rate for basil in the Virgin Islands is at 
soil moisture tension maintained at 40 kPa with no mulch. With mulch, the minimum irriga-
tion level is reduced to a soil moisture regime maintained at 60 kPa. Under low rainfall, 
mulching is beneficial for basil production by reducing total water use and increasing water 
use efficiency. 
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SHADO BENI {Eryngium foetidum Linn.) 
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ABSTRACT 

In an attempt to develop a dehydrated product, the food flavouring herb Eryngium 
foetidum Linn, commonly called 'shado beni' or 'bhandhanya' in Trinidad and Tobago, 
was dried in a natural convection cabinet dryer at 35, 45, 55 and 65 °C. The effects of 
various pre-drying treatments on the quality of the herb at 55 °C were also studied: steam 
blanching, water blanching and magnesium carbonate blanching. Drying of the fresh herb 
at high temperatures, e.g. 55 and 65 °C, resulted in an undesirable colour change from the 
green, typical of the fresh herb, to olive-brown/brown. This was paralleled by a decline in 
the herb's volatile oil constituent from 0.276% d.b for fresh shado beni to 0.049 and 0.030% 
d.b for the herb dried at 55 and 65 °C respectively. Shado beni dried at 35 °C appeared 
olive-green with an oil content of 0.095% d.b. Loss of green colour was considerably re-
duced by blanching in either water or magnesium carbonate prior to drying at 55 °C. Com-
pared to the unblanched dried herb, oil yield was unaffected by the pre-drying treatments 
investigated. 

INTRODUCTION 

Shado beni (Eryngium foetidum Linn.) also called 'bhandhanya' in Trinidad and To-
bago, is a pungently scented, aromatic food flavouring herb that grows naturally throughout 
Trinidad and Tobago, the other Caribbean islands and continental tropical America (Morean, 
1988). Some of the other common names of this herb in various countries are 'chadron 
benee' (Dominica), ' f i tweed' (Guyana), 'coulante' or 'culantro' (Haiti) and 'cilantro* or 
'culantro' (Latin America) (Morean, 1988). 

There is little information on the processing of this unique herb which is currently 
exported in the fresh state from Trinidad and Tobago to Canada, New York and London. 
The fresh herb, like all green, leafy commodities wilts and undergoes a deteriorative colour 
change from green to brown so it must be air-freighted immediately after harvest. A pos-
sible alternative to the export of the fresh, green herb at a moisture content of 88% (wet 
basis) is the export of a dried, stable product. Dehydration, a simple method of preserving 
foods to extend their period of availability, has the added advantage of making handling, 
storage and distribution less difficult and more economical because of a reduction in weight 
and bulk. 
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In both herbs and spices quality is determined by typical aroma and Koller (1988) has 
reported on the negative effect of high drying temperatures on the aroma retention of sage 
and thyme. Loss of green colour is also reported to occur during the dehydration of green 
commodities (Morgan et al., 1945; Weits et al., 1970). The principal degradatory pathway 
of chlorophyll during the drying of green commodities by hot air is the replacement of its 
magnesium atom by hydrogen and the consequent formation of olive-brown pheophytins 
(Mackinney and Weast, 1940;BersetandCaniaux, 1983; Davideketal. , 1990). Acids present 
in the fresh material or formed during heat processing are the major factors responsible for 
the removal of the magnesium ion from the chlorophyll molecule (Davidek, 1990). 

The necessity of blanching commodities for improved product quality prior to dehy-
dration has been recognized since 1929. Two methods commonly practised are steam and 
water blanching. According to Mackinney and Weast (1940) and von Loesecke (1955), 
blanching is necessary to prevent the formation of off-flavours, odours and colours. Blanching 
however, is reported to result in some degree of chlorophyll degradation with the subse-
quent formation of pheophytin. The extent of chlorophyll degradation is related to the de-
gree of blanching (Mackinney and Weast, 1940; Dutton et al., 1943). Peroxidase activity is 
widely used as an index of blanching as peroxidase is the most heat-stable enzyme found in 
horticultural commodities. 

Considerable effort has been aimed at stabilizing the colour of green commodities dur-
ing thermal processing. The most widely reported method for the prevention of pheophytin 
formation is the addition of alkalizing agents during processing, e.g. magnesium carbonate 
(Lioutas, 1989), ammonium carbonate and/or ammonium hydroxide (Eheart and Ödland, 
1973; Woolfe, 1979) and sodium carbonate (Kaur and Manjrekar, 1975). 

This study was conducted to determine the effects of varying air drying temperatures 
and pre-drying treatments on the final product quality of shado beni dehydrated under natu-
ral convection conditions with the aim of developing a dehydrated product from this unique 
herb. 

MATERIALS AND METHODS 

Effect of temperature on the quality of dried shado beni 

Fresh shado beni (12 kg) was chopped in approximately 10-mm strips using a Chuo 
Boeki Kaisha Forage Cutter Model No. FC 13B operating at a speed of 850 rpm. The chopped 
herb was mixed and five samples, each weighing 1.8 kg, were kept in sealed polyethylene 
bags at 10 °C until required. Samples were individually dried at 3 5 , 4 5 , 5 5 and 65 °C in an 
electric, natural convection (Blue M Sabil-Therm gravity oven) drier to a moisture content 
of 10% (wet basis) Drying times ranged from 80 h for the herb at 35 °C to 5 h at 65 °C. 

Freshly harvested shado beni as well as the dehydrated products were analyzed for pH, 
chlorophyll, pheophytin and essential oil contents. Analyses were carried out in duplicate 
and the resulting data analyzed by the analysis of variance method. For pH determination, 5 
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and 2-g samples of the fresh and dried herb (ground) respectively were blended with 40 ml 
of distilled water. Chlorophyll and pheophytin levels were evaluated by the spectrophoto-
metric method of Vernon (1960) modified by Berset and Caniaux (1983). The oil contents 
of the fresh and dried herbs were determined according to the method of Pearson (1976). A 
250-g sample was used for estimation of the initial oil content of the freshly harvested herb. 
The dried herb was ground in a Burr mil! and the oil content of 100 g was evaluated. 

Effect of pre-drying treatments on the quality of dried shado beni 

The effect of various pre-drying treatments on the quality of shado beni dried at 55 °C 
was investigated. Pre-drying treatments evaluated were steam, water and alkali blanching. 
Blanch times were the minimum required for inactivation of the enzyme peroxidase and 
were pre-determined by the peroxidase test outlined by Greensmith (1971). 

A 2-kg sample of the chopped herb was treated for 6 min at 96 °C in a cabinet type, 
steam blancher The steamed leaves were then cooled under ambient conditions (2°C) prior 
to drying in the gravity oven at 5°C. For water blanching, 2 kg of the chopped herb was 
'quick-dipped' in water at 100 °C for 10 sec. The blanched herb was drained and allowed to 
cool before placing in the gravity oven set at 55 °C. For alkali blanching, 2 kg of the herb 
was immersed for 10 sec in 0.09% magnesium carbonate solution at 100 °C (40 : I ratio of 
water to herb) (Lioutas, 1989). The blanched herb was drained, allowed to cool and dried at 
55 °C in the natural convection oven, A batch of the chopped, untreated herb was also 
placed in the gravity oven at 55 °C with this serving as the control. For all treatments, the 
herb was dried to 10% moisture content (wet basis) and both fresh and dried shado beni 
evaluated for pH, chlorophyll, pheophytin and essential oil contents as previously described. 
Drying times ranged from 9 h for the alkali and water-blanched herb to 18 h for the unblanched 
herb. 

RESULTS AND DISCUSSION 

Effect of temperature on the quality of dried shado beni 

Colour, pigment and pH changes 

Deleterious colour changes from green, typical of the freshly harvested shado beni to 
olive-green with signs of browning, to brown with traces of green occurred as the drying air 
temperature was increased from 35 to 65 °C. These undesirable changes in the colour of the 
herb reflected a significant decline (P <0.05) in chlorophyll content (from an initial 1,209 
mg/100 g DM for the freshly harvested herb). This was accompanied by extensive pheophytin 
formation (the brown pigment formed during the heat processing of green commodities), 
particularly at the higher air-drying temperatures of 55 and 65 °C. These changes paralleled 
a significant decline (P50.001) in pH from an initial value of 5.9 during dehydration (Table 
1). 

Shado beni dehydrated at 35 °C appeared olive-green with signs of browning. This 
reflected a 14.4% loss of its initial chlorophyll content and a pheophytin concentration of 
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460 mg/100 g DM. These changes in pigment concentrations of the dehydrated herb paral-
leled the decline in pH by 0.1 unit (value of 5.8). For shado beni dehydrated at 65 °C 
however, the pH declined markedly to 5.3 (P<0.001 ). The resulting dehydrated herb, brown 
with sporadic greening reflected a substantial loss of 72.9% of its initial chlorophyll content 
and a high pheophytin content of 684 mg/IOg DM. Increased acid formation and increased 
susceptibility of chlorophyll to acid action favouring pheophytin formation is reported to 
occur during the heat processing of green commodities (Meyer, 1960; Davideketal . , 1990). 

Percent essential oil 

The shado beni owes its characteristic odour and flavour to the aromatic oil inherent 
within its tissues. Yeh (1974) reported an essential oil content of the fresh shado beni of 
0.05-0.10% containing 72.7% of a mixture of 2,4,5-trimethylbenzaldehyde, 5-dodecanone 
and 4-hydroxy -3,5-dimethylacetophenone. 

The oil content of the fresh herb declined significantly (P < 0.05) from an initial value 
of 0.276% d.b during drying. As the drying air temperature was increased from 35 to 65 °C, 
the % oil of the dried herb decreased from 0.095% d.b to 0.030% d.b (Table 1) Statistical 
analysis revealed a significant decline (P <0.05) from an oil content of 0.095% d.b for the 
herb dried at 35 °C to 0,030% d.b for the herb dried at 45 °C. No significant difference in 
the reduced oil contents was found between shado beni dried at the highest air drying tem-
peratures of 55 and 65 °C, i.e. 0.049% and 0.030% d.b respectively. Shado beni dried at 35 
°C, while showing a reduced oil content retained its characteristic odour as indicated by the 
pungency of the oil extracted. At the higher drying temperatures of 55 and 65 °C, there was 
deterioration of the herb quality, as off-odours were detected from the extracted oil. Simi-
larly, drying of sage and thyme at a high temperature of 80 °C was found unsuitable while 
at 50 °C aroma loss was reduced (Koller, 1988). 

Table I Chemical properties of fresh and dried shado beni dried at 35-65 °C under natural 
convection 

Product and ^Chlorophyll "Pheophytin apH "Percent Peroxidase 
treatment (mg/100 g DM) (mg/100 g DM) essential oil (d.b) test 

Fresh 1,209 0 5.9 0.276 positive 
Dried (°C) 

35 1,029 460 5.8 0.095 positive 
45 740 488 5.7 0.030 positive 
55 435 609 5,4 0.049 positive 
65 326 684 5.3 0.030 positive 

bSEM 88.43 55.82 0.04 0.010 

"denotes the mean of two values 
bdenotes the standard error mean value 
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Effect of pre-drying treatments on the quality of dried shado beni 

Colour, pigment, pH changes and essential oil 

Consistent with previously reported results, changes in colour from green, typical of 
freshly harvested shado beni, reflected by chlorophyll and pheophytin concentrations were 
directly related to changes in pH during dehydration. Untreated (control) dehydrated shado 
beni declined significantly in pH (P ^0 .001) from an initial value of 5.9 to 5.4. This was 
accompanied by a significant decline (P <0.01) in its chlorophyll content from 1,202 mg/ 
100 g D M for the freshly harvested herb to 435 mg/100 g DM. These changes paralleled 
extensive pheophytin formation averaging 609 mg/100 g DM resulting in an olive-brown 
discolouration of the dehydrated herb (Table 2). 

Compared to the untreated (control), blanching in steam did not markedly influence 
the appearance of the dehydrated herb as differences in pH, chlorophyll and pheophytin 
concentrations were neglible (Table 2). Blanching in water and magnesium carbonate how-
ever, effectively reduced loss of the green colour during dehydration. Water-blanched dehy-
drated shado beni, with a pH of 6.1 and a chlorophyll content of 1,178 mg/100 g D M was 
attractively bright green in colour and showed no signs of browning. This 'brightening 
effect ' , also observed by other researchers, is a result of the removal of air from the veg-
etable surface and intercellular spaces (Mackinney and Weast, 1940; Meyer, 1960; Woolfe, 
1979). The magnesium carbonate-blanched, dehydrated herb, which increased in pH (P < 
0.001) by 0.9 units (pH of 6.8), was dark green in colour (chlorophyll loss of only 15.2%) 
and showed no signs of browning. Sweeney and Martin (1961) working on spinach, re-
ported a 90% retention of chlorophyll at a pH of 6.8. Alkali salts are claimed to prevent or 
minimize pheophytin formation by neutralizing plant acids released or formed during heat 
processing (Lioutas, 1989; Davidek et al., 1990). 

Table 2 Chemical properties of fresh and dried shado beni subjected to various pre-drying 
treatments prior to drying under natural convection at 55 °C 

Product and "Chlorophyll aPheophytin "pH "Percent Peroxidase 
treatment (mg/100 g DM) (mg/100 g DM) essential oil (d.b) test 

Fresh 1,202 0 5.9 0.460 positive 
Dried 
Steam blanched 587 534 5.5 0.100 negative 
Water blanched 1,178 0 6.1 0.056 negative 

MgCO, blanched 1,019 0 6.8 0.093 negative 
Control 435 609 5.4 0.107 positive 
bSEM 79.4 65.3 0.04 0.05 

"denotes the mean of two values 
"denotes the standard error mean value 
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For all treatments investigated, the oil contstituent of the shado beni, declined signifi-
cantly during dehydration (P <0.001) from an initial value of 0.460% d.b (0.050% wet 
basis) for the freshly harvested herb (Table 2). Statistical analysis revealed no significant 
difference in oil yield between pre-drying treatments (% range from 0.056 to 0.107% d.b), 
all products of dehydration retaining a faint odour typical of the pungently scented, fresh 
herb. 

CONCLUSIONS 

Blanching of shado beni in water or magnesium carbonate prior to dehydration mark-
edly minimized loss of the green colour, typical of the freshly harvested herb. Irrespective 
of pre-drying treatments, however, drying at a high temperature of 55 °C increased the loss 
of the volatile oil constituent of the herb. While the drying time for the untreated/unblanched 
herb at 35 °C was lengthy (80 h as opposed to only 9 h for alkali/water-blanched herbs dried 
at 55 °C), for herbs dried at the lowest temperature of 35 °C essential oil retention was 
greatest. 
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ABSTRACT 

The use of agricultural and/or industrial waste materials as a substrate by micro-organ-
isms is an environmentally friendly biotechnology for sustainable development. An effi-
cient biological agent for the reduction of lignoceilulosic materials, a component of agricul-
tural waste, is mushroom mycelium. It is well known that a number of mushroom species 
are edible, having high protein content with balanced amino acids and several vitamins, as 
well as some high-value metabolites. Mushroom production could therefore, play an im-
portant role in the Caribbean by helping to solve the problem of providing high quality 
protein. It can also contribute to foreign exchange savings by reducing the levels of current 
imports. The paper investigates the technical and economic possibility of producing tropi-
cal mushrooms, and the potential for their incorporation into the agricultural sector in the 
Caribbean. 

INTRODUCTION 

Mushrooms are the fruit bodies of edible fungi. In nature, fungi have a fundamental 
role in the biological equilibrium. They are responsible for the degradation and transforma-
tion of plant and animal substances and the restoration of soil fertility by returning lo the 
soil the biodegraded organic matter. One use of fungi in agriculture is the cultivation of 
mushrooms as a source of food. 

The popularity of mushrooms is not only due lo their culinary value but also to their 
potential as a source of protein. The protein content is almost equal to that of milk and 
legumes with an excellent amino acid profile. Besides, they are high in vitamin content. 

In developing countries, including those in the Caribbean, huge quantities of wastes 
are generated annually through agricultural, forest and food-processing industries. Conver-
sion of these waste materials to food and useful products by fungi is an environmentally 
sound biotechnology. 

There has been very little research conducted on tropical mushrooms. Ghana (Anon, 
1992) and Zaire (Ekwangala and Comte, 1990) have explored their native species and those 
countries are among the leading tropical mushroom producers in the world. Although, in 
the Caribbean, the native species have not been explored, in Jamaica and other Caribbean 
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countries species of edible mushrooms are evident in the woods and eaten by the locals. 
With the recent thrust of agricultural diversification in the Caribbean, developing a sustain-
able mushroom industry should be a feasible option. 

CURRENT MUSHROOM PRODUCTION IN THE CARIBBEAN 

In Jamaica, coffee waste is used to grow oyster mushrooms (Barnett, 1987). In Trinidad, 
button mushrooms are grown on rice straw. Dominica grows oyster mushrooms on a very 
small scale using bagasse. In Barbados, the mushroom industry is very much in its initial 
stage. There have been attempts in St Lucia to use banana waste to grow mushrooms. Cuba 
commercially produces oyster mushroom using dry sugarcane waste (trash). 

Mushrooms can be successfully cultivated on many substrates (Oei, 1993). Wastes 
such as cotton stalks can be pulverised and used to grow mushrooms and the spent substrate 
can be utilised as animal feed (Anon., 1993). Table I gives information on the major agri-
cultural wastes available in several Caribbean countries and the mushroom species suitable 
for growing on them. The levels of efficiency of several types of substrates are presented in 
Table 2. Biological efficiency is defined as the fresh mass of mushrooms divided by the dry 
mass of substrate (Brennman and Guttman, 1994). 

Table 1 Agricultural and other wastes available in several Caribbean countries and suit-
able mushroom species 

Agricultural waste Countries Suitable mushroom 
species to grow 

Bagasse, sugar-cane 
leaves 

Barbados, Trinidad. Cuba, Grenada 
Dominica, St Kitts, Jamaica. Guyana 

Ρ leu rot us 

Cotton straw Barbados, St Kitts Pleurotus, Volvariella 

Rice straw Trinidad, Guyana Pleurotus, Volvariella, 
Agaricus 

Coffee waste Jamaica, Dominica, Trinidad Pleurotus, Lentinus 

Banana tree waste St Lucia, St Vincent. Dominica 
Grenada 

Pleurotus 

Bean straw All countries Pleurotus 

Paper All countries Pleurotus 

Cocoa shell waste Dominica, Trinidad, Grenada Pleurotus 

Saw dust All countries Pleurotus, Lentinus 

Forage grasses All countries Auricularia, Pleurotus 
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One advantage of growing oyster mushrooms is that they do not need a composted 
substrate. Another major advantage of mushroom growing is that arable land is not needed. 
Unused stalls, sheds, warehouses, cellars, etc. can be economically transformed into suit-
able growing structures without an excessive outlay of capital. 

Mushrooms can be produced in elaborate structures using high levels of technologies 
or as small cottage industry units using simple structures. Shelves with tiers can be used to 
maximize the area. Some containers suitable for growing tropical mushrooms are plastic 
bags or trays. It is important that the temperature and high humidity inside these containers 
are maintained to the requirements. If the trays do not have covers, they need to be covered 
by black plastic. 

As can be seen from Table 2, bagasse is an excellent substrate for growing oyster mush-
rooms. The substrate (bagasse) should be as clean as possible, soaked overnight in lime 
water and drained to about 70% moisture content. For commercial production, pasteuriza-
tion of the bagasse in a steam room at 60 "C for 3 hours to ensure that it is free of all the 
contaminants is recommended. The substrate is then mixed with 5% corn meal and placed 
in trays or bags seeded with spawn and kept under suitable environmental conditions for 
mycelial growth. It should be left in total darkness for about 20 days until the white 
filaments (mycelia) have grown out. 

Light is then introduced; diffused natural light or artificial light with the daylight spectrum 
is recommended. During this period fresh air is also introduced. Within 10-12 days pin-
heads appear. Four days later, 'fruits ' can be ready for harvesting. Over a 3-week period 
three flushes of mushrooms can be harvested. The expected yield is about 1 kg of fresh 
mushrooms per kg of substrate dry maiter. The environmental conditions required for opti-
mum growth are presented in Table 3. 

Table 2 Biological efficiency of substrates 

Substrate Biological efficiency (%) 

Bagasse/cane trash 51 
57 
40 
38 
10 

22 

Straw 
Grass 
Corn leaves/banana plant waste 
Sawdust 
Paper 
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Table 3 Optimum conditions for production of the mushroom, Pleurotus sajor-caju 

Stage/parameter Spawn run Pinhead initiation Cropping 

Duration (days) 20 8 - !2 30 
Temperature ÇC) 25-28 25 25 
Light Nil diffused diffused 
RH (%) 90-95 95 90-95 
Number of air 
exchanges/hour 0 4 4 
Carbon dioxide (%) 20 0.6 0.6 

EXPERIENCE WITH MUSHROOM PRODUCTION IN BARBADOS 

In keeping with the recent thrust of agricultural diversification in the Caribbean, a pilot 
project on mushroom production was executed by the Barbados Agricultural Society, funded 
by the Canada Fund of the Canadian High Commission in Barbados. The effects of the 
various environmental conditions on production are briefly discussed below. 

Inadequate lighting can result in a limited number of pinheads, abnormal fruiting bod-
ies and long stems with underdeveloped fruit bodies, resulting in an overall low yield. When 
florescent light was used during fruiting, the mushroom selected (Pleurotus sajor-caju ) 
developed pinheads with long stems that failed to develop as full fruit bodies. However, 
when Gro-lux light or diffused natural light was used, fruiting was normal (Table 4). 

Tabic 4 Effect of the lighting system on the production of the mushroom, Pleurotus 
sajor-caju 

Type of light Total mass (g) Ratio of cap mass 
to stalk mass 

Warm fluorescent 500 150:350 
Gro-lux 500 350:150 
Diffused sunlight* 500 350:150 

* Produced short thick stem 

P. sajor-caju can withstand temperatures up to 30 "C. However when non-composted, 
sanitized substrate was used in plastic bags, during the spawn run the temperature inside the 
bags tended to rise due to bacterial action. Regular monitoring of the temperature inside the 
bags as well as outside was required to ensure that the temperature was maintained within 
the optimum range. 
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For the trials at the Barbados Agricultural Society, two different growing room struc-
tures were used. The first type was a room with insulated walls. The second type was a low-
cost hut made out of 3.75 cm thick foam and lined with crocus bags. Under the local envi-
ronmental conditions, due to excessive dryness, frequent misting was needed to maintain 
the correct humidity in the huts. Misting twice a day, morning and afternoon, with a Fine 
mister was enough to maintain the required humidity in the room with insulated walls. 

Adequate air exchange is necessary to prevent build-up of high levels of carbon diox-
ide. The maximum amount of carbon dioxide should be 1,500 ppm. At the same time, the 
correct oxygen balance must be maintained. In general, the air exchange required is 25 m3/ 
h per m2 (Stamets and Chilton, 1983). This parameter was adequately met using a simple 
fan system with a filter. 

Flies were the main pest problem. The room used was not fly-screened. During the 
spawn run the fruit flies laid their eggs and the larvae fed on the mycelium. This was a 
major problem encountered using unpasteurized substrates, due to the fruity smell of the 
wet bagasse. On pasteurized bagasse, this problem was not encountered. Other problems 
were cockroaches, mice and rats. They all made holes in the bags and fed on the mycelium 
and the spawn grain. 

During the fruiting cycle, mushroom flies (sciarid fly) appeared in the huts. The flies 
fed on the pinheads and mushrooms and left holes on the mushroom and affected the ap-
pearance. Also damaged pinheads were deformed when matured. These flies were con-
trolled by smoking the huts twice a day. 

Other contaminating fungi were not much of a problem if the bagasse was fresh. On 
occasions when old bagasse (bagasse that was left outside the factories for long time) was 
used without pasteurization, the contaminants outgrew the mushroom mycelium and re-
duced the yield to nothing. This suggests that if old bagasse is used pasteurization is essen-
tial. 

Other problems encountered were: controlling the optimum moisture contents of the 
substrate; determining the correct inoculum level; over-compaction of the substrate. These 
problems can be overcome by proper staff training. 

SOME ECONOMIC ASPECTS OF MUSHROOM PRODUCTION 

Except for Barbados, the trade classification does not allow data on import of fresh and 
processed mushrooms in the eastern Caribbean countries to be singled out. For the other 
countries only mushrooms preserved in brine solution can be identified. Information on 
imports is presented in Table 5. 

The largest importer of mushrooms among East Caribbean countries has been Barba-
dos followed by St Lucia and Antigua (Table 5). During the period 1988 to 1994, the per 
kilogram c.i.f. cost of processed mushrooms ranged from a low of US$1.90 to US$4.80. 
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During that period also, the c.i.f. cost of fresh mushrooms imported into Barbados ranged 
between US$4.50 and US$l0.5(Vkg. 

Table 6 gives a crude indication of 'per-day' mushroom import equivalent into eastern 
Caribbean countries for the period 1988 to 1994. The per-day import is computed by divid-
ing the annuat import by 365, and gives an indication of daily production levels which will 
be required to meet the imported demand. By far, Barbados registered the largest per-day 
import equivalent. Processed mushrooms ranged from between 10 kg in 1991 and 31 kg in 
1994. For Dominica, the data show a decreasing trend of processed mushroom import vol-
ume. In 1991 for example, approximately 6 kg/day equivalent were imported. By 1991, the 
volume dropped to 1 kg. A possible explanation for the decreased import is the local pro-
duction of P. sajor-caju which began and substituted for imported processed mushrooms. 

Mushrooms can be produced commercially using high level technology or small cot-
tage industry operations. Resource requirements and estimated costs of production for each 
are presented in Tables 7 and 8. Under a high technology scenario, a unit for producing 
approximately 45 kg/day will require an investment estimated at US$83,375 for buildings 
and about US$98,325 for equipment. Annual operating costs are estimated at US$102,630. 
The individual item costs are shown in Table 7. 

Fresh mushrooms presently retail for approximately US$ 18/kg. With a farm-gate price 
of US$13/kg, investment into a 45 kg/day unit could potentially yield a rate of return of 
around 30%. 

The costs associated with a cottage industry type operation for producing around 2 kg/ 
day qre shown in Table 8. Due to the relatively low level of investment required, such an 
operation could potentially yield an extremely high rate of return of around 235%. 

Table 5 Import volume (kg) and c.i.f. cost (USS/kg) of mushroom for eastern Caribbean countries, 1988-1994 

1988 1989 1990 1991 1992 1993 1994 

Country Qty Cost Qty Cost Qty Cost Qty Cost Qty Cost Qty Cost Qty Cost 

Antigua 8.002 2.96 5,336 2.60 

Barbados 
Fresh 
Processed 

7,487 10.50 7,524 
2,484 

6.50 7,748 
3.00 2,302 

5.00 
2.00 

1,141 
4,569 

4.50 
2.50 

Dominica 2,191 2.60 1,545 2.20 947 3.30 364 5.20 

Grenada 3,158 3.70 1,582 4.80 4,056 3.30 2,415 2.60 4,602 3.30 

St Kilts 3,558 1.85 1,983 4.07 2,931 2.96 1,705 3.30 

St Lucia 1,227 3.30 5,622 4.80 8,318 2.60 

Si Vincent 4,061 2.96 1.509 4.45 
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Table 6 'Per-day* mushroom import equivalent into selected eastern Caribbean countries, 
1988-94 

Country 1988 1989 1990 1991 1992 1993 1994 

Antigua 22 16 

Barbados: Fresh 10 20 21 31 

Processed 68 63 125 

Dominica 6 4 3 1 

Grenada 9 4 11 7 13 

St. Kitts 10 5 8 5 

St. Lucia 3 15 23 

Both capital and operating costs are involved in the production of mushrooms. To de-
termine the production cost per unit, the capital costs must be expressed on an annual basis. 
For capita] items, the annual cost is not simply the total cost divided by the total life. The 
declining future value of an investment must be accounted for based on its marginal pro-
ductivity. 

For the 45 kg/day mushroom production unit, the annualized capital cost is US$32,158 
(See Appendix). Cost per year is estimated as the sum of the annualized capital cost and the 
operating cost for the year (US$32,158 + US$102,630) = US$134,788, with a production 
cost of US$8.47/kg. 

For the cottage industry type production unit, the annualized capital cost is US$925. 
The total annual cost of producing mushrooms under this scenario is US$(925+5929) = 
US$6854. The cost will therefore be around US$9.42/kg. 

CONCLUSIONS 

Tropical mushroom production in the eastern Caribbean can be technically and eco-
nomically feasible. However, the major constraint to the development of a viable industry is 
that there is insufficient know-how among local personnel on various aspects of mushroom 
production, A 'learning by doing' training approach should be adopted to overcome this 
constraint. 

While imports into most Caribbean countries seem relatively small, a promotional 
programme could develop awareness among consumers as to the nutritive value of mush-
rooms. This could result in an increased local consumption and demand. Furthermore, a 
niche export market for 'Caribbean Mushroom' can be developed. A sustainable mushroom 
industry could therefore contribute to the ongoing agricultural diversification process in the 
Caribbean. 
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Appendix 

The annual equivalent of an investment (capital cost) can be expressed as : 

q 
Acap = PV χ 

t - ( l+q) n 

where: Acap is the annualized capital cost 
PV is the present value of the investment cost 
q is the discount rate 
η is the useful life of the equipment. 

In the present case, taking the useful iife of the capital investment as 10 years and the 
discount rate as 12% the annualized cost of capita! expenditure used for setting up a mush-
room production unit for producing 45kg/day is: 

0.12 
181,700 χ =32,158 

1 -(1.12)-10 

Cost per year is estimated as the sum of the annualized capital cost and the operating 
cost for the year (US$32,158 + US$102,630) = US$134,788, with a production cost of 
US$8.47kg. 

For the cottage type industry operation, the annualized cost is: 

0.12 

5225 χ = 9 2 5 

1-(1.12)-10 

The total cost is then (US$925 + US$5,929) = US$6,854, with a production cost of 
US$9.42/kg. 
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CARTVAM - THE CARIBBEAN MYCORRHIZAL NETWORK 

Louis E. Chinnery 

Department of Biology, The University of the West Indies, 
P.O. Box64, Bridgetown, Barbados. 

CARIVAM - a network of Caribbean scientists studying mycorrhizae and agricultural-
ists interested in exploiting the benefits of mycorrhizal symbioses - was initiated during the 
31st Annual Meeting of the Caribbean Food Crops Society (CFCS). Coordination will be 
provided through the Department of Biology at the University of the West Indies and peri-
odic meetings will be held in association with future CFCS conferences. The aims of the 
network are to encourage collaboration, to share research results and to provide access to 
relevant literature. For more information contact Dr L.E. Chinnery or Dr S.B. Persad-
Chinnery at the above address. 
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IMPROVEMENT OF CROP PLANTS 
BY GENETIC ENGINEERING 

M. Bachew, A.T. A Heyne and A.J, Delauney 

Department of Biology. The University of the West Indies, 
P.O. Box 64, Bridgetown, Barbados 

ABSTRACT 

The major methods used to introduce genes into crop plants, including Agrobacterium-
mediated transformation, electroporation and particle bombardment are outlined. Their use 
for crop improvement in the areas of increasing resistance to insects, herbicides and micro-
bial pathogens, improving the nutrient value of seed and grain proteins, and enhancing the 
shelf-life of fruits are discussed. Future prospects for improving plant productivity, increas-
ing resistance to drought and salinity, and introducing nitrogen-fixing capability to non-
legumes are evaluated. 

INTRODUCTION 

The development of routine efficient transformation and regeneration protocols for 
numerous plant species of agronomic importance has made it possible to introduce into 
plants genes from other sexually incompatible plants, micro-organisms and animals which 
would not have been possible by conventional breeding practices. This has enabled de-
tailed investigations into how plant genes are regulated and has also provided avenues for 
the genetic improvement of crop species. Thus, gene transfer technology promises to sig-
nificantly enhance traditional breeding programmes, making a wide variety of genes avail-
able to the plant breeder and dramatically reducing the time required for the development of 
new cultivars with desired qualities. 

To date efforts to genetically engineer crop plants have involved the manipulation of 
single gene traits However, as more knowledge is obtained on the genetic basis of more 
complex traits, it is expected that genetic engineering techniques will be applied to multi-
genic traits. 

METHODS FOR GENETIC TRANSFORMATION OF PLANTS 

The most widely used technique for introducing foreign genes into plants relies on the 
soil dwelling bacterium, Agrobacterium tumefaciens (Rogers and Klee, 1987; Van Wordragen 
and Dons, 1992). This phytopathogen causes crown gall disease, characterized by the for-
mation of tumorous growths, in a wide variety of susceptible, mostly dicotyledonous, plants. 

Research on Agrobacterium as a plant pathogen has a long history but interest in this 
bacterium intensified in the mid-1970s when it was discovered that induction of crown gall 
disease involved the transfer of a piece of DNA from Agrvbacterium, to the infected plant 
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cell. Virulent Agrobacterium strains all possess a large plasmid, the tumour inducing (Ti) 
plasmid which contains the DNA to be transferred to the plant (T-DNA) and virulence (vir) 
genes that mediate the transfer process upon activation by molecules secreted from wounded 
plant cells. The genes on the T-DNA code for the synthesis of phytohormones (auxins and 
cytokinins) and opines which are amino acid derivatives; the unregulated production of 
phytohormones in the infected plant cell causes tumour formation while the opines serve as 
nutrients for the bacteria. 

The realization that Agrobacterium was a natural genetic engineer provoked great ex-
citement and expectation that a general method for efficiently introducing genes into plants 
could be developed, based on this organism. The T-DNA is bordered by sequences which 
specify the region of DNA to be transferred and it was found that any DNA sequence 
inserted between these borders effectively became part of the T-DNA and got transferred to 
the plant cell. However, because of its large size, the Ti-plasmid does not contain any unique 
restriction enzyme cleavage sites that would allow direct insertion of foreign DNA. A vari-
ety of vector systems were therefore developed to circumvent this problem; in the most 
widely used type of vectors (Rogers and Klee, 1987), a small vector containing the T-DNA 
borders is used for the insertion of the foreign DNA of interest. 

When this vector is introduced into an Agrobacterium cell containing a resident Ti 
plasmid, the vir region on the Ti plasmid is able to mediate the transfer of the recombinant 
T-DNA on the binary vector to the plant cell. Because the hormone synthesis genes nor-
mally carried on T-DNA prevents in vitro regeneration of transformed plants (a process 
requiring precise manipulation of phytohormone levels in the regeneration media), it is also 
necessary to 'disarm' the Ti-plasmid, i.e. to delete its phytohormone genes. These are re-
placed by selectable marker genes (on the T-DNA of the binary vector) that confer resis-
tance to antibiotics or herbicides and allow growth of only transformed plant cells on the 
appropriate selective media. 

For plants susceptible to Agrobacferium, this system has proved to be very effective in 
transforming many dicots and a few monocots (Van Wordragen and Dons, 1992). However, 
Agmbacterium-meàiated transformation is not applicable to most monocots and also some 
dicots which do not exhibit a pronounced wound-response. These include many species of 
agronomic importance such as cereal crops, sugar cane, papaya and several legumes. For 
such species alternative transformation strategies have had to be developed (Potrykus, 1991 ). 

It has been shown that DNA can be readily introduced into plant protoplasts (plant 
cells lacking a cell wall) by a variety of chemical and physical treatments (Potrykus, 1991) 
including treatment with polyethylene glycol (PEG), direct microinjection of DNA into 
nuclei of protoplasts, fusion of protoplasts with liposomes or spheroplasts carrying foreign 
DNA, and electroporation. 

Electroporation has become popular because of the ease of the procedure and the high 
transformation efficiency obtained. This method involves the passage of a high voltage 
pulse of electricity through a suspension of protoplasts and DNA; this produces transient 
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pores in the cell membrane which allow the uptake of the DNA. Using this method success 
has been achieved in generating transgenic plants of important monocot species like maize 
and rice. 

However methods using protoplasts as starting material have the disadvantage that it is 
necessary to regenerate whole plants from the transformed protoplasts. While plant regen-
eration from protoplast is possible with an increasing number of species, it has not yet been 
achieved with several important crop species, mainly monocots, that are recalcitrant to 
Agrobacterium-mediated transformation. It has been suggested that this is due to the lack of 
cells in these species that are competent for transformation and regeneration (Potrykus, 
1991 ). Such species do not display a wound response, typified by the dedifferentiation and 
proliferation of wound-adjacent cells which thereby become competent. It has been shown 
that Agrobacterium can transfer DNA into monocot cells as efficiently as into dicot cells, 
but it is thought that because the transformed cells are not competent cell proliferation and 
plantlet regeneration does not occur (Potrykus, 1991). 

In order to circumvent the need for regeneration from protoplasts, research has been 
targeting the transformation of intact tissues with a high regenerative potential such as 
proembryos and apical meristems. Success has been claimed for a variety of questionable 
techniques including electroporation of leaf tissue, electrophoresis of DNA into cells, pol-
len tube transformation, and even using microlaser beams to bum holes into cell walls. 
However, unequivocal evidence for transformation has been provided for two methods: 
microinjection in to zygotic and microspore-derived proembryos, and biolistics. To date, 
chimeras but no transgenic plants have been produced by microinjection whereas biolistics 
has proven itself to be one the most reliable techniques (Potrykus, 1991 ). 

Biolistics or microprojectile bombardment involves the coating of DNA onto small 
particles of gold or tungsten, then accelerati ng these particles to high speeds so that they can 
penetrate the tissue to be transformed. The technique so far has been used to produce 
transgenic plants in several difficult species including wheat, rice, maize, papaya, and soy-
bean, 

GENETIC ENGINEERING OF CROP PLANTS 

The development of techniques for efficiently transforming plants was quickly fol-
lowed by efforts to genetically improve crop species, by the introduction of genes which 
conferred desirable traits. Since the mid-1980s, a large number of genetically engineered 
crops have been produced; several have already undergone extensive field testing and in 
1994, the first genetically modified crop product, tomatoes engineered to prolong their 
shelf-life, reached the marketplace. Many more such products are expected to be marketed 
commercially over the next few years. Here we focus on the major areas where success has 
already been achieved in the genetic improvement of crop plants. 
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HERBICIDE RESISTANCE 

Herbicides are widely used in modem agriculture. By targeting plant specific processes 
such as photosynthesis and the synthesis of essential amino acids, it is not too difficult to 
produce chemicals that arc toxic to plants but not to humans and other animals. It is how-
ever, much more problematic to produce chemicals that are harmless to crops but are toxic 
to weeds, which in many cases belong to the same genera as the crop species. A number of 
recently developed potent herbicides suffer the disadvantage that they do not show the 
desirable selectivity against weeds. An effective way of obtaining the necessary selectivity 
is to engineer crop species to make them resistant to specific herbicides. Since research in 
plant genetic engineering has been funded predominantly by large agrochemical compa-
nies, it is not surprising that a major focus of this research is to produce crops resistant to the 
various herbicides manufactured by these companies. To date, resistance to a wide variety 
of herbicides has been introduced into different crops. 

The production of transgenic plants resistant to specific herbicides has been developed 
using three main strategies: (i) over-production of the target protein; (ii) desensitization of 
the target protein; and (iii) the introduction of a metabolic detoxification pathway for the 
herbicide (Quin, 1990). 

The strategy of over-production of the target protein was successfully demonstrated in 
transgenic petunia over-expressing the enzyme enolpyruvyl shikimate phosphate synthase 
(EPSPS). This enzyme is involved in the synthesis of aromatic amino acids and is inhibited 
by glyphosate. Similarly, resistance to phosphinothricin (active ingredient of Basta) has 
been demonstrated by the over-expression of glutamine synthetase, the enzyme inhibited 
by phophoinothricin. 

A higher level of resistance to phosphinothricin has been achieved by the expression of 
a phosphoinothricin acetyltransferase (PAT) gene in transgenic plants. PAT converts 
phosphointhricin to a non-toxic acetylated form. The incorporation of other bacterial detoxi-
fication pathways in transgenic plants has also resulted in resistance to the herbicides 
bromoxyl and phenoxyacetic acid. 

Desensitization of the target protein has been demonstrated in an alternative approach 
to engineering resistance to glyphosate. In this case, a mutant form of a bacterial EPSPS 
which was insensitive to glyphosate was expressed in transgenic plants. A similar approach 
has also been used to engineer resistance to imidazolinone herbicides which inhibit the 
synthesis of branched-chain amino acids. 

INSECT RESISTANCE 

Despite the extensive use of insecticides in agriculture, insect pests cause great damage 
to food crops. Genetically engineering plants to make them resistant to insects has the ad-
vantages that protection is effective throughout the growing season, is not affected by weather 
conditions, targets insects which actually feed on the plant, and is environmentally friendly. 
Conferring resistance to insects in transgenic plants has been achieved by the over-expres-
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sion of genes coding for proteins which inhibit insect feeding. The most successful ap-
proach has involved the introduction of genes coding for endotoxins of Bacillus thuringiensis 
(Bt). Different classes of endotoxins have been identified which have toxicity to lepidopteran 
(moth and butterfly), coleopteran (beetle), and dipterian (fly) larvae and the expression of 
Bt toxins in plants has afforded high levels of protection against caterpillar insect pests in 
both laboratory and field tests (Strittmatter and Wegener, 1993). 

Whereas endotoxins are directed at specific insect pests, other proteins which have a 
broader range act by reducing insect feeding, after having been ingested. Examples of these 
proteins include lectins, agglutins and proteinase inhibitors which have all been expressed 
in transgenic plants. However, since these proteins reduce insect feeding after they have 
been ingested, substantial crop losses can still occur when the insect population is high. 

VIRUS RESISTANCE 

Viral diseases are another major cause of crop losses and several approaches (Strittmater 
et al., 7993; Baulcombe, 1994) have been shown to be effective in engineering viral resis-
tance. The most common strategy involves the expression of viral coat protein gene in 
transgenic plants. It is thought that the presence of coat protein interferes with the uncoating 
of the virus which occurs prior to the viral replication. This strategy has successfully pro-
vided protection against a variety of viruses with RNA genomes (which constitute the ma-
jority of plant viruses) but is not effective against DNA viruses. It has been shown that 
resistance against the latter may be obtained by the use of antisense genes targeted against 
regions of the viral genome. 

Other promising strategies currently being investigated include the expression of novel 
RNA enzymes called ribozymes, and die expression of certain virus-associated RNA se-
quences (satellite RNAs) which are known to attenuate viral symptoms, and the expression 
of genes encoding antibodies specific to viral antigens. 

BACTERIAL RESISTANCE 

Crop losses due to bacterial and fungal pathogens are of great importance worldwide 
and particularly in tropical regions where climatic conditions are conducive to the prolif-
eration of bacteria and fungi. The genetic engineering of plants for resistance to these patho-
gens lagged behind the earliest efforts focused on engineering for resistance to herbicides, 
viruses, and insects, but recently, several successful strategies against microbial diseases 
have been reported. For example, the Pseudomonas syringae pv. tabaci, the causal agent of 
tabtoxin which inhibits glutamine synthetase. When a gene which leads to the acetylation 
and thereby inactivation of tabtoxin was expressed in transgenic tobacco, plants infected 
with P. syringae pv. tabaci did not display any of the chlorotic lesions normally produced 
by this pathogen (Strittmatter and Wegener, 1993). 

Another strategy involved alteration of the target enzyme of a bacterial toxin. 
Phaseolotoxin, produced by Pseudomonas syringae pv. phaseolicola, inhibits the enzyme 
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Ornithine carbamoyl transferase. When a gene coding for phaseolotoxin-resistant form of 
this enzyme was expressed in transgenic tobacco plants, they displayed a reduction in dis-
ease symptoms upon infection by the toxin producing bacteria. 

Resistance to various bacterial pathogens has also been achieved by expressing genes 
coding for a range of bactericidal proteins including lysozymes, cercropins and attacins in 
transgenic plants. 

FUNGAL RESISTANCE 

The development of genetically modified plants resistant to fungal attack has involved 
the expression in transgenic plants of genes encoding antifungal proteins and phytoalexins 
(Strittmatter and Wegener, 1993; Brears and Ryals, 1994). 

In response to infection by a pathogen, plants exhibit a systematic acquired response 
(SAR) which results in increased resistance of the whole plant to subsequent infection by a 
range of pathogens including viruses, fungi and bacteria. The SAR response is associated 
with the production of pathogenesis-related (PR) proteins including chitinases, glucanases 
and various proteins of unknown function. Bean endochkinase, expressed constitutively in 
transgenic tobacco and canola, conferred resistance to the fungus Rhizoct/om'a solani, which 
contains a chitinous cell wall. 

Ribosome-inactivating proteins (RIPs) are plant proteins which interfere with the func-
tioning of fungal ribosomes, thereby inhibiting fungal growth, without affecting plant host 
ribosomes. A barley RIP gene expressed in transgenic tobacco led to improved resistance to 
Rhizoctonia solani. 

Phytoalexins are low molecular weight, antimicrobial metabolites produced by plants 
in response to microbial attack. The expression of a grapevine gene coding for stibilene 
synthase in transgenic tobacco resulted in the synthesis of the phytoalexin, reservatrol and 
increased resistance to Botryfts cinerea. 

IMPROVED NUTRITIVE VALUE OF SEED PROTEIN 

Seeds provide a major source of protein for both humans and livestock; indeed, in 
many developing countries, they are the predominant proteins in human diets. Generally, 
seeds of legumes are deficient in sulphur-containing amino acids and tryptophan, while 
cereals contain low levels of tryptophan and lysine (Krebbers, 1992). Genetic engineering 
offers scope for elevating the levels of these amino acids in the proteins of cereal grains and 
legume seeds. 

The two main strategies used for improving the nutritive value of seed storage proteins 
in transgenic plants have involved either the introduction of a naturally occurring seed stor-
age protein gene coding for high levels of the desired amino acid or modifying existing seed 
storage protein genes to increase the levels of the desired amino acids (Krebbers, 1992). 
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As an example of the first approach, the gene coding for seed-specific, methionine-rich 
2S albumin of Brazil nut has been expressed in seeds of transgenic tobacco, rape and Vicia 
narbonesis, a grain legume (Saalbach et al., 1994). The second strategy is typified by the 
modification of genes encoding the 2S albumin of Arabidopsis thaliana and Brassica napus 
(canola) to give increased methionine or lysine residues (Krebbers et al., 1992). As more 
information becomes available about the regulation of seed storage protein genes and depo-
sition of the proteins in developing seeds, greater enhancement of the nutritive value of 
seed proteins can be expected. 

There are several other avenues through which the nutritive value of seeds can be 
improved by applying gene transfer technology. These include reducing the levels of 
anti-nutritional factors such as lectins, modifying the oil quality and content (Krebbers, 
1992). 

CROP IMPROVEMENT BY INACTIVATION OF TARGETED PLANT GENES 

Crop genetic engineering involves not only expressing new genes in transgenic plants 
but also inactivating specifically targeted genes. This has been most successfully achieved 
by antisense R N A technology (Van der Krol et al., 1988) which involves interrupting the 
flow of information from DNA via RNA to protein by the synthesis of a strand of RNA 
complementary to the target mRNA. The exact means by which antisense RNA brings 
about inhibition of the target gene is unknown; various hypotheses suggest that antisense 
RNA forms a duplex with sense RNA and the hybrid may be rapidly degraded in the cell, its 
transport from the nucleus to the cytoplasm may be interrupted, or it may be inefficiently 
translated by the ribosomes. Whatever the mechanism of action, it has proven to be a powerful 
tool for making directed mutations in transgenic plants. The use of ribozymes designed to 
cleave specific RNA sequences also has potential for the inhibition of targeted genes, but 
this technology is less developed than the use of antisense RNA. 

One of the earliest applications of antisense RNA was to inhibit tomato polygalacturonase 
(PG), which plays a role in the degradation of the cell wall, and therefore fruit softening 
during ripening (Fray and Grierson, 1993). Based on this reduction in PG, the first geneti-
cally engineered plant food product, Flavr-savr tomatoes from the biotechnology company 
Calgene was released on the market in 1994. These tomatoes, which have an increased 
shelf-life and are resistant to cracking and bruising, have been well received by the process-
ing industry and consumers in general. 

Antisense technology has also been used to inhibit pigment synthesis in flowers and is 
expected to be commercially applicable to the creation of novel flower colourations. As 
mentioned earlier, antisense RNA-mediated gene inhibition is also effective in conferring 
resistance to plant DNA viruses and will most likely find additional applications in reduc-
ing the presence of antimetabolites in seeds and other plant food products. 
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FUTURE PROSPECTS 

All the successes to date in creating agronomically improved transgenic crop plants 
have involved the manipulation of single gene traits. Ongoing basic research to more fully 
understand important multigenic traits like photosynthetic productivity, tolerance to envi-
ronmental stresses (drought, salinity and cold) and symbiotic nitrogen fixation in legumes, 
will eventually lead to the manipulation of these complex traits as well. 

Symbiotic nitrogen fixation is currently one of our major research interests. This sym-
biosis between legume plants and Rhizobium bacteria allows the plants to thrive in nitrogen 
deficient soils. Certainly it would be a landmark achievement of plant biotechnology if the 
capacity for symbiotic nitrogen fixation could be genetically transferred to non-legumes. 
However research has shown the symbiosis to be very complex, and although many of the 
important symbiosis genes on the bacterial side have been characterized, relatively little is 
known about the functions of the legume symbiosis genes. 

Whereas the transfer of nitrogen fixing capability to non-legumes seems a distant goal, 
the genetic improvement of existing symbioses may be a more realistic short-term objec-
tive. Our present research is aimed at increasing the efficiency of symbiotic nitrogen fixa-
tion by enhancing the assimilation of fixed nitrogen in the nodules of transgenic tropical 
legumes. In tropical legumes, fixed nitrogen is exported from the nodules as ureides which 
are oxidized products of de novo synthesized purines (Atkins, 1991 ). Our strategy involves 
stimulating the purine biosynthesis pathway in the nodules of transgenic tropical legumes 
and hence effecting an increased assimilation of fixed nitrogen. We have already cloned the 
gene encoding the rate-limiting enzyme of the purine biosynthetic pathway, and a transfor-
mation and regeneration protocol for a tropical legume is being developed. 

Improving the efficiency of symbiotic nitrogen fixation and ultimately engineering 
non-legumes to fix nitrogen are areas of plant biotechnology which will have particularly 
significant impact on agriculture in the Caribbean and other developing countries since it 
will minimize the need for expensive nitrogen fertilizers in crop production. Other areas 
where we feel this technology is of particular relevance to the Caribbean involve the genetic 
modification of crops for resistance to bacterial and fungal pathogens, and the engineering 
of crops to enhance the shelf-life of highly perishable fruits. For crop improvement by 
genetic engineering to be applied to Caribbean crops, an important prerequisite is the devel-
opment of reliable transformation and regeneration protocols for important crops such as 
banana, root tubers (yam, dasheen, sweet potato, tannia etc.) and sugar cane. In addition, in-
depth studies on plant-pathogen interactions and fruit ripening are necessary. It is hoped 
that the policy-makers and funding agencies will increase their support of research in these 
areas which will lead to greater agricultural productivity, food security and economic pros-
perity in the region. 
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ABSTRACT 

The first genetically engineered crops have been approved and released for commer-
cial production in North America. Before their introduction into the Caribbean, a number of 
questions will need to be answered. Amongst these are: (i) What do we know about gene 
flow between crop and weed species in the Caribbean?; (ii) Given the climatic conditions of 
the region, will plants engineered for resistance be effective?; (iii) Will genetically engi-
neered plants accelerate the erosion of indigenous varieties?; (iv) Do we have the appropri-
ate intellectual property rights?, and (v) Can our major crops be engineered to produce 
alternative industrial products? Each of these questions will be discussed. 

INTRODUCTION 

Genetic engineering is an all inclusive term used to cover all biotechniques used to 
alter the genetic makeup of organisms so that they can subsequently synthesize increased 
yields of compounds, form entirely new compounds, adapt to drastically changed environ-
ments such as drought and salinity, produce food with improved quality or exhibit resis-
tance to pest and diseases. The biotechniques of genetic engineering promise to solve prob-
lems that have not yet been solved by conventional breeding. Often these biotechniques 
involve manipulating genes in ways that bypass normal sexual or asexual transmission. 
Thus, genes can be transferred across taxonomic boundaries and this has created public 
concern. 

As a result of these concerns guidelines have been set up to regulate the introduction of 
transgenic plants into the field and into large-scale cultivation. A major task of the molecu-
lar biologist is to assure the regulatory agency that the transgenic plant will not become a 
plant pest or have other negative environmental impacts. This assurance can only be given 
after several years of highly controlled and contained field testing. Accordingly, although 
several agronomically important crops have been genetically engineered for selective traits, 
very few have been approved for release into the field for large-scale cultivation (Table 1). 

The first genetically altered food plant to be released in the USA for commercial pro-
duction and consumption is the Flavr-Savr tomato thai was developed by Calgene, Califor-
nia (Pennisi, 1994). The new tomato softens less readily than regular tomato because the 
polygalacturonase gene has been altered in the tomato genome causing less of a softening 
enzyme involved in fruit ripening to be produced. These transgenic tomatoes can remain on 
the plant for a longer period to vine-ripen without softening. Previously, tomatoes were 
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harvested green and firm, and ripened using ethylene gas. The flavour of vine-ripened to-
matoes is thought to be far superior than that of ethylene-ripened tomatoes. 

Another transgenic plant released for consumption in the USA is the Freedom II yel-
low crook-neck squash developed by Asgrow Seed Company, Michigan. Freedom II squash 
plants carry an inserted gene fora protein found in the water-melon mosaic virus 2 (WMV2) 
and the zucchini yellow mosaic virus (ZYMV) which make the transgenic squash resistant 
to these viruses (Anon, 1995b). 

Table 1 Some genetically engineered varirties of tropical crops 

Crop species Genetic modification* Reference 

Coffee 
(Coffee sp.) 

Herbicide tolerance and insect resistance Anon. (1994) 

Com 
(Zea mays) 

Herbicide tolerence, insect resistance, virus resistance, 
wheat germ agglutinin 

Kareiva (1993) 

Cucumber 
(Cucumis sativa) 

Virus resistance Kareiva(1993) 

Cotton 
( Gossypium 
hirsutium) 

Insect resistance, herbicide resistance, novel 
biopolymers (plants produce cotton that has wrinkle 
resistance, reduced shrinkage and reduced absorbency). 

Anon. (1994) 
Anon. (1995a) 

Langermann (1995) 

Jojoba 
( Simmondsia 

chinensis) 

Liquid wax production Anon. (1995b) 

Papaya 
(Carica papaya) 

Virus resistance Pers. comm. 

Potato 
(Solanum 

tuberosum) 

Exhibits no phenolic browning; virus 
resistance 

Zabeau (1995) 
Kawchuk et. al. 

(1991) 

Rice 
f Oryza sativa) 

Herbicide resistance (the bar gene from 
Streptomyces hygroscopicus encodes phosphinothricin 
acetyltransferase which confers resistance to the herbi-
cide bilanofas and glufosinate has been cloned into rice). 

Uchimiya (1993) 

Squash** 
(Cucurbita pepo) 

Virus resistance Anon. (1995b) 

Tomato** 
( Lycopersicon 
esculentum) 

Delayed fruit softening, delayed fruit ripening Pennisi (1994) 
Martin (1995) 

* Resistance expressed by transgenic plants is generally toward a specific insect, herbi-
cide or virus. Patents have been obtained for all trangenic plant varieties listed in the table 
** Crop plants that have been approved for release in North America 
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More recently, Martin (1995) reported the release of the Endless Summer transgenic 
tomato, developed by DNAP, California, for commercial growth and consumption in the 
USA. The gene responsible for the enzyme ACC synthase that is involved in ethylene pro-
duction has been suppressed so these tomatoes exhibit delayed fruit ripening. 

It is likely that several more genetically engineered crop plants will be released for 
commerce in the near future as approval has been given for a selected few to date. Thus, 
very soon farmers in the Caribbean may have the choice to grow genetically altered crops. 
For prudent decisions to be made about the introduction of transgenic crops in the Carib-
bean it is important to examine the implications of releasing these crops in the region. 

GENETIC RESOURCES AND GENEFLOW 

Despite the advances in molecular biology, genes cannot be created but originate from 
an existing organism. Consequently, to engineer new plant varieties researchers need to 
obtain the desired gene that may exist in an old variety or in an insignificant weed (Shiva, 
1989). The discovery and isolation of useful genes (for example, genes for disease resis-
tance and drought resistance) resident in wild type varieties of plants require their preserva-
tion if researchers are to use them to develop 'superior' plants. It should be noted that genes 
considered useful today may no longer be so as environmental conditions change. As 
biodiversity and genetic engineering are interdependent a balance has to be sought to pro-
tect biodiversity while still facilitating the development of better agricultural crops. Also, 
the opportunities provided by genetic engineering such as the transfer of genes between 
species further increase the potential of genetic diversity for enhancing agricultural produc-
tivity. 

It is possible that wild type relatives could be lost through genetic erosion by the intro-
duction of genetically engineered varieties. Therefore strategies have to be developed to 
minimize the effects of genetic erosion. Already the extensive use of genetically uniform 
crops is thought to promote genetic erosion and ultimately reduce genetic diversity. During 
the last 10 years the use of high-yielding varieties of plants and genetically improved vari-
eties have replaced several traditional varieties of the third world where most of the world's 
genetic resources lie. In Barbados the indigenous finger squash (Cucurbita sp.) is less widely 
cultivated and imported genetically uniform varieties of cucurbits have become the choice 
of many farmers. There is no germplasm collection for finger squash and at the moment the 
faithful traditional farmers are the unofficial custodians of this genetic resource. Similar 
situations exist for other crops in the Caribbean. 

No scientific studies have been conducted in the Caribbean to adequately answer the 
questions as to whether genetically engineered plants will accelerate the erosion of indig-
enous varieties when compared to growing genetically uniform plants, whether the poten-
tial for genetic erosion is similar for engineered and non-engineered crops or whether engi-
neered plants will have less of an impact on genetic erosion. However, high yielding variet-
ies developed by conventional breeding have been known to have detrimental effects on 
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native varieties elsewhere and one can only guess that similar effects may be incurred by 
introducing genetically engineered crops into the Caribbean region. Besides considering 
the actual physical replacement of native plants by genetically engineered ones in natural 
habitats, one has to consider the implications of genetlow between genetically modified 
plants and the native, wild type relatives. 

Geneflow is the exchange of genes between different populations, usually of the same 
species and results in changes in gene frequencies. The primary gene pool of a biological 
species generally includes domesticated forms, weedy forms and wild type progenitors (Sano, 
1993). Ail three forms tend to be compatible with each other. Nothing is known about 
geneflow between crop and weed species in the Caribbean. Escape can occur if the crop 
persists after harvest and becomes a weed of cultivation or becomes established outside of, 
but adjacent to, agricultural land. Alternatively, the introduced gene may be transferred via 
pollen to another crop or a wild species by sexual hybridization and the hybrid may become 
a weed. 

Research from outside the Caribbean has shown that some non-engineered agricultural 
varieties of plants can readily hybridize with wild relatives. This is particularly true for 
Brassica, Daucas, Raphanus, Helianthus and Sorghum (Col well et. al., 1985). Non-transgenic 
commercial sorghum (Sorghum bicolor) is sometimes contaminated with seed whose pol-
len parent is Johnson grass (Sorghum halepense) that produces an aggressive perennial 
hybrid weed in sorghum fields (Colweli et. a!., 1985). Also, Gressel (1992) reported that 
wild oats (Avena fa tua L.) cross readily with cultivated oats and there is evidence to suggest 
that wild oats are acquiring resistance to some herbicides from genetically modified oats. 
Franetovich ( 1995) reported thai herbicide resistant weeds particularly those resistant to 
triazine are becoming a major agricultural problem in many parts of the world. These stud-
ies have looked at closely related plant species but some commercially grown crops are 
intergeneric and as such their hybridization potential is likely to be higher. One such plant 
grown in the Caribbean is sugar cane (Saccharum sp.), where commercial varieties have 
been developed from intergeneric crosses (Maretzki, 1987). Therefore, if sugar cane is tar-
geted for genetic modification it would be imperative to incorporate precautions to reduce 
the potential of transmitting the introduced gene(s) to other grasses. The precautions taken 
to reduce the incidence of hybridization include: (i) planting a buffer zone of distantly 
related plants around the genetically engineered crop; (ii) engineering the transgenic plants 
for pollen sterility if the plant is not required to fruit; and (iii) unsynchronizing the time of 
flowering between the wild relative and the transgenic plant (Sawahel, 1994). 

The question remains as to the extent of hybridization that will occur between transgenic 
plants and relatives. What would be the implications of such a hybrid acquiring an agricul-
turally desirable trait? No long-term studies have been conducted to satisfactory answer 
this question. A study by Ellstrand ( 1988) showed hybridization between cultivated transgenic 
plants and wild relatives could occur in instances where the two plant types were separated 
by several kilometers. 
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Another concern about the use of transgenic plants is the possible invasiveness of these 
plants into natural areas where they are not wanted (Kareiva, 1993). One of the first studies 
done to evaluate the invasiveness of transgenic oilseed rape (canola) found that transgenic 
plants did not exhibit a different rate of population growth when compared to unmodified 
canola (Crawley e t al., 1993). Although the transgenic canola was not more invasive than 
the non-transgenic canola it is unresolved as to whether this observation is true for other 
crop species. 

PEST AND DISEASE RESISTANCE 

Formulations of Bacillus thuringiensis (Bt) have been used as biological insecticides 
to control agricultural pests. One such formulation is Dipel (Abbot Laboratories). Strains of 
the bacterium B. thuringiensis are unique in that they produce insecticidal compounds dur-
ing sporulation that are specific and toxic to different insects. For example, the compounds 
from B. thuringiensis subsp. kurstaki are toxic to lepidoptera while B. thuringiensis subsp. 
tenebrionis is toxic against coleoptera. The compound when ingested and dissolved in the 
midgut of insect larvae, breaks down to produce endotoxins that alter the osmotic status of 
the gut epithelium cells causing them to burst (Hofte, 1989). When this happens, the larvae 
stop feeding and eventually die. B. thuringensis insecticides have been useful in that they 
are highly active and are harmless the environment as they do not persist in the field. 

However, for a longer lasting effect plant transformation techniques have been used to 
introduce specific Bt genes into the genome of agricultural crops such as cotton and potato. 
When these insect-resistant trangenic plants are grown extensively they wilt inadvertently 
support several generations of the target insect. Although these populations will be small, 
they would be exposed continuously to the toxin, conditions conducive to the development 
of resistance. A laboratory experiment conducted by McGaughey (1985) found that after 
two generations of the Indian meal moth (PIodia interpunctella), a 30 times increase in 
resistance to Dipel was recorded. After 15 generations, resistance was 100 times higher 
than that of the control. 

The Caribbean region is tropical and as such is characterized by a continuous growing 
season. Thus, trangenic plants with Bt genes introduced, are unlikely to function effectively 
for any length of time, as continuous generations of the target insect would promote resis-
tance development. Thus, a modified Bt gene would have to be introduced periodically to 
prolong insect control. Resistance is less unlikely to arise in temperate regions as rapidly as 
in the tropics since winter disrupts plant growth which naturally reduces or eliminates pest 
populations. It is possible that transgenic plants containing Bt gene may only offer short-
term relief in pest management in the Caribbean unless a programme is initiated to engineer 
altered versions of the gene. 

Similar problems would be expected with plants engineered for resistance to patho-
gens. 
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INTELLECTUAL PROPERTY RIGHTS 

As genetic engineering is profitable, there is the desire to establish ownership of ge-
netically improved plant material. Breeders rights, intellectual property rights, farmers rights 
and patents are types of protection that have been ascribed to genetically modified plants. 
There is no formalized legislation to govern the use of genetically engineered crops in the 
Caribbean. Without this the potential for this region to become a testing ground for biotech-
nology companies is a realistic concern. Also, the lack of regulation in the region may cause 
seed companies to withhold genetically engineered varieties from growers as they would 
not have any legal rights on the use of their products Accordingly, the appropriate legisla-
tion should be developed soon to reflect the advances in scientific developments. 

Without the proper legislation the cost of food production may increase in the Carib-
bean with the introduction of genetically engineered plants. For example, without farmers' 
rights legislation, farmers would be unable to use trangenic seed that had been collected on 
their holdings. If the seeds are hybrid then a new batch would have to be purchased repeat-
edly for planting. Additionally, some biotechnology companies are Licensing biotechniques 
or obtaining broad patents which could increase the cost of agriculture as now royalties will 
have to be paid in order to grow certain crops. Examples of companies seeking broad pat-
ents include Agrecetus that has applied for a patent that would cover all genetically engi-
neered soybeans and Calgene that has applied for a patent that would cover all genetically 
engineered vegetables in the brassica family. 

The development of techniques to genetically engineer crops can be of additional con-
cern depending on who makes the decision on how a particular crop is engineered. This is 
exemplified by the following examples. ESCAgenetic has received a US patent on the ge-
netic modification of coffee cells and the method of producing coffee plants and seeds from 
the cells (transformation system) (Anon., 1994). Coffee represents a large proportion of the 
total exports of many third world countries and techniques to produce a 'superior' variety 
are obviously advantageous. As such engineering for herbicide tolerance and pest resis-
tance (for example, coffee leaf rust, Hemileia vastatrix, and coffee berry disease, Glomerella 
cingulata) would be more beneficial to the countries whose major export crop is coffee. 
However, engineering for frost resistance that would transfer the coffee production to a 
more temperate climate or engineering for uniform flowering or other traits that facilitate 
mechanical harvesting would have a serious implications on employment in places like 
Colombia, El Salvador, Burundi, Ethiopia, Rwanda, Uganda, and Jamaica. 

Cotton and oil palm are also widely grown in the third world for which North American 
patents were sought. The world's supply of laurate originates from coconut and palm ker-
nels grown in tropical third world countries. Oilseed rape (canola) normally grown in tem-
perate climates has been engineered to produce high levels of laurate that now enables 
temperate regions to produce a product that previously could only be obtained from the 
tropics (Anon, 1995c; McDonnell, 1994). This could have negative economic impacts for 

' 1 8 3 



several countries in Asia. In such situations genetic engineering would not have helped 
agricultural advancement in the developing world. 

OTHER CONSIDERATIONS 

When a gene is introduced into a plant it is usually accompanied by a selectable marker 
gene that allows distinction between transgenic and non-transgenic plants. Commonly used 
selectable markers are antibiotic resistance genes and herbicide resistance genes. Limited 
research has been done to examine the possibility of: (i) transfer of antibiotic resistance 
genes f rom plants to pathogenic micro-organisms, and (ii) antibiotic resistance spreading to 
human pathogens rendering antibiotic therapy less effective or ineffective (Harding, 1995). 

Another concern also arises about food that contains live genetically modified organ-
isms, for example yoghurt, if the genetically modified organism is carrying an antibiotic 
resistance marker gene. It is known that feeding antibiotics to farm animals encourages 
antibiotic resistance in humans (Slayer, 1995). Certainly more research is needed in this 
area to determine the risk associated with using antibiotic or herbicide resistance genes as 
selectable marker genes in transgenic plants. One option to consider is the replacement of 
these genes after the research and development phase with another gene of lesser conse-
quence. Moffat ( 1991 ) discussed a new procedure that could be used to excise marker genes 
after the plants have acquired the gene of interest. Markers are difficult to remove as they 
are linked to the gene of interest and therefore cannot be bred out by standard procedures 
without losing the gene of interest. The new procedure uses the enzyme 'Cre' (control of 
recombination) isolated from a bacterial virus which functions like scissors by cutting out 
any DNA located between a pair of identical 34 base pair sequences. 

A further concern is the 'limited' knowledge that presently exists about the functions 
of DNA. There is no guarantee that the function of a known gene introduced into another 
species will be expressed in exactly the same way it was expressed in the organism from 
which the gene was isolated and characterized. How do we know that the gene introduced 
into a crop will not affect the expression of other genes in the plant with consequences to 
human health? Knowledge about DNA is rapidly changing and there are still many ques-
tions about the functioning of DNA that are not known. The knowledge of non-coding 
DNA exemplifies this point. Coding regions of DNA are separated by non-coding sequences 
referred to as ' junk' DNA. It is widely thought that junk DNA is functionless and represents 
ancestral DNA sequences for which there is no present need. However, recent studies sug-
gest that junk DNA may be functionally important in cells and may be involved in gene 
regulation ^and in DNA repair (Stanley, 1995). 

Another concern is that genetic engineering has resulted in the alliance of university 
research programmes and private sector biotechnology companies as commercialization of 
products from the application of the biotechniques is essential for continuance. The impli-
cation of this phenomenon is that important areas of agricultural research without a com-
mercial potential are likely to be neglected for more profit oriented research. 
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USES OF MOLECULAR BIOLOGY IN THE CARIBBEAN 

Genetic engineering should not only be viewed as biotechniques to improve food pro-
duction. The biotechniques can be used to produce novel industrial products. This point 
could be expounded by considering the decline in the banana industry in the eastern Carib-
bean that has created an impetus for agricultural diversification. It is possible that genetic 
engineering could be employed to develop transgenic banana plants that produce a novel 
product with commercial value like biodegradable plastics. Polyhydroxybutyrate (PHB), a 
biodegradable thermoplastic, is commercially produced by fermentation using the bacte-
rium Alicagenes eutrophus (Hemming, 1995). This process of plastic production is expen-
sive. An alternative would be to introduce the gene for PHB into banana. These transgenic 
plants would produce high levels of PHB that could be extracted and exported or processed 
regionally. A tissue culture regeneration system already exists for banana and the PHB gene 
has already been isolated and cloned, hence some major steps to achieve such an objective 
already exist. However, the fruits from such transgenic plants will no longer be edible! 
Promising progress has been made in using plants to produce biodegradable plastics. 
Sommerville (1995) reported high levels of PHB in transgenic Arabidopj î j and is presently 
working on transferring the PHB gene into Solanum potato. 

Genetic engineering can be used to assist in the protection of endangered species by 
developing novel ways of producing a desired commodity previously obtained from these 
endangered species. An example of this is the introduction of a reductase gene from rape-
seed into jojoba to enhance long chain liquid wax production (Anon., 1995b). These waxes 
are used in the manufacture of cosmetics and lubricants and previously were obtained from 
sperm whales. 

CONCLUSION 

Genetic engineering promises food with a higher nutrient content, longer shelf-life, 
drought-resistant plants, plants with disease resistance, plants with high yields. Although 
many scientists believe that through genetic engineering, the world's food production can 
be secured for the future, there is resistance by sceptics to embrace the technology. This 
resistance to genetic engineered crops is realistic and justifiable since only a few decades 
ago researchers promised food security in abundance with the use of high-yielding varieties 
thereby starting the Green Revolution. Yet famine almost became widespread in parts of 
Asia as a result of occurrences that had not been taken into account. Many people believe 
that it is not the amount of food that is produced but rather the distribution of the food. 
Some argue, for example that the introduction of nitrogen-fixing genes in maize is not 
relevant and a natural method of intercropping maize with legumes is a better and less risky 
option than genetically engineering plants with Rhizoi>i«m genes. 

There are several considerations that must be addressed before genetically engineered 
crops are introduced into the Caribbean. Such considerations are: (i) the effect transgenic 
plants will have on the natural flora; (ii) the safety of products of these plants to consumers; 
and (iii) the financial impact these crops will have on agriculture. This presentation does 
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not advocate outright rejection of transgenic plants but rather cautions that appropriate studies 
must be done to evaluate the introduction of these plants into the region before a decision is 
made. In this evaluation, consideration should also be given to the positive ways in which 
the biotechniques of genetic engineering can be applied to produce novel products from 
traditional agricultural crops. 

Finally for consideration is the question to which no satisfactory answer has been given 
by the scientific community: what is the sustainability of genetically modified varieties 
when the improved attribute is usually based on one gene? 
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A SURVEY OF SOME FOOD CROP GERMPLASM RESOURCES 
AND ITS MANAGEMENT IN THE CARICOM REGION 

Herman Adams'. Brenda Forde2 and Michael Larinde2 

' Caribbean Agricultural Resarch and Development Institute, P.O. Box 10531, 
University of Guyana Campus, Turkey en, Georgetown, Guyana 

2 National Agricultural Research Institute (NARI) 
Mon Repos, East Coast Demerara, Guyana 

3 Chief Technical Advisor, FAO/CAR1COM 'SEED'Project, 

The germplasm management of some important food crops was described for Antigua, 
Guyana, Belize, Barbados, Trinidad and Tobago, Dominica, Montserrat, St Vincent, 
Suriname and Grenada. The more sustained and successful germplasm management in the 
CARICOM countries were with crops which were developed mainly for export and for 
which funds from earnings were ploughed back into research and hence germplasm man-
agement. It was therefore recommended that germplasm management funds (GMFs) be set 
up at the national and regional levels to ensure sustainability to the continuous management 
of a priceless and irreplaceable resource which was rapidly being lost. The GMFs could be 
replenished by levies on the export of crop products or any other effective mechanism. 
Germplasm collections for medium and long-term conservation were best held by interna-
tional organizations and working collections were best kept at the regional and national 
levels. The two-way flow of germplasm between the international gene banks and the re-
gional and national bodies was strongly recommended. Narrow germplasm bases of food 
crops needed to be widened through the introduction of many accessions, evaluation in 
regional trials and releases of many cultivars with high adaptabilities, inter alia. The valu-
able land races in the CARICOM region needed to be collected, characterized and con-
served before this germplasm is irretreviably lost and thus result in major reductions to the 
food crop biodiversity of the region. 
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ABSTRACTS OF POSTER PAPERS PRESENTED 

CASHA CONTROL ON US VIRGIN ISLANDS PASTURES 

Martin B. Adjei and Olasee K. Davis 

University of the Virgin Islands Cooperative Extension Service, RR02, 
Box 10,000 Kingshill, St Croix, US Virgin Islands 00850 

The island of St Croix had a long history of sugar-cane fanning until 1966 when the 
industry phased out. Aa a result, many sugar-cane acres were turned into pastureland for 
livestock production. However, this industry's forage resource is threatened by overgrazing 
which increases the invasion of weed pests. Casha (Acacia spp.), a woody shrub, is the St 
Croix number one weed and causes more economic loss than any other weed species. This 
weed competes with desirable pasture forage species for nutrients, water, sunlight, and space, 
and is barely edible for animals because of its large, sharp spines that injure both man and 
animals. On-going demonstration research is being conducted on farms to find ways to 
control this weed. Traditional, integrated, mechanical, and chemical control have been tested 
on a number of island farms, including the Virgin Islands Agricultural Experiment Station, 
to determine which methods are cost-effective in controlling casha. 

RESEARCH, DEVELOPMENT AND TECHNICAL ASSISTANCE 
AT THE CARDI TISSUE CULTURE LABORATORY, BARBADOS 

Janice M. Bateson and Litta Paulraj 

Caribbean Agricultural Research and Development Institute, 
P.O. Box 64, Cave Hill Campus, St Michael, Barbados 

Diversification thrusts across the region have resulted in an upsurge in demand for 
planting material of non-traditional crops and research and development activities at the 
CARDI tissue culture laboratory have been concentrated on developing and adapting tech-
nologies applicable to this range of locally and regionally important commodities. The se-
lection of these commodities for inclusion in the workplan is based on two major criteria: 
(i) potential of the given commodity to provide economic and financial benefits to the 
laboratory's clientele - farmers, commodity groups and governments, and (ii) the potential 
impact that correctly applied biotechnologies may have on the quality, quantity and avail-
ability of the planting material. Work at the laboratory involves a wide range of commodi-
ties. The major species being pineapple, papaya, Musa spp., anthurium, orchid, heliconia, 
agave, sweet potato, yam and cassava. Other commodities with potential importance are 
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continually being considered for possible addition to the workplan. The tissue culture work 
is complemented by a pathology unit whose diagnostic advice is invaluable to the tissue 
culture process. Assistance and diagnostic services are also provided to CARDI's Vegetable 
Centre. 

PRODUCTION OF PLANTING MATERIAL AT THE CARDI 
TISSUE CULTURE LABORATORY 

Janice M. Bateson and C. Scantlebury 

Caribbean Agricultural Research and Development Institute, 
P.O. Box 64. Cave Hill Campus, St Michael, Barbados 

The CARDI tissue culture laboratory is located in Barbados and has been operational 
since 1982. The laboratory was originally designed as a yam propagation unit to produce 
virus-tested planting material for local growers, particularly of the popular variety, White 
Lisbon, but in recent years severe attacks of anthracnose have dramatically reduced the 
acreage of White Lisbon in Barbados. There has, however, been an upsurge in demand for 
planting material of other crops in response to regional diversification thrusts and the CARDI 
tissue culture laboratory is now used to serve regional as well as local needs. During 1993, 
the laboratory was expanded and is now currently producing planting material on a large 
scale to supply contracts from throughout the region. Planting material is supplied on con-
tract to fanners, ministries of agriculture and other institutions as well as to other CARDI 
units. Current contracts cover the production of many varieties of banana, plantain, pine-
apple, papaya, anthurium and orchid. The tissue culture laboratory can access planting ma-
terial of new or novel varieties for multiplication or can multiply material supplied by the 
contractor. 

SMALL FARMER: CHANGING ROLE IN A MODERN 
BARBADOS 

Leslie Brereton 

Ministry of Agriculture and Rural Development; 
Graeme Hall, P.O. Box 505, Christ Chutvk, Barbados 

Twenty-five years ago, the small farmer was mainly involved in farming for home 
consumption. The main crops produced were, sweet potato, yam, eddoe and pumpkin, all 
inter-cropped at some stage with sugar cane. In the backyard, trees like breadfruit, mango 
and avocado were planted, the fruits of which were for home use. The small farmer has now 
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grown to be the major force in the production of export crops (75% of okra, 50% of butter-
nut squash, 25% of sweet potato, 100% of spinach and coconut and 75% of the hot peppers) 
and a substantial producer of food crops (40%). Many of these changes came about as the 
result of the change in the extension approach and the use of drip irrigation as introduced 
during 1984. This sector represents 90% of the fanning community, of which less than 15% 
are bona fide full-time farmers. They own 10% of the arable land with plot sizes ranging 
from 0.1 to 8 ha. 

AGRICULTURAL INFORMATION SERVICES, THE CENTRE OF 
AGRICULTURAL INFORMATION IN BARBADOS 

Mark Byer 

Agricultural Information Services, Ministry of Agriculture and Rural Development, 
Graeme Hall, P.O. Box 505, Christ Church, Barbados 

The Agricultural Information Services unit is mandated to collect, store, catalogue and 
maintain a library of agricultural and agriculturally related information on diverse media 
for use by researchers, the farming community and the general public. Its activities are 
pivotal to the overall development of agriculture in Barbados Its programmes continue to 
expand to fulfill its role, and to reflect technological advancements. The printed word, the 
electronic media, field days, and seminars are all part of the weaponry of the unit. The unit 
produces a farmers* magazine, an interdepartmental newsletter, two radio programmes, the 
Ministry's annual report, an annual farmers calendar, and several booklets and factsheets. It 
is in the process of publishing the new Crop Recommendations for the Agronomy Unit, and 
developing its on-line access to the Internet. The unit is also a focal point for interaction 
with other agricultural institutions, locally, regionally, and internationally. This poster high-
lights the major information flows into and out of the Agricultural Information Services. 

PRODUCTION AND POST-HARVEST HANDLING PRACTICES 
FOR ONIONS 

Frances L Chandler 

Caribbean Agricultural Research and Development Institute, 
P.O. Box 64, Cave Hill Campus, St Michael, Barbados 

Production practices from land cultivation to harvest as well as drying and preparation 
of bulbs for the market are described. Details of these practices are given in CARDI Tech-
nical Bulletin No. 25, 'Grdwing dry bulb onions in the Caribbean'. 
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NEW Heliconia psittacorrum CULTIVARS FROM SEED 

Jeff St. A. Chandler and Louis E. Chinnery 

Department of Biology, The University of the West indies, 
P.O. Box 64, Bridgetown, Barbados 

Like many other crops propagated asexually, when Heliconia psittacorrum L.f. is grown 
from seed a high degree of variation is exhibited. The presentation reviewed this variation. 
This highlighted the high degree of variation in bract colour. Photographs of maternal 
parents and new cultivars obtained from their seed progeny were displayed. 

IS SEED PRIMING A SOLUTION TO THE PROBLEM OF POOR 
SEED GERMINATION IN THE HOT MONTHS? 

Louis E. Chinnery 

Department of Biology, The University of the West indies, 
P.O. Box64, Bridgetown> Barbados. 

In the hotter months of the year, Barbadian farmers experience poor germination of 
small seeded vegetable crops, e.g. carrot (Daucus carota L.) and onion {Allium cepa L.). 
Seeds of two carrot ( 'Karoda ' and 'Chantenay') and two onion cultivars ( 'Arad ' and 'Grand-
stand') were soaked for 24 h in either polyethylene glycol (PEG 6000) or potassium nitrate 
solutions. PEG was used at 2 0 , 2 5 and 30% and KNO., at 2, 3 and 4%. After treatment, the 
seeds were washed in distilled water and dried for 3 days at 30 °C. Seeds f rom each cultivar-
treatment combination and untreated controls were then planted in 25 seed batches on the 
surface of soil in 9-cm petri dishes. These were then incubated at 30 or 37 °C and monitored 
daily for germination. Benefits of priming were seen at 30 but not at 37 °C. Germination of 
both onion cultivars and Chantenay carrot was enhanced by K N O , priming. It is suggested 
that for Grandstand, seed priming could be used to reduce the amount of seed planted. 
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GROWTH ANALYSES OF A SWEET POTATO CULTIVAR 
SUBJECTED TO VARIOUS NITRATE:AMMONIUM RATIOS 

P.P. David, A.A. Trotman. D.G. Morllew C.K. Bonsi. 
P.A. Loretan and W.A. Hill 

Tuskegee University. Tuskegee, Alabama 36088, USA 

A study was conducted in a greenhouse in order to quantify the difference in growth of 
a sweet potato cultivar as affected by five nitrate:ammonium ratios. Plants were grown 
from vine cuttings of 15 cm length, planted in 0,15 χ 0.15 χ 1.2 m growth channels using a 
closed nutrient film technique system. Nutrient was supplied in a modified half-strength 
Hoagland's solution with a 1:2.4 N:K ratio. Ratios investigated were 100:0; 0:100; 40:60; 
60:40; a control consisted of a modified half-Hoagland solution with an N:K ratio of 1:2.4 
and an NH4

+:N0," of 1:7. Treatments were initiated 30 days after planting (DAP). Sequential 
plant harvest occurred at 60 DAP until final harvest at 150 DAP. At each harvest, plants 
were separated into their various component parts and analyzed for total dry weight accu-
mulation, leaf area index (LAI), specific leaf area (SLA), and leaf area ratio (LAR). The 
results showed a linear response throughout the growing season in total dry weight accumu-
lation regardless of the ratio of NH4

+:N0,' supplied. Highest dry matter accumulation oc-
curred in plants supplied with 100% N0, ' -Nor the control, while plants supplied with 100% 
N H / - N showed the least accumulation. LAI was optimum at 150 DAP for all ΝΗ,+:Ν0., 
ratios except from the 100% N H / - N source. While plant SLA for all NH/ iNO, ratios fluc-
tuated throughout the growing season, the LAR showed a consistent increase beginning at 
90 DAP. 

CANOPY GROWTH AND LIGHT INTERCEPTION BY THREE 
HEDGEROW SPECIES IN AN ALLEY CROPPING SYSTEM ON 

ST CROIX 

J.J. O'Donnetl, M.C. Palada and A. Butbulla 

Agricultural Experiment Station, University of the Virgin Islands, RR2, 
Box J0,000. Kingshilt. St Croix. U.S. Virgin islands 00850 

As part of a long-term study of vegetable alley cropping systems in the USVI, three 
tree species - Gliricidia sepium (Jacq.) Kunth, Leucaetia leucocephala (Lam.) De Wit and 
Moringa oleifera L. - are being evaluated for use as hedgerows. Since hedgerow-crop com-
petition for light is a major factor in yield reduction in alley cropping systems, an analysis 
of hedgerow canopy growth and light interception for these three species was conducted. 
Hedgerow height and width were measured immediately prior to pruning. Shadow lengths 
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of hedgerows were measured between 9 a.m. and 10.30 a.m. and again between 2 p.m. and 
3 p.m. and percent shade within the shadow profile determined. Overall, moringa produced 
the tallest (244 cm) hedgerows and gliricidia the widest (199 cm). Moringa hedgerows 
produced the longest shadows in both the morning (212 cm) and afternoon (182. cm). Shade 
cover was densest for moringa and gliricidia in the morning (83%) while gliricidia and 
leucaena produced the densest shade in the afternoon (78%), although defoliation by in-
sects may have reduced shade density in the leucaena hedgerows. The results indicate that 
moringa may have the greatest influence on companion crop growth due to overall shadow 
length and density of shade. Gliricidia, while producing the widest hedgerows and densest 
shade, may only affect crops in the row closest to the hedgerow due to its low growth. 

PRELIMINARY TRIALS WITH TWO FHIA BANANA 
CULTIVARS ON ST CROIX, USVI 

Christopher Ramcharan, J.J. O'Donnell and A. Bulbulla 

University of the Virgin Islands, Agricultural Experiment Station, RR 02, 
P.O. Box 1000, Ktngshill, St Croix, U.S. Virgin Islands 00850 

The Fundacion Hondurena de Investigacion Agricola (FHIA) cvs. FHIA-01 and FHIA-
03, introduced in May 1993 from La Lima, Honduras as tissue-cultured plantlets to St Croix, 
USVI, were evaluated for growth and yield performance. After 6 months in a 53% 
shadehouse, plants were transplanted at a spacing of 2.4 χ 1.8 m and drip-irrigated using 
initially one, and later two, 8-L/h emitters per plant. Preliminary results from the FHIA-01 
plant crop indicate good growth and drought tolerance with bunch yields of up to 20 kg with 
an average of seven hands and 82 fingers per bunch. Plants averaged 265 days to flowering 
when they were 1.9 m tall, 44 cm in stem diameter (needing no staking) and had two suck-
ers and 14 green leaves per adult plant. A total of 361 days were required after planting for 
harvesting and approximately six more days for ripening. Although no first ratoon plants 
have yet been harvested, initial observations so far indicate taller plants averaging 3 m and 
larger bunches with hands and fingers numbering eight and over 100, respectively. Plant 
crop data for FHIA-03 indicate average bunch weight of 16 kg with six hands and 88 fin-
gers. Both cultivars have thick waxy leaves and were bred for resistance to leaf spot disease 
which is not a major problem in the USVI. Their thick-leaved nature however increases 
their drought tolerance due to less evaporative water loss and makes them ideal for condi-
tions in the Virgin Islands. Thicker leaves are also less prone to wind-induced stripping, a 
major constraint factor in banana production in the Virgin Islands. Plant vigour so far indi-
cates good tolerance to nematode infestation which can also be a major banana-growing 
constraint factor. No plants have yet been lost to Fusarium wilt which severely afflicts both 
Cavendish and Apple-flavoured (silk) bananas in the Virgin Islands. Among the FHIA-03 
plants there has been no incidence of bacterial wilt which afflicts local Bluggoe cooking 
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banana plants. Some pH-induced leaf chlorosis occurred in both FHIA cultivars but this 
was limited to the drier windy months of December to March. Originally thought to be 
banana leaf streak (BLS) virus disease, chlorosis in affected leaves proved negative to viral 
tests done at the Department of Plant Pathology at the University of Minnesota. 

MICROBIAL DIGESTION OF SWEET POTATO BIOMASS 

A.A. Trotman, A.D. Alexander, 5. Ashford and L Young 

Tuskegee University, Tuskegee Institute, Alabama 36088, USA 

Plant biomass can provide an alternate crop growth medium for controlled environment 
agriculture. Degradation of sweet potato biomass was studied using an integrated system of 
aerobic/anaerobic reactors when lignocellulolytic and amylolytic bacterial cultures were 
used as hydrolysing agents, in pure culture. The biomass used in this study was obtained 
from sweet potato grown hydroponically in a controlled environment. Measurement of the 
rate of hydrolysis of sweet potato foliar biomass by soil bacteria and specific growth rates 
of biodégradation showed soil bacterial isolates had different hydrolytic abilities within 
each biodegradative grouping. Amylolytic isolates, WDSt 3A and WLSt 7A, resulted in 45 
and 23% reduction of total dissolved solids, respectively, after incubation (30 °C) for 48 h. 
The solid and liquid fractions were assayed by ion chromatography for ionic speciation and 
the organic constituents (sugars and acids) were determined by HPLC analyses. The effect 
of utilizing the liquid fraction from the bioreactor as a crop growth medium was also inves-
tigated. Ratios (0:100; 20:80; 50:50; 80:20; 100:0) of filtrate to a complete liquid growth 
medium (modified half-Hoagland's) were used to grow sweet potato vines and lettuce. 
Growth of sweet potato vines and storage root initiation were assessed after 60 days. Let-
tuce plants were grown for 28 days and total plant biomass evaluated. 

CARBON SEQUESTRATION IN TROPICAL SOILS AS A 
FUNCTION OF EDAPHIC AND ENVIRONMENTAL FACTORS 

M.A. Väzquez, V.A. Snyder, M.A. Lugo-Lopez and F.H. Beinroth 

Department of Agronmy and Soils, University of Puerto Rico, 
Mayaguez, Puerto Rico 00681-5000 

It has been established that soils are the largest non-fossil terrestrial reservoirs of organic 
carbon on Earth. There are indications of probable cause and effect relationships that con-
trol carbon sequestration in tropical soils. Some of these relationships are being explored by 
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the University of Puerto Rico with funding from the USDA Natural Resource Conservation 
Service. In this study, the soils of Puerto Rico were grouped according to qualitative vari-
ables such as moisture regime, mineralogy, texture, land-use patterns and classification at 
the order level of soil taxonomy. Within each group, or combination thereof, organic carbon 
sequestered in the top 50 cm of the soil was correlated against quantitative variables such as 
clay content, cation exchange capacity, mean annual rainfall, mean annual temperature, and 
the ratio of rainfall to temperature, which served as an indicator of the average rainfall/ 
évapotranspiration ratio. As expected, the quantitative variables that most correlated with 
sequestered carbon varied across groups. In kaolinitie and oxidic soils, and in soils in ustic 
environments, sequestered carbon was best correlated to soil clay content. In aquic soils of 
all mineralogies, only temperature (negative correlation) and rainfall (positive correlation) 
were significantly related to sequestered carbon. Both clay content and climate (rainfall and 
temperature) were determining factors in udic soils with mixed mineralogy. None of the 
quantitative variables had any significant effect in montmorillonitic soils, suggesting that 
mineralogy itself was the dominating factor. Most of these trends seem consistent with 
what has long been known regarding carbon accumulation in soils, namely that net accu-
mulation is favoured by rapid additions (requiring relatively moist conditions) and slow 
oxidation (requiring low temperatures and/or anoxic environments). Land use (cropland, 
foresttand or grassland) and moisture regime (aquic, udic or ustic) interactively determined 
which quantitative variables were most influential. In aquic soils under forest, organic car-
bon was negatively correlated with clay content, whereas a slight positive correlation (al-
though not significant at the Ρ > 0.05 level) was observed in aquic grasslands. In udic soils, 
no quantitative variable had any significant effect on sequestered carbon when the soils 
were under crops or forest. However, both clay content and temperature were influential in 
grasslands. In ustic soils, no quantitative variable was significant for cropland, but clay 
content was influential in grasslands, and clay content, temperature and rainfall were all 
significant in forestlands. 

' 1 9 6 



THE OCCURRENCE OF T I L A P I A , O r e o c h r o m i s spp., 
IN THE SURFACE WATERS OF BARBADOS 

Beifield Burgess and Angela Fields 

Department of Biology, The University of the West Indies, 
P.O.Box. 64, Bridgetown, Barbados. 

ABSTRACT 

Fishes of the genus Oreochromis (tilapia), have spread from areas where they occur 
naturally, and have become established in numerous water bodies worldwide. A survey of 
the natural and artificial surface water bodies of Barbados was conducted to determine the 
extent to which they have been colonized by tilapia. A secondary aim of the study was to 
document the history and rationale for the introduction of tilapia into Barbados. It was 
found that, since their introduction into Barbados in the 1950s, Oreochromis spp. have 
become established in several water bodies in Barbados. Reproductive populations may be 
found in brackish-water swamps, in natural and artificial ponds and in tanks. The reasons 
for the introduction of tilapia into Barbados include aquatic weed control, mosquito con-
trol, ornamental purposes, fish farming and research. 

INTRODUCTION 

The surface waters of Barbados contain a few species of freshwater fish, including 
sailfin mollies (Poecilia latipinna), shortfin mollies (Mollienisia sphenops), mullets (Mugil 
curema), common guppies {Leb is tes reticulums) and fancy guppies {Poecilia reticulata). 
Of these species, the last three were recorded from Barbados over 100 years ago (Schomburgk, 
1848). A few species of anadromous fish are also known to inhabit the surface waters of 
Barbados, e.g. tarpon (Megalops at tan ttcus ) and snook (Centropomus undecimalis) (Hughes, 
1750; Schomburgk, 1848; Drewett, 1991). 

Several species of fish have been recently introduced into the surface waters of Barba-
dos. These include Texas cichlids (Cichlosoma cyanoguttatum), Bel izean cichlids 
(Cichlosoma sajica) (B. Miller, pers. comm.), Jack Dempsies (Cichlosoma octofasciatum) 
and black acaras (Cichlosoma bimaculatus)(Caltaneo et al., 1987). Other fish species such 
as the African leaf fish (Afrocentrus schomburgki), and the common caip (Cyprinus carpio), 
may also have been recently introduced (H. Watson, pers. comm.). Among the recently 
introduced species, are tilapiine fish, specifically Oreochromis mossambicus, O. niloticus, 
O. aureus and red hybrid tilapia. 

The primary objective of the study was to undertake a reconnaissance of surface water 
bodies, and to determine whether they contained established (i.e. breeding) populations of 
tilapia. A secondary aim of the study was to document the history and rationale for the 
importations of tilapia into Barbados. 
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MATERIALS AND METHODS 

The surface waters of Barbados are defined as naturally occurring or artificial water 
bodies that contain water year-round at levels sufficient to allow fish populations to remain 
viable. An ordnance survey map of Barbados was used to locate the large water bodies in 
Barbados. In addition, estates in the island were contacted by telephone to obtain informa-
tion on the number of water bodies on their properties. This technique was used because the 
estates comprise the largest percentage of the undeveloped land area in Barbados. H i e larger 
hotels on the island were questioned about the presence of artificial ponds on their property. 

A questionnaire was designed and used to gain information on the physical character-
istics of the individual water masses, including their size. Information on the species of fish 
present in the water at the various sites was obtained by direct questioning of the owners 
and by visual identification of fish in the water, or those captured by nets, line or baited trap. 

RESULTS 

History and rationale for the introductions of Oreochromis spp. 

Tilapia were introduced into Barbados for three main reasons: for the control of aquatic 
pests, such as mosquitoes; for ornamental purposes; for research in fish farming. The first 
recorded entry of tilapia into Barbados occurred in 1953 (B. Millar, pers. comm.). This 
occurred as a result of a fisheries seminar sponsored by the Central Secretariat of the Carib-
bean Commission, which was held at Kent House in Port of Spain, Trinidad in July 1953 
(Wiles, 1954). Shortly after the conference, a number of juvenile tilapia, Tilapia mossambica 
(= Oreochromis mossambicus), were exported from Trinidad to St Lucia. Descendants of 
the St.Lucian tilapia population were then exported to Barbados. Of these first 200 tilapia 
imported, 180 survived to be placed in Graeme Hall Swamp for mosquito control (Wiles, 
1954; D. Wiles, pers. comm.). Subsequent introductions were as follows: 

One hundred O. mossambicus were imported from St Lucia, and placed in a bird shoot-
ing swamp at Union Estate. They were used for mosquito control (D. Wiles, pers. comm.). 

Two varieties of hybrid tilapia (one pink and the other an elongated red hybrid) were 
introduced to Oughterson Plantation from St Croix, in 1977. These introductions were 
for ornamental purposes (B. Millar, pers. comm.). 

Approximately , 000 O. niloticus fingerlings were imported by the University of the 
West Indies, Cave Hill Campus, in conjunction with the Fisheries Department of the 
Ministry of Food and Fisheries. These tilapia were obtained from Jamaica over a pe-
riod spanning late 1984 and early 1985. They were placed at Greenland, St Andrew and 
were used for aquaculture research (Moo-Young, 1985; E. Moore, pers. comm.). Red 
hybrids from Jamaica, were subsequently introduced to the Greenland facility by the 
Fisheries Department in conjunction with the United States Peace Corps. 

Red hybrid tilapia from Jamaica were imported by the University of the West Indies, 
Cave Hill Campus for aquaculture research on four occasions in the late 1980s early 
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1990s. In addition 500 red hybrids were imported from Martinique, in 1992, for re-
search purposes. 

Occurrence of Oreochromis spp. in Barbados 

Eleven natural and 31 artificial water bodies were examined in the study. Breeding 
populations of Oreochromis mossambicus, O. niloticus and red hybrid tilapia were found at 
several sites (Table 1 and Figure 1). N o individuals of 0. aureus were found. Tilapia were 
found in nine of the 11 naturally occurring water bodies investigated, in both fresh and 
brackish water. Brackish water was found at three sites, Green Pond, Long Pond and The 
Hole. Hybrid tilapia were found at three sites, as were O. mossambicus and O. niloticus. At 
only two sites (Tappepond and Three Houses) were more than one species found together. 
The sizes of the natural water bodies in which tilapia were found ranged from 850 to 575,000 
n r . 

Table 1 Sites examined for the presence of tilapia 

Site Species Site Species 

Natural water bodies Natural water bodies 
1. Chancery Lane Swamp M 8. Drax Hall Pond 
2. Grame Hall Swamp M 9. Green Pond +? 
3. Indian Pond H 10. Yaricos Pond none 
4. Long Pond Ν 11. The Hope +? 
5. Tappepond (Claybury Plantation) Ν, Η 
6. The Hole (Holetown) Ν 
7. Three Houses Spring Μ, Η 

Artifical water bodies Artificial water bodies 
A. Andromeda Gardens Μ, Η Q. Oughterson Plantation Η 
B. Asta Hotel Η R. River Swamp M 
C Baptist College Η S. Salters House H 
D. Bawdens Ν T. Sandy Lane Hotel H 
E. Brighton Plantation Η U. Six Roads H 
F. Constant Plantation Η V. Southern Palms Hotel H 
G. Codrington College Ν W. Sturges H 
H. Coles Swamp Μ, Η X. University of the West Indies H 
I. Congo Road Swamp Μ Y. Woodbourne Swamp N 
J. Fairview Plantation Η a. Animal Flower Cave Swamp none 
K. Four Roads Η b. Belair Golf Club +? 
L. Golden Grove Swamp Μ c. Foster Swamp none 
M. Greenland Agricultural η d. Goathouse Bay Swamp none 
N. Hampton Plantation Η e. Hannahs Swamp none 
O. Mangrove Swamp Ν f. St. Elizabeth Village none 
P. Mount Wilton Plantation Η 

Key: Ν = Ο. niloticus·, Μ = Ο. mossambicus: Η = red hybrid tilapia; +? - tilapia reported, 
species identity not confirmed. 
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Key 
A Natural water bodies + tilapia 
£ Natural waler bodies - tilapia 

• Artificial water bodies + tilapia 
• Artificial water bodies - t i lapia 

Figure 1 Sites where tilapia are found 

Of the 31 artificial water bodies investigated, 26 contained tilapia. Sixty-eight per cent 
contained hybrids, 20% contained O. mossambicus and 16% contained O. niloticus. In the 
majority of cases only a single species of tilapia was found per site (Table 1). The sizes of 
the artificial water bodies ranged from 4 to 357,000 m2. The five reasons cited for the intro-
ductions of tilapia into these water bodies were as follows: mosquito control (32); algal 
control (4); culture as food fish (28); research (8); as ornamentals (32). In some cases (4) 
they had been intrduced accidentally 

The results of this study show that tilapia were found in 83% of the aquatic ecosystems 
investigated. Tilapia then, are extensively distributed throughout the surface waters of 
Barbados. 

DISCUSSION 

Since their introduction into Barbados some 40 years ago, tilapia have become estab-
lished in both natural and artificial surface waters on the island. As there is no widespread 
connective surface water system in the island, the spread of tilapia has occurred through 
direct human intervention. The trend is to transfer a few tilapia from an established popula-
tion to a newly created water body where the fish are absent. In many cases the introduction 
of tilapia has been for mosquito control, yet there is no information available to show that 
tilapia are better than 'native' fish at controlling mosquito populations. 

The costs associated with the introduction of tilapia into the surface waters of Barba-
dos are at present unknown. However, anecdotal evidence suggests some negative impact 
on 'native' fish populations. Persons in the aquarium trade have noticed a reduction in the 
quantity of guppies (Poecilia reticulata) in the natural surface waters which contain tilapia. 
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Several species of tilapia have been proven to be pests in Australia, USA and in some 
islands of the South Pacific (Mather and Arthington, 1991; Nelson and Eldredge, 1991). 
Prédation and competition have been documented as adverse effects of introduced tilaçja 
on indigenous organisms (Philippart and Runet, 1982, cited in Nelson and Eldredge, 1991). 
Tilapia can also affect an ecosystem by consumption of aquatic flora (Crutchfield et al., 
1992). Of significance in assessing the impact of tilapia introductions into a country is the 
fact that once established in natural bodies of water these fish are historically almost impos-
sible to eliminate (Mather and Arthington, 1991). 
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MYCORRHIZAE, NEMATODES AND BUNCHY TOP DISEASE 
OF PAPAYA IN BARBADOS 

Louis E. Chinnery and Adrian Waterman 

Department of Biology, The University of the West Indies, 
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Over the last two decades, commercial production of papaya (Carica papaya L.) in 
Barbados has been severely reduced by the presence of bunchy top disease (BTD)1. Since 
there is some evidence implicating nutrient deficiency as a causative agent in this disease 
(S. Skeete, pers. comm.), roots were examined for the presence of vesicular-arbuscular 
(VA) mycorrhizae. The presence of which would be expected to alleviate nutritional prob-
lems (e.g. Harley and Smith, 1983; Nemec, 1987; Persad-Chinnery and Chinnery, 1995). 
Many of the roots sampled from papaya plants showing BTD symptoms have nematode 
galls; this root damage may affect plant nutrition. The presence of VA mycorrhizae has 
been shown to reduce the adversity of nematode infection (Price et al., 1989). Other pos-
sible causes of BTD include pathogens (e.g. Davis et al., 1995) and, in other systems, my-
corrhizae have been shown to confer disease resistance (e.g. Caron, 1989; Feldmann et al„ 
1989). 

Roots were obtained from trees at Claybury, St John and Bawdens, St Andrew in Au-
gust 1994. For each tree sampled, the degree of development of BTD was scored on a five-
point scale (where 0 = no symptoms and 5 = extreme symptoms/dead plant). Roots were 
cleared and stained (Brundrett et al., 1984), mycorrhizal colonization determined (Michelini 
et al., 1993) and the number of nematode galls per 100 cm root counted. 

Levels of root colonzsation by VA mycorrhizal fungi were negatively correlated with 
the magnitude of disease symptoms (Figure 1), suggesting some benefit of VAmycorrhiza 
formation. The number of nematode galls present was positively correlated with the devel-
opment of disease symptoms (Figure 2), suggesting that the presence of nematodes may 
predispose plants to BTD. A negative correlation was found between the levels of VA my-
corrhizal fungi and the number of nematode galls (Figure 3), suggesting a biological con-
trol role for VA mycorrhizal fungi in this system. 
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1 During a discussion of the photographs of diseased papaya trees shown on this poster, 
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and the senior author, it was postulated that there may be more than one disease of papaya 
called BTD. Zimmerman confirmed that the Barbados symptoms were very similar to those 
seen in the US Virgin Islands. Davis, however, did not consider them typical. 
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APPLICATIONS OF MOLECULAR BIOLOGY TECHNIQUES 
IN PLANT BREEDING 

Susan Persad- Chinnery 
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P.O. Box 64, Bridgetown, Barbados. 

INTRODUCTION 

The techniques of molecular biology have become important toots in plant breeding. 
Associated with these new techniques are terms and acronyms that seem to form a separate 
language. This paper introduces some frequently used terminology in molecular biology 
while explaining applications in plant breeding. 

GENE IDENTIFICATION AND ISOLATION 

The first step in engineering a plant with a desirable agronomic trait is to identify and 
isolate the relevant gene for that trait. Examples of desirable agronomic traits include her-
bicide resistance, insect resistance, disease resistance, improved nutrient content, longer 
shelf-life, and unusual compounds like human hormones and biodegradable plastics. Gen-
erally, each trait is encoded by one gene. The isolation of the relevant gene can be difficult 
and time-consuming. All techniques for gene isolation are based on the following charac-
teristics of the gene: 

(i) a gene has specific nucleotide sequences 
(ii) a gene occupies a particular location within the genome 
(iii) a gene encodes RNA with a particular expression pattern 
(iv) most genes have a function. 

Isolating a gene is relatively simple if the corresponding gene from another plant is 
known. The gene can be isolated by heterologous hybridization (i.e. pairing of complemen-
tary DNA from different sources). If a gene exists in yeast or bacteria then the microbial 
gene could be used to probe the plant DNA to isolate the gene. Also, the relevant gene can 
be readily isolated if its function is known. This process involves protein isolation, purifica-
tion, determination of the amino acid sequence followed by determination of the DNA 
sequence and location of this DNA sequence in the plant genome. However, for many 
genes their functions are not known or have not been established. To find out the function of 
a gene, o.ne can create a transgenic plant that expresses antisense mRNA for that gene. This 
is done by cloning cDNA (DNA copied from mRNA) of the gene next to a highly expressed 
promoter in an antisense construct such that the mRNA is transcribed from the antisense 
strand of DNA when put into a plant. mRNA is normally transcribed from the sense strand. 
The antisense RNA lowers the level of sense RNA thereby decreasing the level of gene 
product. This technique has been used to identify two genes (the polygalacturonase gene 
and the ACC synthase gene) involved in fruit ripening in tomato. 
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USE OF MOLECULAR MARKERS 

When nothing, or very little, is known of a plant genome then isolating genes for agro-
nomically desirable traits becomes somewhat difficult. In such situations information about 
genes in the genome can be compiled in the form of a genetic map. A major advancement 
in plant breeding is the use of molecular markers to compile genetic maps (Landry, 1993). 
Molecular markers are also used in fingerprinting varieties, establishing phylogenies, tag-
ging desirable genes and determining similarities in a population. 

Isozymes were the first molecular markers to be used in plant breeding programmes 
but due to the small number of markers that could be generated by isozymes, they have 
been replaced by RFLP (Restriction Fragment Length Polymorphism) and RAPD-PCR 
(Random Amplified Polymorphic DNA using the Polymerase Chain Reaction) markers. 
Plant genetic maps generated by these molecular markers provide insights into genome 
organization, evolution, and function, and facilitate the management of genetic variation in 
natural and domesticated populations. Genetic maps also provide a means to identify the 
loci affecting quantitative traits involving adaptive or economically valuable attributes. 

RFLPs are based on differences in fragment lengths obtained by digesting DNAsamples 
with restriction endonucleases (enzymes that DNA at specific base sequences called re-
striction sites). Polymorphism is due to the presence or absence of restriction sites in the 
genomes being compared. RFLP markers are phenotypically neutral, codominantly inher-
ited, nonspecific to growth stage and practically limitless in number. RFLP generated 
maps enable plant traits to be selected at the molecular level in the laboratory, thereby 
eliminating the need to grow large numbers of plants prior to selection. RFLP markers are 
presently being used to develop genetic maps for several agronomically important crops 
(e.g. Helentjaris, 1987). Also, RFLP markers are now being sequenced to identify suitable 
primers that would allow the amplification of specific polymorphism in DNA segments of 
known sequence. These primers are called STS (Sequence Tagged Sites). 

The advent of PCR has made a new set of markers available for comparing organisms 
at the molecular level. The principle of PCR is outlined in Figure 1. 

RAPD markers are obtained by PCR amplification of random genomic DNA segments 
using arbitrary primers of about 9 - 1 0 bases in length. These primers have a GC content of 
about 50-80% and do not contain palindromic sequences. RAPD primers are usually used 
singly and the number of fragments generated depends on the genomic DNA and the primer. 
The advantages of using RAPD markers are that a universal set of primers can be used for 
all species and that the process of generating a genetic map is much quicker than with RFLP 
markers. 

Each amplification product by RAPD is derived from a region of the genome that 
contains two short DNA segments with some homology to the primer. These segments 
must be present on opposite DNA strands and be sufficiently close to each other to allow 
DNA amplification to occur. Using short primers and low annealing temperatures ensures 
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that several sites, randomly distributed in the genome, produce amplification products. The 
polymorphism between individuals results from sequence differences in one or both of the 
primer binding sites and are visible as the presence or absence of a particular RAPD band 
on an electrophoretic gel. Theoretically, the number of amplified fragments depends on the 
length of the primer, the size of the target genome, and is based on the probability that a 
given DNA sequence (complementary to that of the primer) will occur in the genome, on 
opposite DNA strands in opposite orientation within a distance that is readily amplifiable 
by PCR. 

RAPD markers have some drawbacks. RAPDs are typically inherited as dominant 
traits, making it difficult to distinguish heterozygote and homozygote individuals with the 
dominant marker. As such RAPD markers are less informative and thus less efficient than 
codominant markers. In terms of genetic mapping, RAPDs are more useful for plant spe-
cies that are inbred or backcrossed. However, dominance is a phenomenon associated with 
diploids and higher ploidy not haploids. Therefore, RAPD markers are very suitable for 
analyzing haploid plant genomes. 
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As additional molecular markers are located in the genome then the greater the chances 
are that markers will be found that are linked to the gene of interest. When the gene of 
interest has been chromosomally localized, the next step is to move towards it from a linked 
marker thereby creating a physical map and isolating new markers across the chromosome 
region. Molecular markers may enable the gene to be approached from either direction and 
define the region in which the gene lies. This minimizes the amount of DNA analyzes on 
the plant genomic DNA. 

GENE TRANSFER 

Once the agronomically important gene has been isolated, it is cloned into a transfor-
mation vector. This recombinant DNA vector could then be introduced into a plant by a 
plant transformation technique in an attempt to generate a transgenic plant that expresses 
the cloned gene. There are several transformation methods. A commonly used method is 
Agrobacterium-mediated transformation. The gene is cloned into the disarmed Ti plasmid 
of this bacterium and the plasmid is then used to infect the target plant. However, some 
plants (e.g. cereals) are recalcitrant to this method of transformation and a method based on 
the direct transfer of the gene by microprojectile bombardment of intact plant tissue is 
utilized. Transformation has also been achieved in plant protoplasts through facilitation of 
D N A uptake by ca lc ium phosphate precipi ta t ion, polyethylene glycol t rea tment , 
electroporation and microinjection. 

CONCLUSION 

Presently the limiting factor in developing new plant varieties is the lack of knowledge 
of the genetic basis of most agronomic traits. The techniques of molecular biology, espe-
cially those that allow the detection and exploitation of naturally occurring DNA polymor-
phism, are likely to hasten the isolation of agronomically valuable plant traits. However, 
plant breeders need the expertise of plant physiologists, pathologists and geneticists to analyse 
these agronomic traits adequately. 
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THE SIGNIFICANCE OF NATURAL SYMBIONTS 
IN AGROECOSYSTEMS 
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ABSTRACT 

The rediscovery of sustainable agriculture has resulted in greater consideration to prac-
tices that preserve natural symbionts like vesicular-arbuscular (VA) mycorrhizal fungi and 
nitrogen fixing bacteria in agroecosystems. The significance of these natural symbionts in 
the soil and their beneficial effects on plant growth are described, and the agricultural prac-
tices that negatively and positively affect their potential to enhance plant growth are exam-
ined. 

INTRODUCTION 

Optimization of production in agroecosystems can be brought about in two ways: (i) 
by increasing the amount of external inputs such as fertilizers and pesticides for an immedi-
ate enhancement of plant production but, ultimately causing reduced soil fertility, or (ii) 
reducing the external inputs and optimizing plant productivity by using naturally occurring 
micro-organisms in the soil. The second approach is becoming favoured with the height-
ened awareness of the need for environmental preservation. An understanding of the sig-
nificance of naturally occurring beneficial micro-organisms in the soil, their advantageous 
effects on plant growth and practices that enhance these effects are necessary if their useful-
ness is to be maximized. 

V E S I C U L A R - A R B U S C U L A R (VA) MYCORRHIZAL FUNGI 

There are several types of mycorrhizas (symbioses between beneficial fungi and plant 
roots) but the most important types to agroecosystems are the VA mycorrhizas as they are 
mutualisms formed with a very wide range of plant families. VA mycorrhizal fungi are 
obligate endophytes and generally show no speci liciiy for host plants. In the soil, VA myc-
orrhizal colonization starts when extra-radical hyphae or germtubes come in contact with 
host roots. The fungal hyphae then differentiate and appressoria are produced followed by 
penetration into the epidermal and subepidermal layers of the root. Extensive inter- and 
intracellular hyphal growth follows and eventually arbuscules are formed by invagination 
of root cortical cells. Intraradical vesicles may be produced depending on the genus of VA 
mycorrhizal fungus involved in the symbiosis and extraradical hyphae grow into the soil to 
continue the infection process. The same root can be infected several times by extraradical 
hyphae and by more than one species of fungus. When suitable environmental conditions 
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are available the fungus sporulates. The asexual spores are generally borne on the extraradical 
hyphae. 

VA mycorrhizal fungi exert significant effects on the physiology of plants. Enhance-
ment of nutrient uptake by mycorrhizas, especially of phosphorus, is well documented. VA 
mycorrhizas affect the water relations of plants (Allen et al„ 1981), the carbon economy, 
and may influence plant community structure by regulating nutrients and water among 
plants (Allen and Allen, 1986). VA mycorrhizas also increase plant growth (Gianinazzi-
Pearson et al., 1989), plant disease resistance (Morandi et al., 1984), plant reproduction 
(Koide et al., 1988) and reduce competition between large plants and seedlings (Eissenstat 
and Newman, 1990). VA mycorrhizal fungi enhance plant micronutrient uptake when low 
levels of these micronutrients are present in the soil and provide protection to the plant 
when the micronutrients are phytotoxic (Persad-Chinnery and Chinnery, 1994). Table 1 
presents a list of cropped plants that have increased productivity resulting from VA mycor-
rhizal colonization. 

Table 1 Some tropical crop plants grown in the Caribbean that have been shown to have 
increased productivity as a direct consequence of VA mycorrhizal colonization 

Bean (Phaseolus vulgaris) Cassava (Manihot esculentum) 
Citrus spp. Cocoa (Theobromacacao) 

Coffee ( C o f f e a sp.) Corn (lea mays) 

Cotton (Gossypium hirsutum) Groundnut (Arachis hypogaea) 

Mango (Mangifers indica) Onion (Allium cepa) 

Plantain (Musa paradisica) Potato (Solanum teberosum) 

Rice ( Oryza sativa) Squash (Cucurbita pepo) 

Tomato (Lycopersicon esculentum) 

Source: Müller-Sämann and Kotschi (1994) 

High levels of phosphate and nitrogen fertilizer can reduce or inhibit the formation of 
VA mycorrhizas. Also, excess phosphate can cause phosphate-induced micronutrient defi-
ciency in the host plant. Clearing and burning severely reduce mycorhizas in the soil. Her-
bicides and pesticides, especially fungicides, can reduce or eliminate VA mycorrhizal fun-
gal populations. However, crop rotation and plant diversity in an agroecosystem tend to 
stimulate and maintain large populations of these fungi (Persad-Chinnery et. al., 1992). 

NITROGEN-FIXING BACTERIA 

Some bacteria that occur naturally in soil have Lhe ability to reduce atmospheric nitro-
gen (N ) to ammonium (NH4

+) and can be: (i) symbiotic, for example Rhizobium and Frankia 
that invade the roots of some plants, or (ii) non-symbiotic which include free-living bacte-
ria found in rhizospheres and soil, for example, A zotobacter. 
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Symbiotic nitrogen-fixing bacteria 

Rhizobium is highly specific to its respective plant host. The most significant Rhizo-
bium associations are: (i) cowpea rhizobia formed with Vigna, Cajanus, Arachis·, (ii) Rhizo-
bium japonicum and soybeans; (iii) Rhizobium lupinii and lupins; (iv) Rhizobium meliioti 
and medicagos; (v) Rhizobiumphaseoli and beans; and (vi) Rhizobium trifolii and clovers. 
The Rhizobium bacteria are entrapped in curling root hairs and induce the root cortical cells 
to divide eventually resulting in the formation of root nodules and the creation of an envi-
ronment for the bacteria. The process of nodule formation involves continuous communi-
cations between the host plant and the bacteria (Pawlowski and Bisseling, 1994). 

Another group of plants that host N2-fixing bacteria such as Frankia in their roots are 
the actinorhizal plants, for example, Alnus glutinosa (Table 2). Like Rhizobium, these acti-
nomycetes colonize the plant via root hair deformation and induce cell division in the root 
cortex. The nodules formed by these actinomycetes are similar to lateral roots in organiza-
tion. These filamentous bacteria induce nodules in more than 200 plant species from about 
eight families, hence they are less specific than Rhizobium. 

Table 2 Plants that form symbiotic associations with actinomycetes 

Order Family Genus 

Coriariales Coriariaceae Coriaria 

Rosales Rosalaceae Cercocarpus, Chamaebatia, Cowania, Dry as, 
Purshia, Rubus 

Myricales Myricaceae Comptonia, Myrica 

Fagales Betulaceae Ain us 

Casuarinales Casuarinaceae Cas ua rim 

Cucurbitales Datiscaceae Datisca 

Rhamnales Eleagnaceae 
Rhamnaceae 

Eleagtts 
Hippophae, Shepherdia, Ceanothus, Colletia, 
Dis caria 

Generally, factors that inhibit plant growth will also affect the Rhizobium-pl&nt and 
actinomycetes-plant symbioses. Cropping practices that reduce the efficacy of symbiotic 
N2-fixing bacteria include shallow soils, drought stress, high soil temperature, increased 
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salinity, soil acidity, and lack of light The optimum for each of these factors depends on the 
species and strain of Rhizobium involved in the symbiosis Additionally, the nitrogenase 
enzyme which is responsible for fixing nitrogen in the root nodule can be inhibited by high 
concentrations of ammonium and nitrate in the soil and low oxygen concentration, possibly 
as a result of waterlogging. Agricultural practices can be adapted to maximize the benefit of 
these bacteria. These include intercropping plants with N2-fixing symbioses with plants that 
do not have these associations or crop rotation of these plant types. 

Non-symbiotic ni trogen-fix in g bacteria 

Most free-living N2-fixing bacteria are heterotrophic and either aerobic, facultative 
aerobic or anaerobic. Table 3 lists some of these bacteria. For the aerobic N,-fixers, ad-
equate oxygen concentration and a carbon source are important for optimum activity of the 
nitrogenase enzyme. For the anaerobic type increased oxygen concentration could inhibit 
the activity of the nitrogenase. Although, these N,-fixing bacteria are described as non-
symbiotic, they are generally found in the rhizosphere where they use the root exudates as 
a carbohydrate source. 

Table 3 Non-symbiotic (free-living) nitrogen-fixing and nitrogen binding bacteria 

Order: Eubacteriales 

Family: Genera: 
Azotobacteriaceae: Azotobacter, Beijerinckia, Derxia 
Bacillaceae: Bacillus, Clostridium 
Enterobacteriaceae: Klebsiella 
Micrococcaceae: Micrococcus 
Rhizobiaceae: Chromobacterium 

Order: Hyphomicrobia les 

Family: Genus: 
Hyphomicrobiaceae: Rhodomicrobium 

Order: Psuedomonadales 

Family: Genera: 
Athiorhodaceae: Rhodopseudomonas, Rhodospirillum 
Chlorobacteriaceae: Chlorobium 
Pseudomonadaceae: Azotomonas, Pseudomonas, Xanthomonas 
Spirillaceae: Desulphovibrio, Methanobactertum, Spirillum 
Thiorhodaceae: Chromatium 

Source: Müller-Sämanu,and Kotschi (1994) 
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NITROGEN-FIXING ALGAE 

Blue-green algae (cyanobacteria) are autotrophic organisms that are able to fix nitro-
gen. Examples include Anabaena and Nostoc which are found in stagnant bodies of water. 
Sometimes these algae can be found associated with trees in moist tropical forests. When 
these algae decompose, their nitrogen is used by plants. They are significant in rice fields 
and can supply 20-50 kg N/ha. This emphasizes their role, and potential, as biotic fertilizers 
in some agroecosystems. To maximize the nitrogen-fixing ability of these algae it is impor-
tant to supply the organism with a carbohydrate source and an adequate oxygen supply. In 
some instances these algae could be cultured, harvested and applied as a nitrogen fertilizer 
to fields where they would not naturally occur. 

BACILLUS THURINGIENSIS 

There are naturally occurring soil bacteria that have a biocontrol potential, for example 
Bacillus thuringiensis {Bt). Formulations of Bi have been developed as biological insecti-
cides to control agricultural pests. One such formulation is Dipel (Abbot Laboratories). 
Strains of the bacterium Bt arc unique in that they produce insecticidal compounds during 
sporulation that arc specific and toxic to different insects. For example, the compound from 
subsp. kurstaki is only toxic to lepidoptera while that from subsp. tenebrionis is toxic to 
coleoptera. The compound when ingested and dissolved in the midguts of insect larvae, 
breaks down to produce endotoxins which alter the osmotic status of the gut epithelium 
cells causing them to burst (Hofte, 1989) When this happens, the larvae stop feeding and 
eventually die. Bt insecticides are important as they arc highly active and are harmless to 
the environment as they tend not to persist in the field. Ii is possible that there are other soil 
organisms whose potential to contribute to a more sustainable type of agriculture has not 
yet been realized. 

CONCLUSION 

The symbiotic relationships of many plants have not been studied and the molecular 
and biochemical nature of the known symbioses arc not fully understood. However, it has 
been established that these microbial organisms arc bénéficiai to plant growth and can be 
utilized in agroecosystems in an attempt to rcduce the costs of inputs into the system. It is 
important that all agriculturists become familiar with these organisms and learn how they 
can be utilized. 
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THE EFFECTS OF RUM DISTILLERY EFFLUENT ON SEED 
GERMINATION 

Gobind Rameshwar1 and Louis E. Chinnery 

' Marine Résonnes and Environmental Management Programme 
2 Department of Biology, The University of the West Indies, 

P.O. Box 64, Bridgetown, Barbados. 

Increased concerns about environmental pollution from poorly disposed industrial waste 
products and the increased need for sanitary landfills have led to the development of the 
concept that waste from one industry may be considered a resource for another. Since dis-
tillery effluent is a rich source of nutrients, its potential use in agriculture would seem 
obvious. 

Pandey and Soni (1994) found that when distillery effluent was diluted to 10% with 
tap-water, germination of three multi-use tree species was promoted over a tap-water con-
trol. Germination of the specics. Acacia catechu (L.f.) Willd., Dalbergia sissoo Roxb. ex 
DC and Morus alba L., was increasingly inhibited in greater effluent concentrations and no 
germination was observed in 100% effluent. These experiments, like ours, were conducted 
by placing seeds on moistened filter paper in sterile petri dishes. However, we used dis-
tilled, rather than tap-water as the diiuent and control. 

Effluent was obtained f rom the Mount Gay rum distillery, St Lucy, Barbados. Con-
trolled environment (30 "C) germination tests were conducted using serial dilutions, with 
distilled water. Seeds of carrot (Dattcus carota L. cv. Karoda and cv. Chantenay), onion 
(Allium cepa L. cv. Arad), beet (Beta vulgaris L. cv. Detroit dark red), parsley (Petroselinum 
crispum (Mill.) Nym. cv. Moss curled), melon (Cucumis meto L. cv. Honeydew green flesh), 
cabbage (Brassica oleracea L. var. capitata L. cv. Golden Acre) and leucaena (Leucaena 
leucocephela (Lam.) De Wit) were used in a series of experiments. In each experiment, 25 
seeds of the test cultivar were placed in each of five replicate dishes. 

In all experiments, the effluent suppressed (Figures 1 a and 1 b) or delayed germination 
(Figure 2) with increasing effluent concentrations having greater effects. In the early ex-
periments, the lowest effluent dilution was 6,25%. Although this was more dilute than the 
successful dilution of Pandey and Soni (1994), later experiments were run with greater 
dilutions. However, we were still unable to detect any stimulation of germination (e.g. 
Figure 3). 

' 2 1 5 



Nu
m

be
r 

G
er

m
in

at
ed

 
20

15

10

5

o
o 3 6

Time (days)

9 12

Figure 1a Germination of onion CY. Arad in different dilutions of effluent
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Figure Ib Germination of cabbage CY. Golden Acre in different dilutions of effluent
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Figure 2 Germination curves for two carrot culiivars in different effluent dilutions (A=0, 
Β =6.25, C=12.5, D=25, E=50 and F=100%) (Circles ='Karoda' triangles = 
'Chantenay') 
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Figure 3 The germination of seeds of different species in diluted effluent (A=0, B=l .25, 
C=25, D=5, E=10 and F=20%) 

REFERENCE 

Pandey, D.K. and Soni, P. 1994. Distillery effluent - a potential resource for irrigating 
forest seed beds. Ambio 23:267-268. 

'218 

Nu
m

be
r 

G
er

m
in

at
ed

 



COMMUNITY GARDENING IN THE US VIRGIN ISLANDS 

Charles S. Smith and Clinton George 

University of the Virgin islands, Cooperative Extension Service RR2, Box 10,000, 
Kingshitl, St Croix, United States Virgin Islands (V! 00850) 

ABSTRACT 

Historically, agriculture played a major role in the development of the Virgin Islands' 
economy. As the islands emerged as a major tourist destination in the Caribbean, urbaniza-
tion encroached on agricultural land. As a result, food prices increased significantly. In an 
effort to assist families in supplementing the high cost of imported food, the UVI Extension 
Service's Agriculture and Natural Resources (ANR) Programme introduced a gardening 
programme to these changing rural communities. The gardening programme is geared to 
assist residents of low-income communities, elderly residents, youth groups, and residents 
with limited financial resources and land. With this new approach to agriculture, people 
also learn unity and community pride and discover that they can make a difference in their 
surrounding environment. 

INTRODUCTION 

According to the latest Agriculture Census, more than 90% of the food consumed in the 
Virgin Islands is imported from the mainland and neighbouring Caribbean countries. As a 
result, food prices have increased steadily over the years. 

Due to the continual rising cost of imported food and the desire for fresh, quality pro-
duce, residents have expressed interest in growing their own vegetables and herbs. In an 
effort to successfully produce vegetables and herbs using conventional methods, many are 
handicapped-by insufficient knowledge and skills, limited land space, poor soils (high pH), 
inadequate water and numerous pest problems. Most of the difficulties can be reduced or 
alleviated by introducing the box garden concept along with incorporating sustainable agri-
culture practices. The benefits of the box garden concept are: the ability to compose a 'cus-
tom made soil ' thereby providing an ' ideal ' soil environment; ability to produce crops in 
unmanageable areas, such as those with high pH soils and steep slopes; greater water use 
efficiency; and ease of managing weeds, pests and harvesting. 

JUSTIFICATION 

A 1991 UVI Caribbean Research Institute study showed that overall prices of food in 
the USVI were 17 to 29% higher than in Puerto Rico or the USA. There are approximately 
21,675 school-aged children attending public schools in the territory. However, agriculture 
was taught in only three of these schools. Only five of the territory's public schools have a 
gardening project as an extra-curricular activity. None of the six homes for the aged and 31 
low-income housing communities presently have a gardening project. 
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OBJECTIVES 

To increase the knowledge of 5,000 residents in vegetable and herb production using 
sustainable agricultural practices. 

To assist Virgin Islands residents to reduce expenditures on imported food by increas-
ing low-income adult, elderly and youth groups participation in the extension service's Box 
Gardening Project. 

To promote unity and a sense of pride and self-accomplishment among the targeted 
groups through growing and harvesting their own home-grown vegetables and herbs. 

IMPLEMENTATION PLAN 

Conduct pre- and post-project implementation meetings of the targeted groups. 

Develop and publish vegetable box gardening information and a video for groups par-
ticipating in the project and other residents interested in vegetable gardening. 

Develop and display an exhibition on the box gardening project during the annual 
Agriculture and Food Fair. 

Establish and maintain three demonstration box garden units used as a teaching tool in 
low-income housing developments strategically located in three sections (west, central and 
east) of our community. 

Provide instruction in box gardening Lhrough hands-on demonstration workshops and 
field trips. 

Provide technical assistance to participating groups utilizing available resources and 
sustainable agriculture methods. 

RESULTS 

Over the past year, more than 5,000 residents were made aware of our vegetable and 
herb box gardening project. This was accomplished by an exhibit during the annual 
Agriculture and Food Fair. As a result of a series of workshops and hands-on demonstra-
tions on box gardening, approximately 1,250 participants increased their knowledge and 
skills in producing vegetables and herbs in a box garden, designing and maintenance of a 
drip irrigation system and other sustainable agricultural practices. Also, a video of one of 
the Box Gardening Workshops was shown on a local television station for over a month. 
This increased local residents awareness of vegetable and herb production and the institution's 
Box Gardening Project. 

More than 65 participants from elderly homes have adopted box gardening techniques 
demonstrated by extension service personnel. Approximately 300 school-aged children, 
representing eight schools participated in the development of a vegetable box garden project. 
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An additional 300 youth from ihe annual 4-H Summer Camp Program participated in a box 
gardening project. 

Over 48 low-income residents have established box gardens as a result of our demon-
stration boxes and workshops in various housing developments. 

CONCLUSION 

Over the past year, the Agriculture and Natural Resources Programme has been imple-
menting a box garden project in an effort to assist Virgin Islands residents in supplementing 
the high cost of food in the territory. The project is geared toward low-income adults, eld-
erly and youth groups from all sectors of our community. The concept of box gardening 
along with sustainable agricultural practices was successfully implemented for the above 
targeted groups as they were able to grow vegetables and herbs to supplement the high cost 
of purchasing these items from the local supermarket chains. Also, the higher success rate 
in producing vegetables and herbs in a small contained area was very important in building 
self-confidence for many of the first-time gardeners. 

Other benefits realized from the project included an increased sense of self-worth and 
interaction among the various groups. It is commonplace to see the more experienced resi-
dents helping the less experienced in their gardening efforts. These observations and out-
comes continue to encourage us to share our knowledge with more residents throughout our 
community. 
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EVALUATION OF BEAN GERMPLASM FOR YIELD 
CHARACTERISTICS IN THE US VIRGIN ISLANDS 

J. A. Kowalski. S.M.A Cross/ruin and M.C. Palada 

Agricultural Experiment Station. University of the Virgin Islands, RR02, 
Box 10,000, Kings hill, St Croix, US Virgin Islands. 00850. 

A B S T R A C T 

Two green bean (Phaseolus vulgaris L.) germplasm evaluation trials were conducted 
during the spring of 1994. Cultivars evaluated in the first trial were 'Blue Lake 274 ' , 
'Contender ' , 'Green Crop ' , 'Top Crop ' and 'Tenderpod' . Stem diameter of plants did not 
differ significantly among cultivars. 'Tenderpod' plants had a mean height of 33.7 cm and 
were significantly taller than 'Contender ' plants (25.5 cm). The widest pods were produced 
by 'Top Crop ' (0.83 cm), significantly wider than pods f rom the other cultivars. The long-
est pods were produced by 'Green Crop' (14.4 cm), and the mean pod weight was signifi-
cantly superior to 'Tenderpod' . 'Green Crop' was also significantly superior in total yield 
(7.37 t/ha) to 'Top Crop' and 'Green Pod ' with yields of 4.46 and 4.27 t/ha, respectively. 
Cultivars evaluated in the second trial were 'Contender ' , 'Derby ' , 'Dandy ' , 'Honey Gold ' , 
'Kentucky Wonder ' and 'McHarvest ' . Plant height and stem diameter were similar for all 
cultivars. 'Contender ' produced pods that were significantly longer (10.9 cm) than those 
obtained from all other cultivars. Pods from 'Contender ' and 'McHarvest ' had the highest 
mean weight (2.7 g), significantly heavier than 'Honey Gotd ' (2.0 g) and 'Derby ' (1.7 g). 
'Dandy ' , 'McHarvest ' and 'Contender ' produced the largest quantity of pods. The highest 
yields were produced by 'Contender ' , McHarvest ' , and 'Dandy ' with 2 .3 ,2 ,3 and 2.0 t/ha, 
respectively. 

INTRODUCTION 

Green beans are important vegetables in the US Virgin Islands. However, there is very 
little local production. It is one of the top imported vegetable crops in the Virgin Islands. In 
1987, it ranked eighth in importance with over 70,000 kg being imported (Bureau of Eco-
nomic Research, 1987). 

Although green beans are capable of excellent response under wide soil conditions, 
one of the biggest constraints is identifying cultivars that do well in tropical areas (Nonnecke, 
1989). Studies have shown that green beans are sensitive to high temperatures which results 
in poor plant growth and low pod set (Navarro, 1982). Soil types may range f rom light 
sands to clay loams provided irrigation is available as required and drainage is good 
{Nonnecke, 1989). Poor drainage increases the potential for root rots. Beans are day neutral 
plants - both flowering and pod set are unaffected by daylength (Nonnecke, 1989). 
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There have been two green bean germplasm evaluation trials at the UVI Agricultural 
Experiment Station. The first bean germplasm trial was performed in 1978/79. Two green 
bean cultivars, 'Commodore Improved' and 'Fordhook Bush' were evaluated for yield and 
pest and disease problems. Both cultivars produced low yields and were susceptible to leaf 
miners (Ramcharan, 1980). 

In the second germplasm trial (1980/81), nine cultivars were evaluated for yield, days 
to flowering, days to harvest and time of planting. It was found that plants produce the 
highest yields during the cooler time of the year. The cultivars that did the best in those 
trials were 'Asgrow 4117', 'Contender' and 'Asgrow 4091G' (Narravo, 1982). 

To serve the needs of local farmers new cultivars need to be evaluated and recom-
mended (Crossman and George, 1993; Palada et al., 1993). Over the past 15 years many 
new cultivars have been introduced and most of these are adapted to temperate and sub-
tropical areas (Narravo, 1982). This study was conducted to evaluate the performance of 11 
cultivars of green beans for yield and quality. Disease and pest resistance was also consid-
ered in selecting appropriate cultivars. 

MATERIALS AND METHODS 

The experiments were conducted at the Agricultural Experiment Station, University of 
the Virgin Islands on St.Croix (Lat. 17 42 'N and Long. 64 48'W). The soil is Fredensborg 
loamy, finecarbonatic, isohyperthermic, shallow, typic calciustolis (Lugo-Lopez and Rivera, 
1980). The initial soil analysis showed a soil pH of 7.98, organic matter content of 4.15%, 
19 ppm P, 345 ppm K, and a CEC of 25 meq/100g. The average annual rainfall is 1,016 mm. 

The experiments were established using a randomized complete block design with four 
replications. The cultivars evaluated in the first trial were 'Blue Lake 274' , 'Contender' , 
'Green Crop' , 'Green Pod', 'Top Crop' and 'Tenderpod'. The cultivars evaluated in the 
second trial were 'Contender' , 'Dandy', 'Derby' , 'Honey Gold', 'Kentucky Wonder' and 
'McHarvest ' . The experiments were direct seeded. The planting dates were 2 February 
1994 for the first and 28 March 1994 for the second trial. Beans were planted in plots 3.65 
m long and 60 cm wide with 60 cm between plants and 60 cm between rows. Superphospate 
at 100 kg/ha and sulphate of potash at 300 kg/ha were applied approximately 2 wk after 
planting. All plots were drip-irrigated as needed. 

Each trial was harvested four times. Total yield samples were taken from the middle 
rows. Five pods were measured for length, width and individual weight. Plant height and 
diameter was measured once, using the middle 10 plants. All data were statistically ana-
lyzed using the Statical Analysis System (SAS) GLM procedure. Significant differences 
among cultivars were determined using Duncan's Multiple Range Test. 
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RESULTS 

Trial 1 

Stem diameter did not differ significantly between cultivars (Table 1). 'Tenderpod' 
plant height at 33.7 cm was significantly greater than 'Contender' which had a mean height 
of 25.5 cm( Table 1). 'Greencrop' produced the longest pods (14.4 cm) and had the highest 
mean pod weight (6.0 g) (Table I ). The cultivar with widest pods was 'Top Crop' (Table 1 ). 
'Green Crop' (7.37 t/ha) was significantly superior in total yield to 'Top Crop' and 'Green 
Pod' with yields of 4.46 and 4.27 t/ha, respectively (Table 2). 

Trial 2 

Stem diameter and plant height were similar for all cultivars (Table 3). The data in 
Table 3 show that 'Contender' produced pods which were significantly longer (10.9 cm) 
than those obtained from all other cultivars except 'Kentucky Wonder' (10.3 cm). Pods 
from 'Honey Gold' and Contender' (7.9 cm) were significantly wider that all other culti-
vars. Pods from 'Contender' and 'McHarvest ' had the highest mean weight (2.7 g), signifi-
cantly heavier than 'Honey Gold' (2.0 g) and 'Derby' (1.7 g). The highest yields were 
produced by 'Contender' (2.3 t/ha), 'McHarvest' (2.3 t/ha), and 'Dandy (2.0 t/ha) (Table 4). 

Table 1 Trial 1 - Plant height, stem diameter, pod length, pod width and fruit size of green 
bean varieties 

Plant Stem Pad Pod Fruit 
Cultivar height diameter length width weight 

(cm) (cm) (cm) (cm) (8) 

Blue Lake 274 30.7 ab 0.71 11.6 b 0.80 ab 4.9 ab 

Contender 25.5 b 0.63 11.6b 0.74 b 4.8 ab 

Green Crop 29.1 ab 0.70 14.4 a 0.60 c 6.0 a 

Green Pod 29.9 ab 0.58 9.0 d 0.78 ab 5.2 ab 

Top Crop 30.5 ab 0.74 10.8 be 0.83 a 5.1 ab 

Tender Pod 33.7 a 0.65 9.8 cd 0.79 ab 4.2 b 

In each column, means with common letters are not significantly different, P=0.Q5 

' 2 2 4 



Table 2 Trial 1 - Total yield of green bean varieties 

Cultivar Total yield (t/ha) 

Blue Lake 274 5.9 ab 

Contender 6.1 ab 

Green Crop 7.3 a 

Green Pod 4.3 b 

Top Crop 4.5 b 

Tender Pod 6.9 ab 

Means with common letters are not significantly different, P=0.05 

Table 3 Trial 2 - Plant height, stem diameter, pod length, pod width and pod weight of 
green bean varieties 

Plant Stem Pad Pod Fruit 
Cultivar height diameter length width weight 

(cm) (cm) (cm) (cm) (g) 

Contender 31.6 0.58 10.9 a 0.79 a 2.7 a 

Derby 31.2 0.63 10.0 b 0.67 c 1.7 c 

Dandy 32.1 0.64 9.6 be 0.69 be 2.1 abc 
Honey Gold 30.2 0.63 9.1 c 0.79 a 2.0 be 

Kentucky Wonder 33.6 0.62 10.3 ab 0.66 c 2.6 ab 

McHarvest 31.7 0.59 9.7 be 0.73 b 2.7 a 

In each column, means with common letters are not significantly different, P=0.05 

Tabic 4 Trial 2 - Total yield of green bean varieties 

Cultivar Total yield (t/ha) 

Contender 2.3 a 

Derby 0.5 b 

Dandy 2.0 a 

Honey Gold 1.4 ab 

Kentucky Wonder 0.4 b 

McHarvest 2.3 a 

Means with common letters are not significantly different, P=0.05 
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DISCUSSION 

The superior cultivar in the first trial was 'Greencrop*. It produced the heaviest pods 
and the highest total yield. 'Contender' was the key cultivar in Trial 2. It produced the 
largest and heaviest pods. Very low yields and small pods were experienced in tTial 2. A 
severe mite infestation plus higher day and night temperatures affected plant growth and 
fruit set. Beyond the mite infestation, no other disease or pest problem was evident. 
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PIGEON PEA (Cajanus cajan L.): A POTENTIAL SUSTAINABLE 
CROP FOR FLORIDA 

C.S. Gardner1 and GM. Prine2 

' Division of Agricultural Sciences, Florida A&M University, 
202 Perry-Paige Bldg. South, Tallahassee, Florida 32307, USA 

2 Department of Agronomy, University of Florida, Institute of Food and Agricultural Sciences, 304 
Newell Hall, Gainesville, Florida. USA. 

The pigeon pea is an important grain legume crop in many parts of the world including 
India, Asia, Africa and the Caribbean including Latin America. In these areas, the grain is 
used as a food component at the mature green and dried stages. Migrants from these re-
gions who reside in the United States, still favour this pulse in their diet. Except for Hawaii 
and Puerto Rico, the pigeon pea is not commercially grown in the USA, Although a tropical 
crop, growth of adapted pigeon pea is possible in the lower regions of the USA and more 
specifically in Florida, where the climate is subtropical. The pigeon pea is cold susceptible 
and will be killed by the onset of freezing temperatures in the fall each year. Therefore, 
grain production has to occur between early spring to early fall. To develop a cultivar 
adapted to Florida's environment, a breeding programme was established al the University 
of Florida, Gainesville, in 1976/77 using seed material obtained from ICRISAT, India, and 
the University of the West Indies, Trinidad. Ninety-six iines (accessions) selected from 
these seed became the basis of the breeding programme. Three of the more promising 
among these lines (76W, 99W and DO) were selected for regional (within Florida) evalua-
tion and possibly seed development and release. Grain production of the pigeon pea in 
Florida varies with year, planting date, location and soil condition. At the University of 
Florida, dried grain yields of the lines ranged from 336 to 3,360 kg/ha. These accessions 
were evaluated at Florida A&M University. Tallahassee in north Florida over the growing 
seasons of 1993 and 1994, In November 1993, the grains produced by ail three accessions 
were damaged by an earlier than normal killing frost, just before making mature green 
stage. Consequently, yield data were not obtained. In 1994 grain yields of the accessions, 
when harvested at the mature green and dried stages, were:76W, 3.219 and 1,180 kg/ha, 
99W, 2,643 and 1,471 kg/ha, and DO, 2,270 and 1,039 kg/ha, respectively. Further studies 
are being continued in order to select additional pigeon pea lines as well as determine man-
agement practices for specific locations. 

'227 



EFFECTS OF FIELD PLOT INCUBATION TIME ON 
THE POPULATION OF INTRODUCED RHIZOBIUM STRAINS 

IN ANTIGUAN SOILS 

Dyremple B. Marsh', Lurline E. Marsh' and Brian Cooper2 

'Department of Agriculture. Lincoln University, Jefferson City, MO 65102, USA. 
2Caribbean Agricultural Research and Development Institute, St John's, Antigua 

A series of most-probable-number experiments was conducted using inoculant pre-
pared by serial dilution of a phosphate buffer soil mixture. The soils were obtained from 
crop rows at various times throughout the 2-year field trials. The prepared inoculant was 
used to treat surface sterilized pigeon pea seeds which were then placed in growth pouches. 
These were maintained at 20/15 "C, day/nighl at a 16-h photoperiod. The three introduced 
Rhizobium strains (USDA 3384, 3473 and 3474) varied in their ability to survive in Antiguan 
soils over time. Nodule development on the pigeonpea root system was more prevalent 
with strain 3473. Rhizobium population decreased from a high of 2.6 χ IO4 bacteria/g, 2 
months after study initiation to less than 4 χ 10* bacteria/g of soil at the termination of the 
study. ELISA studies showed that nodule occupancy was sometimes a result of indigenous 
Rhizobium and that significant competition for nodule sites took place. 

' 2 2 8 



GENETIC STIMULATION OF PURINE AND UREIDE 
BIOSYNTHESIS IN NODULES OF TRANSGENIC 

TROPICAL LEGUMES 

M.C. Bachew, A.T. Alleyne and A.J. Delauney 

Department of Biology, The University of the West Indies, 
P.O. Box 64, Bridgetown, Barbados 

ABSTRACT 

This project aims to test the hypothesis that an increase in purine biosynthesis and 
hence ureide biosynthesis in the nodules of transgenic winged bean (Psophocarpus 
tetragonolobus ), a tropical legume, will result in improved assimilation of fixed nitrogen, 
and hence increased overall plant productivity under symbiotic conditions. It necessitates: 
(i) the development of an efficient Agrobaclerium-mcdiaied transformation and regenera-
tion protocol for a tropical legume; (ii) the isolation of purine biosynthetic cDNA clones 
from a mothbean (Vigna aconitifolia) nodule library by functional complementation of 
Escherichia coli auxotrophic mutants, and characterization of these clones; and (iii) the 
product ion of nodula ted t ransgenic tropical legumes over -express ing g lu tamine 
phosphoribosyl amidotransferase (PRAT), the main regulatory enzyme in purine biosyn-
thesis, in the nodules. If the proposed mode! is successful, this strategy can then be applied 
to improving the yields of regionally important legumes such as kidney bean (Phaseolus 
vulgaris) and pigeon pea (Cajanas cajart). 

INTRODUCTION 

Rhizobium bacteria form a symbiotic association with leguminous plants whereby the 
bacteria are accommodated in swellings called nodules on legume roots. The bacteria pro-
vide fixed nitrogen to the plant in return for respiratory carbon substrates. As a result of this 
symbiotic association, leguminous plants are able to thrive in nitrogen-deficient soils. 

Symbiotic Rhizobia make the single greatest contribution of fixed nitrogen in the nitro-
gen cycle (Postgate, 1978). This process is particularly important in view of the high energy 
cost of producing artificial nitrogen fertilizer and the potential environmental problems 
associated with the widespread use of these fertilizers. The possibility of transferring the 
capacity for either nitrogen fixation or for forming nitrogen-fixing symbioses to major non-
leguminous crops are exciting prospects, and if achieved would undoubtedly rank as a land-
mark achievement for plant biotechnology. It is not surprising then that this area of plant 
microbe interaction has been the subject of intense research. Moreover, it offers an opportu-
nity lo study the interaction of two genomes, plant (eukaryotic) and bacterial (prokaryotic), 
in the development of a dynamic organ, the root nodule. Although much progress has been 
made in characterizing many of the bacterial genes involved, many of the host plant genes 
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are yet to be characterized, and much work still remains to be done before the possibility of 
transferring nitrogen fixing capability to non-legumes becomes a reality. However, our present 
knowledge may permit the improvement of existing symbioses between legume plants and 
Rhizobium. It has been shown that fixed nitrogen is exported from the nodules of tropical 
legumes as ureides, and from temperate legumes as amides (Schubert, 1986). In tropical 
legumes, ammonia produced by the Rhizobia is first assimilated into glutamine. This is then 
used to synthesize purines which are subsequently oxidized to ureides (Schubert, 1986; 
Atkins, 1982), 

One of the characteristics of this project is the isolation and characterization of cDNAs 
encoding enzymes in the purine biosynthetic pathway. In addition to the elucidation of an 
important metabolic pathway in plants, this information will further illuminate the role of 
this pathway in the assimilation of fixed nitrogen in nodules. The project also aims to 
genetically stimulate metabolic flux through the purine and ureide biosynthetic pathways in 
nodules of a transgenic tropical legume. It is expected that this will enhance the assimila-
tion of fixed nitrogen which may be manifested in increased plant productivity under sym-
biotic conditions. 

Increased purine biosynthesis will be achieved by over-expressing the gene coding for 
phosphoribosylpyrophosphate amidotransferase (PRAT), the key rate-limiting enzyme in 
purine biosynthesis (Messenger and Zalkin, 1979; Holmes et al.. 1973; Reynolds et al., 
1984), in nodules of a transgenic legume. A prerequisite to this experiment is the develop-
ment of a transformation and regeneration protocol for a tropical legume. 

ISOLATION AND CHARACTERIZATION OF cDNA CLONES CODING FOR EN-
ZYMES OF THE PURINE BIOSYNTHETIC PATHWAY 

Purine biosynthesis has been best characterized in bacteria and animals, and some studies 
have also been done in plants. Although the pathway appears to be similar in all organisms 
studied thus far, there are major differences in the structural organization and regulation of 
the enzymes (Henikoff, 1987; Chen el al., 1990; Szankasi et al., 1988). 

Using functional complementation in Escherichia coli, cDNA clones encoding the purine 
biosynthetic enzymes, PRAT (Delauney et al., 1993; Kim et al„ 1995), 5-aminoimidazole 
ribonucleotide (AIR) carboxylase and 5-aminoimidazole-4-N-succinocarboxamide ribo-
nucleotide (SAICAR) synthetase (Chapman et a!., 1994) were previously isolated from 
mothbean and soybean cDNA libraries. Plant AIR carboxylase and SAICAR synthetase 
occur in separate polypeptides, while in animals these two enzymes exist as a single Afunc-
tional polypeptide (Chen et al., 1990; Minet and Lacroute, 1990). Differences also occur 
between plant AIR carboxylase and avian and mammalian AIR carboxylase. There exists 
some homology between plant AIR carboxylase and the Schizosaccharvmyces pombe AIR 
carboxylase in that both possess a similarpurfc-encoded subunit (Szankasi et al,, 1988). It is 
expected that as further plant genes encoding enzymes in this pathway are characterized 
more differences between plant, animal and bacterial enzymes will be found. 
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Functional complementation in E.coti (Delauney and Verma, 1990) is the major tech-
nique which has been used to isolate genes coding for purine biosynthetic enzymes in plants. 
It involves using particular E. coli mutants which are deficient in particular enzymes of the 
purine biosynthetic pathway by electroporation with a pooled cDNA nodule expression 
library. An E.coli mutant, transformed with the gene encoding the deficient enzyme, will be 
functionally complemented, i.e. it will now be able to grow on media lacking a source of 
purines, thereby permitting the isolation of the cDNA clones of interest. 

We have recently used this method of functional complementation to isolate four addi-
tional purine synthesis cDNAs encoding the enzymes adenylosuccinate lyase, glycinamide 
ribonucleotide synthase, aminoimidazole ribonucleotide synthetase, and glycinamide ribo-
nucleotide transformylase-N in the purine biosynthetic pathway (unpublished data). These 
clones will be fully characterized by restriction mapping, DNA sequencing and functional 
assays where appropriate. This brings the total number of clones encoding for purine bio-
synthetic enzymes that we have isolated to seven, out of the 10 enzymes in the pathway 
(see Figure 1). Recently, two other research groups have reported the isolation of Arabidopsis 
tkaliana purine synthesis cDNA clones using functional complementation in E. colt (Senecoff 
and Meagher, 1993; Schnorr et al., 1994). 

succinyl-

AMP A M P _ ^ IMP XMP ^ G M P 

pvrS wnA i ouB ouaA 

pimL 

FA1CAR 

^ purH 

AICAR 

P R P P 

pviF 

PRA 

ρυτΰ 

GAR » . FGAR 

ΡΏ7Ϊ1 wnL purü 

Figure 1 Schematic representation of purine biosynthesis 
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The individual reactions of the pathway are identified by their gene symbols (E. coli 
nomenclature). PRPP, phosphoribosylpyrophosphate; PRA, phosphoribosylamine; 
GAR, glycinamide ribonucleotide; FGAR, formy lglycinamide ribonucleotide; FGAM, 
formylglycinamidine ribonucleotide; AIR, aminoimadizole ribonucleotide; CAIR, 
c a r b o x y a m i n o i m i d a z o l e r i b o n u c l e o t i d e ; S A I C A R , a m i n o i m i d a z o l -
esuccinocarboxamide ribonucleotide; AICAR, aminoimidazolecarboxamide ribo-
nucleotide; FAICAR, formamidoimidazolecarboxamide ribonucleotide; PurF, PRPP 
amidotransferase; purD, GAR synthetase; purN, GAR transformylase N; purL, FGAR 
amidotransferase; purM, AIR synthetase; purE, AIR carboxylase; purC, SAIR syn-
thetase; purB, adenylosuccinate lyase; purH, AICAR formy 1 transferase; purA, 
adenylosuccinate synthetase; guaB, IMP dehydrogenase; and guaA, GMP synthetase. 
The seven enzymes complemented by Vigna cDNAs (purB, purC, purD, purE, purF, 
purM and purN) are shown. 

DEVELOPMENT OF A TRANSFORMATION ANDREGENERATION PROTOCOL FOR 
A TROPICAL LEGUME 

In order to produce a transgenic tropical legume over-expressing the PRAT gene, it 
will be necessary to develop a transformation and regeneration protocol for a tropical le-
gume. This will also facilitate studies on genes which are expressed in nodules of tropical 
legumes only, such as those involved in ureide biosynthesis. We are currently working with 
two tropical legumes, mothbean (Vigna aconitifolia) and winged bean (Psophocarpous 
tetragonolobus) to develop such a protocol. These legumes were chosen because of pub-
lished reports indicating that they were amenable to efficient in vitro regeneration (Eapen et 
al., 1986; Gregory et al., 1990). 

We have begun experiments on Agrobacterium -mediated transformation of mothbean 
and winged bean. Leaf expiants are infected with a disarmed hypervimlent strain of A. 
tumafaciens containing a binary Ti plasmid (pAD582), which confers resistance to the an-
tibiotics kanamycin and hygromycin in plants, and also contains a chloramphenicol acetylase 
(CAT) reporter gene. After 2 days of co-culture, the expiants are placed on selective media 
containing hygromycin (20 μg/ml) to screen for transformed plant cells, and cefotaxime 
(500 μg/ml) to kill the Agrobacterium. Earlier work (Alleyne and Delauney, 1993) showed 
that mothbean and winged bean expiants were resistant to high levels of kanamycin but 
were sensitive to hygromycin. 

Using Agrobacterium strains AGLO and EHAI05, we have been able to obtain puta-
tively transgenic winged bean callus growing on selective media. Further analysis using 
Southern blotting and CAT assays are necessary to confirm that the callus is genuinely 
transgenic. 

Regeneration of whole plants from untransformed mothbean and winged bean from 
leaf expiants is presently being routinely obtained, with hardened regenerated plants being 
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transferred to soil (unpublished data). It is therefore expected that the regeneration of trans-
formed plants will soon be achieved. 

GENETIC MODIFICATION OF THE PURINE BIOSYNTHETIC PATHWAY 

In addition to its central functions in the production of nucleic acids, vitamins, ATP and 
other co-enzymes, the purine biosynthetic pathway takes on an increased importance in the 
nodules of tropical legumes since purines are precursors of ureides (Schubert 1986; Atkins, 
1991). Thus, there is a marked increase in purine synthesis in nodules of tropical legumes 
with the onset of nitrogen fixation (Atkins, 1991). Also, the inhibition of ureide production 
results in the accumulation of purines (Atkins, 1991 ; Lee et al., 1993). 

Evidence from studies in bacteria and animals suggest that PRAT, the first enzyme in 
the purine biosynthetic pathway, controls the flow of metabolic flux through the pathway 
by end-product inhibition. Our strategy aims to genetically stimulate the production of the 
PRAT enzyme in nodules of transgenic legumes. A PRAT cDNA (which we have already 
isolated) will be linked to a soybean /eghaemoglobin (Lb) promotor fragment (obtained 
from DPS Verma, Ohio State University), and introduced into winged bean. The Lb promotor 
will ensure strong expression of PRAT activity in nodules of transgenic plants (Strougaard 
et al., 1987; Lee et al,, 1993). Transgenic plants will be nodulated and grown in the absence 
of nitrogen to determine if an increase in purine biosynthesis leads to an increase in the 
assimilation of fixed nitrogen which may be manifested in improved plant productivity 
under symbiotic conditions. 

It will also be interesting to see what effect an antisense PRAT construct will produce in 
transgenic nodules. It is expected that there will be inhibition of PRAT activity, and hence 
reduced purine and ureide biosynthesis in the nodule. This should greatly reduce the assimi-
lation of fixed nitrogen and induce symptoms of nitrogen deficiency, unless tropical le-
gumes are able to activate alternative routes for nitrogen assimilation under these condi-
tions. Thus, the experiment will reveal whether the formation of ureides via purine synthe-
sis is the sole route of fixed nitrogen in tropical legumes, or whether they can resort to 
alternative pathways of assimilating nitrogen. 

SUMMARY AND FUTURE PROSPECTS 

This project seeks to address three main areas: (i) the characterization of an important 
metabolic pathway in plants, the purine biosynthetic pathway by analysis of cDNa clones 
for the individual enzymes; (ii) the development of a transformation and regeneration pro-
tocol for a tropical legume; (iii) improvement of the productivity of tropical legumes under 
symbiotic conditions by genetic stimulation of the purine biosynthetic pathway. 

If the genetic stimulation of purine and ureide biosynthesis in the nodules of transgenic 
legumes proves to be successful in improving plant productivity under symbiotic condi-
tions, then the same strategy can be applied to the enhancement of plant productivity in 
other regionally important legumes such as pigeon pea (Cajanus cajan) and kidney bean 
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(Phaseolus vulgaris). Moreover, the transformation/regeneration system being developed 
will allow studies on the regulation of gene expression in tropical legumes. Overall, this 
research will contribute to the existing body of knowledge on \sgume-Rhizobium symbio-
sis, thereby bringing us one step closer to being able to transfer nitrogen fixing ability to 
non-legumes. 
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FORAGE GROWTH PERFORMANCE OF LABLAB BEAN 
IN THE SEMI-ARID TROPICS 

M.B. Adjei and T.J. Gentry 

Agricultural Experiment Station. University of the Virgin Islands, StCroix, US Virgin Islands 

ABSTRACT 

Lablab bean {Ixiblab purpureas (L.) Sweet) is a fast-growing, short-term perennial, 
tropical legume with a myriad uses for food, feed and green manure. The primary objective 
of this study was to determine clipping management practices required for optimizing hay 
and nitrogen yields of the lablab cultivar Rongai in the dry Caribbean. A secondary objec-
tive was to compare agronomic trails of eight introduced lablab bean accessions. Plots of 
lablab bean established on an alkaline fpH>7.8) clay soil (fine carbonitic, isohyperthermic, 
Typic Rendolls Mollisols) were initially harvested at one of four physiological stages of 
growth: vegetative (VGT), first visible inflorescence (FVI), full bloom (FB) and green pod 
(GP) to a 15-cm stubble height. The experimental design was a randomized complete block 
with three replicates. A subsequent forage harvest was taken at the green pod stage of growth 
for all treatments because of the propensity of lablab bean to flower early in the cool, short-
day photoperiod between the months of December and March, Forage subsamples were 
processed for leaf/stem ratio and overall dry matter (DM) yield determination. Another 
subsample was separated into two sequential 15-cm fractions and a top vertical fraction 
beginning from the base of harvested forage. All forage fractions were dried and analyzed 
for crude protein (CP). Forage DM yield from the initial harvest followed a typical sigmoid 
growth curve. It increased from 1,180 kg/ha at the VGT to 3,440 kg/ha at the GP stages of 
growth. Average DM yield from the aftermath was only 588 kg/ha, regardless of the initial 
harvest treatment, because of drought and a shorter photoperiod. The leaf fraction consti-
tuted 60 and 50% of forage DM for the first three and the GP stages of growth, respectively. 
Mean leaf CP was 25% and independent of maturity. However, stem CP decreased from 11 
to 7% in the initial harvest with maturity but remained constant at 11 % in the aftermath. The 
basal 15-cm forage fraction constituted 17% of total DM at the VGT but 9 -13% at the 
reproductive stages of plant growth. The upper two fractions (83-91% of forage DM) ex-
hibited CP contents between 15 and 25%. The results suggest that approximately 3,500 kg/ 
ha of lablab hay with 20% CP content is obtainable in a very dry season. For dual seed and 
forage production, Rongai was simitar to the best introduced accessions. However, indi-
vidual lablab bean accessions exhibited either higher seed or forage production than Rongai. 
More experiments are being conducted to determine lablab performance under favourable 
rainfall conditions in the Caribbean. 

INTRODUCTION 

The lablab bean (Lab/afc purpureus (L.) Sweet) is widespread throughout the tropics 
where it shows wide adaptation to soil and rainfall (200-2,500 mm per year; NAS, 1979). 
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There are also many uses of the bean for food, feed, green manure and ornamental pur-
poses. More than 200 genotypes are recognized with variable characteristics including dif-
ferences in leaves, pods and seed sizes, shape and colour (NAS, 1979). Differences in flower 
abundance, fragrance, corolla size and colour also exist. Despite the wide occurrence and 
multiple uses of lablab bean, the bulk of published research work has been confined to 
India, Australia and Brazil. Cultivar Rongai originally came from Kenya as CPI 16883 to 
Australia where it was commercially released. A much earlier-flowering cultivar, Highworth, 
was introduced to Australia as CPI 20212 from southern India. It has high seed yield coupled 
with adequate foliage DM production. It has purple flowers and black seeds whereas those 
of Rongai are white and light brown, respectively. Selection No. 697 performs well in Bra-
zil (Skerman et al., 1988). A dry matter yield of 5,438 kg/ha was obtained at Mount Makulu, 
Zambia, containing 23.38 and 11.5% crude protein for the first and second cuts (Van 
Rensburg, 1967). Murtagh and Dougherty (1968) obtained an average yield of 4,035 kg 
DM/ha from three sites on the north coast of New South Wales, Australia, with leaf yield 
averaging 2,094 kg/ha or 52%. Luck (1965) reported 25 to 26% CP in the leaf of Rongai 
compared with 18 to 23% for velvet bean, and the stem CP was 9-11 %. Lablab bean makes 
excellent hay although the stem may be difficult to dry unless conditioned mechanically to 
facilitate drying. Thurbon et al. (1970) made hay of lablab in north Queensland. The mate-
rial was mown, crushed (conditioned), windrowed, dried and baled. Ryley (1966) recorded 
good silage made from lablab alone and Skerman (1958) made excellent silage with a mix-
ture of lablab and sorghum lifting the CP of sorghum from 4.5% alone to 11% with a 2:1 
lablab/sorghum ratio. The palatability of lablab hay (French, 1937) and silage (Ryley, 1966) 
for sheep has been recorded. Sheep ate the silage readily at approximately 1 kg/head per 
day. There is a need to select lablab germplasm suitable for the Caribbean environment and 
obtain baseline forage production data. 

This research was conducted to: (i) determine dry matter and crude protein yields of 
Rongai and (ii) compare agronomic traits of Rongai with other introduced accessions on St 
Croix. 

METHODS 

The experiments were conducted at the Agricultural Experiment Station of the Univer-
sity of the Virgin Islands on St Croix. In Experiment 1, lablab bean 'Rongai ' , was drill-
seeded in 100-cm rows on Fredensborg clay. Plant intra-row spacing was approximately 
3cm. Planting took place in late August of 1994. Each plot contained three rows 6 m long. 
The clipping experiment was a randomized complete block design with three replicates. 
Harvest treatments consisted of removing forage initially at four physiological stages of 
growth; vegetative (VGT), first visible inflorescence (FVI), full bloom (FB) and green pod 
(GP). Corresponding harvest dates were 26 October, 5 December and 15 December 1994 
and 9 January 1995. Forage was harvested to a 15-cm stubble height. The lablab bean is a 
short-day plant (Skerman et al., 1988) and flowers readily in the Caribbean between the 
months of December and March. Consequently, subsequent forage harvests were taken at 
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the GP stage for all treatments. Harvested forage subsamples were divided into leaf/stem 
components. A second subsample was separated into two, sequential 15-cm sections and a 
top vertical section beginning from the base of harvested forage. Forage fractions were 
dried at 60 °C to constant weight and ground for CP (Gallaher et al., 1975; Hambleton, 
1977) analysis. 

In Experiment Π, Rongai and eight lablab accessions (Table 1), introduced from the 
International Livestock Centre for Africa (ILC A) in Ethiopia, were seeded also in late Au-
gust 1994. Each plot consisted of three rows ( 1 m inter-row spacing χ 4.6 m long) with 2-m 
alleys between plots to minimize cross-pollination. Because of seed limitation, the initial 
plant population in plots was variable among accessions. Plant numbers were counted, height 
measured, and growth form (erect, decumbent, trailing), stage of maturity, leaf colour, in-
sect damage and overall vigour rated bimonthly. Ripe pods were manually harvested weekly 
up to 6 months post-planting after which plots were cut back to allow for regrowth. Forage 
re growth was harvested every 2 months and subsamples were processed for DM and CP 
analyses as described. Data were subjected to analyses of variance and means were sepa-
rated by the LSD method. 

Table 1 Agronomic characteristics of lablab accessions at reproductive maturity (11-177d 
post-planting) 

Accession Growth 
forml 

Height 
(cm) 

Insect 
damage1 

Colour of 
leaves1 

Overall 
v igour 

ILCA #147 1.93 be 51.1 cd 4.2 ab 5.8 d 5.7 cd 
ILCA #6534 2.13 b 57.1 ab 3.0 be 7.3 b 7.5 a 
ILCA #7278 1.93 be 61.3 a 2.7 c 6.3 cd 7.5 a 
ILCA #7403 1.92 be 53.9 be 2.7 c 6.2 cd 6.8 abc 
ELCA #11609 1.93 be 55.0 be 2.5 c 6.5 cd 6.7 abc 
ILCA #11640 1.93 be 46.9 d 1.7c 6.5 cd 5.2 d 
ILCA #13685 3.00 a 38.9 e 4.5 a 8.7 a 6.3 abc 
ILCA #13699 3.00 a 38.9 e 5.2 a 8.5 a 6.0 bed 
Rongai 1.87 c 57.6 ab 2.2 c 6.7 bc 7.2 ab 

Values in columns followed by the same letter are not different (P<0.05) according to 
Duncan's Multiple Range test 
1 1 = erect, 2 = twining, 3 = trailing. 
2 1 = no insect damage, 2.5 = minor damage, 5 = severe flower and pod damage, 10 = 

severe overall plant damage. 
3 1 = dead brown, 2.5 = yellowish, 5 = greenish yellow, 7.5 = green, 10 = dark green. 
4 I = dead, 2.5 = weak & brownish, 5 = weak & yellowish, 7.5 = healthy & greenish, 

10 = strong stems & greenish. 
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RESULTS AND DISCUSSION 

Dry matter yield of the initial harvest increased in a curvilinear manner from 1.2 t/ha at 
the VGT to 3.4 t/ha at the GP (Figure la). However, yield from the second harvest was less 
than 1.0 t/ha regardless of initial treatment (Figure lb) because of little growth and early 
flowering of lablab plants during a short photoperiod. The leaf fraction constituted 58-62% 
of forage DM at the VGT, FVI and FB stages of growth. This fraction was reduced to 50% 
at the GP growth stage (Figure 2a). The top, mid and basal vertical sections amounted to 17, 
30 and 53% of total forage DM at the VGT (Figure 2b). However, at the reproductive stages 
of growth, the mid and basal fractions constituted only 15 and 11 % of forage DM, respec-
tively (Figure 2b). The lower yield obtained in this study compared with what is indicated 

• in the literature may be attributed to the unseasonably low rainfall recorded for the period. 
Rainfall in 1994 was only 53% of the 100-yr annual average of 1,191 mm. 

Crude protein content of whole plant averaged 23% at the VGT, 17% at the FVI and FB 
and 13% at the GP (Figure 3a). The leaf fraction contained approximately 28% CP until the 
GP stage of growth where it dropped to 25% (Figure 3b). Likewise, stem CP decreased 
from 11 % at the initial stages of growth to 7% at the GP (Figure 3b). There was a signifi-
cant interaction between stage of growth and vertical strati Fication of forage crude protein 
content. At the young VGT, the top section, which consisted mostly of leaves and succulent 
stems, had a CP of 28% (Figure 3c). The CP decreased to 20% in the mid and basal sections 
of VGT plants. The top vertical fraction at flowering averaged 20% CP. This was drasti-
cally reduced to 7% CP in the basal fraction at the GP. Our data confirm the high CP value 
of lablab forage. Additionally, clipping to 30-cm instead of 15-cm stubble height would 
allow for approximately 90% of forage DM recovery while improving overall forage CP 
from 13 to 20%. The higher stubble could also improve survival of plants and therefore 
stand persistence. This will be tested in future studies. 

VGT FVI FB GP VGT FVI FB GP 
STAGE OF GROWTH STAGE OF GROWTH 

Figure 1 Dry matter yield of lablab bean from harvest I (a) and harvest 2 (b) as influenced 
by physiological stage of growth 
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Figure 2 Percentage biomass of leaf (a) and of vertical sections (b) in lablab forage dry 
matter at four physiological stages of growth 

VGT FVI FB GP 

STAGE OF GROWTH 

VGT FVI FB GP 

STAGE OF GROWTH 

VGT FVI FB GP 

STAGE OF GROWTH 

Figure 3 Crude protein content in whole plant (a), leaf and stem (b) and three vertical 
sections (c) of lablab bean forage as influenced by physiological stage of growth 
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Figure 4 Plant population changes over time (d) for lablab bean accessions grown on 

St Croix 
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Figure 5 Individual plant seed and forage yields (a), and seed and forage yields per hectarre 
(b) of lablab accessions on St Croix 
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In Experiment Π, the decline in plant numbers between 42 and 289 days post-planting 
was 80% for ILCA accession 147,30% for Rongai but only 20% for lLCA 6534 (Figure 4). 
The decline in plant population for the remaining accessions was intermediate between the 
two extremes. Since this trial was conducted in an unusually dry year, accessions that 
demonstrated fair to good survival rates, i.e. 6534,7278,7403 and 11640, along with Rongai 
will be selected for further trials. Seed yield per plant was lowest for ILCA accession 
13685 (Figure 5a) due to severe flower and seed insect damage (Table 1). Rongai produced 
the highest seed per plant (69 g) and there were no differences among the remaining acces-
sions, Forage yield per plant was highest for the semi-decumbent accession 6534 and the 
trailing types 13685 and 13699. Yield per plant of Rongai was similar to all other acces-
sions except 13699. Forage yield following seed harvest exceeded 2,000 kg/ha only for 
accession 6534 (Figure 5b). The highest seed producer ILCA 147 (1,350 kg seed/ha) was 
also the lowest forage producer (340 kg/ha DM). Although data obtained are preliminary, 
ILCA accession 6534 has shown remarkable persistence and DM yield along with average 
seed production potential to become a prime candidate for further examination. Moreover, 
the seed of ILCA 6534 is white which is of nutritional significance since dark-coloured 
ones contain tannins (trypsin inhibitors) that lower feed digestibility. 

Managed exclusively for forage, approximately 3.0-3.8 t/ha of forage DM with 13% 
overall CP content was obtained by harvesting Rongai lablab bean at reproductive maturity 
to a 15-cm stubble. Increasing the stubble height of harvested forage to 30 cm could result 
in 90% recovery of the yield indicated and a forage CP elevation to 20%. Managed as a dual 
seed followed by forage crop, about 1,000 kg/ha of seed and 1,500 kg/ha of DM were pro-
duced by top accessions. Lablab bean ILCA accession 6534 has displayed sufficient agro-
nomic attributes in the Caribbean to warrant further close scrutiny. 
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ABSTRACT 

The germination and root and shoot production, up to 24 weeks after emergence, of 
leucaena (Leucaena leucocephala (Lam.) De Wit) and moringa {Moringa oleifera Lam.) 
were studied using randomized block (germination) and split-plot (tissue production) de-
signs. No fertilizer (FO) and compound fertilizer (8-18-32) providing 40 ,90 and 160 kg/ha 
NPK (F l ) were the split plots. Maximum germination, 11 days after sowing was 95,1 and 
90.2 (SED = 1.98; 17 df) for leucaena and moringa respectively. Moringa tended to be 
shallow rooted (26.8 cm vs 60.1 cm for leucaena, SED = 1.49; 5 df) but it had similar root 
biomass as leucaena (137.3 vs 132.8 g/m2, P>0.05). Shoot biomass (forage yield) was 
significantly higher (PcO.Ol ) for leucaena ( 196.4g m J ) than for moringa (145.3 g/m2). How-
ever, the response of moringa to applied fertilizer was two (for root biomass) to five (for 
shoot biomass) times that of leucaena. It was concluded that, with its good establishment 
capacity and high responsiveness to fertilizer application, moringa has potential as a multi-
purpose tree for forage production. 

INTRODUCTION 

Moringa oleifera Lam. (Saijan or drumstick) is a multipurpose crop indigenous to north-
west India, which has spread over all tropical areas. On the Indian subcontinent (India, 
Pakistan and Bangladesh) the main traditional use is the consumption of the tender pods, 
leaves and flowers as vegetables; the use of the oil extracted from the seed for spice, light-
ing and cosmetics, and the bark for mats (Ramachandran et al., 1980). The exudate from 
the stem is used in calico printing and the wood for pulp, paper and cellophane, and textile 
production (Nautiyal and Venhataraman, 1987). Extracts from all parts of the plant have 
medicinal properties and are used as antibiotics (Eilert et al., 1981), antiviral agents (Reddy 
and Sethi, 1974),contraceptives (Shukla etal., 1989) and fungicides (Layugan and Zerrudo, 
1987), or are used for the treatment of hypertension (Ala, 1983), ascites, snake bites, and 
rheumatism (Nautiyal and Venhataraman, 1987). In more recent years and in cultures in-
cluding those outside India, moringa seeds are used for water purification (Sutherland et al., 
1989) and for the re-afforestation of arid lands (Morton, 1991). 

Moringa leaves are also used as fodder for livestock (Sharma and Raina, 1980) but it 
appears that outside the Indian subcontinent this use of the plant has been greatly de-em-
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phasized, and even in its place of origin the plant has received relatively little attention as a 
fodder crop compared with the other attributes that have direct beneficial uses for human 
beings. On the other hand the use of leucaena (Leucaena leucocephala (Lam.) De Wit) for 
fodder production is firmly established all over the tropics. Indeed in CARDI's Animal 
Production Programme leucaena is the standard multipurpose tree used as fodder. 

This study was therefore conducted with the view to determining the fodder production 
potential of moringa in Jamaica. 

MATERIALS AND METHODS 

The study was undertaken at Newleigh, Mandeville in the parish of Manchester, Ja-
maica (18"3*N, 77*30'W; 2,100 mm annual rainfall, bimodal distribution in April-June and 
September-November, 7.0 daily hours of sunshine and 23.5 "C daily temperature). The site 
has a bauxitic soil described as St Ann Clay (Stark, 1963) with pH 6.4. 

Pre-establishment trial (shelled vs unshelled moringa seeds) 

Moringa produces fruits (pods) profusely yet it is commonly propagated by cuttings 
(Ramachandran eta!., 1980), obviously because of the traditional use of the green pods as a 
vegetable. However, where the crop is to be cultivated for fodder production propagation 
by seeds would seem to be the method of choice. The seeds are produced with shells and 
therefore a pre-establishment trial was conducted to assess the effect that the shells have on 
the germination of the seeds. 

Shelled and unshelled moringa seeds were sown on 25 May 1992 in well prepared seed 
beds 2 χ 1 m each at the spacing of 60 cm between rows and 15 cm within rows. There were 
14 seed beds arranged in a randomized block design with seven replicates. Maximum 
germination occurred 11 days after sowing and final germination count was taken on that 
day. 

Maximum germination percentage was 93.3 for unshelled and 86.7 for shelled seeds 
(SED = 1.05; 6 df). The shelling may have predisposed the seeds to attack by soil organ-
isms and to unfavourable soil environment, and hence the relatively low germination rate. 
The results of the pre-trial investigation showed that it was advantageous, and without the 
extra cost, to sow moringa seeds in-shell. Unshelled seeds were therefore used in the main 
experiment. 

Establishment and treatments 

Leucaena and moringa plots, 5 χ 1 m each, were laid down in well-prepared seed beds 
in a randomized block design with six replicates. On 10 June 1992 scarified (hot water 
method) seeds of both crops were sown, two seeds per point, in rows 60 cm apart and 15 cm 
within rows. The plots were observed daily to determine germination dates and rates. 

Two fertilizer treatments, F0 (no fertilizer) and Fl (40,90 and 160 kg/ha of Ν, Ρ,Ο, and 
K 3 0 , respectively, from 500 kg/ha of 8-18-32 compound fertilizer) were superimposed 2 
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weeks after the maximum germination date. Each leucaena and moringa plot was divided 
into two subplots, 2 χ 1 m each, and FO and F l assigned randomly. Two weeks after the 
fertilizer was applied, or 4 weeks after maximum germination, and every 4 weeks thereafter 
up to the 24th week, eight plants per subplot were randomly selected and the height of the 
shoots measured. The plants were then dug out of the ground, cleaned of soil and the shoots 
and roots separated. The length and the diameter (at the widest point) of the tap-roots were 
measured. Subsequently, the shoots and roots were weighed separately and dried in a forced 
draught oven for the determination of biomass production. 

The results of the study were analyzed according to standard ANOVA procedures -
randomized block analysis for the germination data and split plot analysis for the tissue 
production (Snedecor and Cochran, 1979). The treatment means were tested by Duncan's 
multiple range test. 

RESULTS AND DISCUSSION 

The germination of the seeds for both crops began 6 days after sowing; the germination 
rates at that time being 85.4% for leucaena and 60.8% for moringa. Maximum germination 
level was attained 11 days after sowing with the rates of 95.1 and 90.2% (SED = 1.88; 17 
df) for leucaena and moringa, respectively. 

The results of the below- and above-ground tissue production are presented in Tables 
1 - 5 and in Figures 1-5. The disparity between leucaena and moringa in the rates of tap-root 
extension and expansion became evident after week 8 (Figures 1 and 2). However, genetic 
effect was much stronger for these parameters than for fertilizer effect, especially for tap-
root length. The difference between leucaena and moringa was 33.7 cm (in favour of leucaena) 
for tap-root length and 27.6 mm (in favour of moringa) for tap-root width compared with 
9.2 cm and 9.2 mm, respectively for fertilizer effect (Tables Î and 2). Nevertheless the 
response of moringa tap-root width to applied fertilizer was 12 times that of leucaena (Table 
2). 

12 16 
flge post-emerpenœ (weeks) 

L * üauuhjBj M — Ullpp 
FO - No Fat; F1 ° d, 90 S180 l<ffh· NFK 

Figure 1 Effect of fertilizer and age on root length of leucaena and moringa seedlings 
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Figure 2 Effect of fertilizer and age on root width of leucaena and moringa seedlings 

Table I The effect of fertilizer on the length (cm) of leucaena and moringa tap-roots 

Species Fertilizer (8-18-32) dose (kg/ha) 
0 500 

Species mean 

Leucaena 56.4 64.6 60.5 

Moringa 21.7 31.9 26.8 

Fertilizer mean 39.1 48.1 

SED (a) = 1.49 (5 df); (b) = 1.29 (130 df); (c) = 1.82 (130 df); (d) = 1.66 (130 df) 

(a) = two species means; (b) = two fertilizer means; (c) = two fertilizer means for one 
species; (d) = two species means for one fertilizer level 

Table 2 The effect of fertilizer on the width (mm) of leucaena and moringa tap-roots 

Species Fertilizer (8-18-32) dose (kg/ha) 
0 500 

Species mean 

Leucaena 14.3 15.7 15.0 

Moringa _ 34.0 51.2 42.6 

Fertilizer mean 24.2 33.4 

SED; (a) = 0.89 (5 df); (b) = 0.78 (130 df); ( c ) = 1.10 (130 df) ; (d) = 1.00 (130 df) 

(a) = Lwo species means; (b) = two fertilizer means; (c) = two fertilizer means for one 
species; (d) = two species means for one fertilizer level 
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There was no significant difference (P>0,05) in the overall dry biomass yield of the 
roots of the two crops (Table 3). The root dry biomass increased by 30.3% for moringa 
compared with 11.5% for leucaena (P<0.01) with the application of fertilizer (Table 3). The 
differences in the rate of root dry biomass accumulation were apparent after week 12, with 
increasing rates of 14.7, 11.5, 11.2 and 9,0 g/m2 per week for fertilized moringa (MF1), 
fertilized leucaena (LF1), unfertilized moringa (MFO) and unfertilized leucaena (LFO), re-
spectively (Figure 3). 

Table 3 Effect of fertilizer on dry biomass production (g/m2) of leucaena and moringa roots 

Species Fertilizer (8-18-32) dose (kg/ha) 
0 500 

Species mean 

Leucaena 125 140 133 

Moringa 119 155 137 

Fertilizer mean 122 148 

SED: (a) = 3.1 (5 df); (b) = 2.2 (130 df); (c) = 3.2 (130 df); (d) = 3.1 (130 df) 

(a) = two species means; (b) = two fertilizer means; (c) = two fertilizer means for one 
species; (d) = two species means for one fertilizer level 

* L Fo 
L F1 

-*- M FO 
* M F1 

Figure 3 Effect of fertilizer and age on root dry biomass of leucaena and moringa seedlings 
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On average the height of moringa shoots was 93% that of leucaena, and almost exactly 
the same as that for leucaena with the application of fertilizer (Table 4). 

The dry biomass yield of shoots of moringa (145.2 g/m2) was, on average, 74% that 
of leucaena (PcO.Ol). However, its response to applied fertilizer was 81,5 g/m2 compared 
with 15.8 g/m2 for leucaena (Table 5). 

Table 4 Effect of fertilizer on the height (cm) of leucaena and moringa shoots 

Species Fertilizer (8-18-32) dose (kg/ha) Species mean 
F0 Fl 

Leucaena 48.6 60.0 54.3 

Moringa 42.0 59.2 50.6 

Fertilizer mean 15.3 59.6 

SED: (a) = 1.33 (5 df); (b) = 1.29 (130 dQ; (c) = 1.82 ( 130 df); (d) = 1.59 (130 df) 

(a) = two species means; (b) = two fertilizer means; (c) = two fertilizer means for one 
species; (d) = two species means for one fertilizer level 

Table 5 Effect of fertilizer on the dry biomass production (g/m2) of leucaena and moringa 
shoots 

Species Fertilizer (8-18-32) dose (kg/ha) 
0 500 

Species mean 

Leucaena 189 204 196 

Moringa 105 186 145 

Fertilizer mean 147 195 

SED: (a) = 2.8 (5 df); (b) = 3.1 ( 130 df); (c) = 4.4 ( 130 df); (d) = 3.7 ( 130 df) 

(a) = two species means; (b) = two fertilizer means; (c) = two fertilizer means for one 
species; (d) = two species means for one fertilizer level 

Up to about week 16 shoot tissue production, both in terms of height and dry biomass, 
was quite similar for both crops (Figures 4 and 5). Subsequently shoot height increased at 
the rate of 6.5, 6.7, 2.1 and 3.3 cm/week for LF0, LF1, MF0 and MF1, respectively. The 
corresponding dry biomass accumulation rates were; 20.4,44.4,5.5 and 26.1 g /n r per week, 
respectively. 

The germination rate and tissue production of leucaena observed were consistent with 
the performance of the crop during the early stages of growth (Pound and Martinez Cairo, 
1983; Proverbs, 1985; Ahmed, 1989), and as a multipurpose tree that has undergone exten-
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sive breeding and selection its overall apparent superiority over moringa in the parameters 
measured in this experiment was not unexpected. Also leucaena has the advantage 
(over moringa) of being able to fix nitrogen through the symbiotic bacteria in its root 
nodules. 

I L • Ι μ π u- Urt^i 

Figure 4 Effect of fertilizer and age on shoot height of leucaena and moringa seedlings 

Figure 5 Effect of fertilizer and age on shoot dry biomass of leucaena and moringa 
seedlings 

Despite these obvious genetic disadvantages of moringa, its germination rate of 90% 
can be considered high enough to ensure the successful establishment of the crop. 

Leucaena is a deep-rooted crop whereas moringa (as shown in this study) tends to be 
shallow-rooted. However, moringa compensates effectively for the lack of tap-root depth 
with tap-root mass. Therefore it can be postulated that moringa can store sufficient food in 
its tuberous root to carry it through drought periods just as the deep rooting habit of leucaena 
endows it with drought-tolerant capability. 

It can therefore be concluded from the study that with its good establishment capacity 
and high responsiveness to moderate fertilizer application, moringa has a potential for good 
fodder production. 
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OPERATING A LAMB FEEDLOT IN BARBADOS 
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Gerry Thomas. Gerald Proverbs and Terence Haynes 

Caribbean Agricultural Research and Development Institute, 
Cave Hill Campus, St Michael, Barbados 

ABSTRACT 

One hundred and twenty weaned Barbados Blackbelly lambs were reared in confine-
ment in batches of 20 between October 1993 and April 1995. They were fed a by-product 
ration which consisted of poultry litter, wheat middlings, rice bran, molasses and a mineral/ 
vitamin mix. Data collected were used to measure parameters such as average daily gain 
(ADG), average daily feed intake (ADI), feed efficiency (FE); carcass measurements were 
also evaluated. The liveweight for each animal was recorded immediately before slaughter 
and the head, skin, feet, paunch, heart and liver were also weighed. The carcass was divided 
into fore and hindsaddles at the 12th and 13th rib. ADG, ADI and FE were 0.094, 1.2 and 
12.9 kg respectively. Rams were significantly heavier (P < 0.001) at slaughter than ewes 

and the skin and paunch of rams were also significantly heavier (P < 0.001 ). However there 
was no significant difference (P > 0.05) in weight of heads and livers of rams and ewes. 
Cost per unit gain was US$1.67. ADG for ram and ewe lambs was 100 and 87 g respec-
tively. Average fasted slaughter and carcass weights were 30.8 ± 3.94 and 15.4 ± 2.2 kg 
respectively with a dressing out of 50%. Fasted weight was approximately 92% of fresh 
liveweight. There was an additional 7% shrinkage between hot and cold carcass weight and 
fore and hindsaddles were 51 and 43% of chilled carcass weight respectively. Legs, shoul-
ders and racks represented 60 ,56 and 23% of hind and foresaddles respectively. The head, 
skin, and paunch were 5, 13, and 24.6% of fasted liveweight while the liver was 9.6% of 
chilled carcass weight. 

INTRODUCTION 

There is a scarcity of research and development information on the operation of a sheep 
feedlot in Barbados. Information on investment and operating costs for growth rate of Iambs, 
cost/unit gain, and feed efficiency is the major constraint to the development of a commer-
cial lamb feedlot. One of the potential problems in a feedlot is disease and sheep kept in 
closely confined conditions are predisposed to disease with the accompanying mortality, 
morbidity and poor weight gain and lower feed efficiency. 

Lamb production in Barbados is not well organized bearing in mind that there are 
approximately 24,000 sheep. This figure represents 18% of the total number of carcasses 
imported annually and in 1994 the quantity of frozen mutton/lamb imported represented the 
equivalent of approximately 130,000 head of sheep. Approximately 90% of the sheep are 
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owned by farmers who are considered 'landless' or 'land limited' with holdings of less than 
1 ha and less than 10 sheep. The size of these holdings is a major constraint to successful 
economic production of lamb. Another constraint to production is the importation of rela-
tively inexpensive lamb/mutton and the livestock industries' overdependence on imported 
feedstuffs for the manufacture of livestock feeds. 

Previous authors have presented the Barbados Blackbelly (BB) sheep as slow gaining, 
poorly muscled and lacking the traits to be recommended as a meat breed (Johnson, 1944 
cited by Rastogi et al., 1980; Patterson, 1976; Rastogi. 1976; Laurie, 1978; ; Patterson, 
1984). The only trait the sheep is consistently given credit for is its prolificacy. Over the 
years, the breed has demonstrated that it is capable of producing carcasses of acceptable 
quality at rates of gain comparable to North American and European meat breeds (Quintyne, 
1980; Blaylock, 1985; Hunte, 1986). Crossbreeding experiments conducted between 1975 
and 1984 produced Barbados Blackbelly carcasses that were equal in quality and muscling 
to BB χ Suffolk and BB χ Dorset crosses. Romans (1979) concluded that the carcass quality 
of the Barbados Blackbelly was sufficient for the meat trade and that the flavour of the meat 
was considered by many to be superior to the British breeds. 

The Barbados Government's 1988-1993 Draft Agricultural Sector Plan called for self-
sufficiency in mutton/lamb production by the end of the planning period and that could only 
be achieved if there was a shift in production systems from extensive to intensive lamb 
production (Hunte, 1988). However, feeder lambs can be produced by farmers under semi-
intensive or extensive systems with supplementation at strategic times, i.e. 6 weeks before 
lambing and during lactation (Thomas, 1994) for finishing in a feedlot. 

A pilot feedlot was set up to study the production and economic parameters required 
for the operation of a lamb feedlot. The growth rate and cost of production of lambs from 
weaning to market weight as well as the incidence of any diseases were monitored. 

METHODS 

Lambs 

One hundred and twenty weaned lambs (rams and ewes), 8 - 1 0 weeks old, were pur-
chased from low-resource sheep farmers and reared in confinement in batches of 20 be-
tween October 1993 and April 1995. Mean initial body weight of the lambs was 14.9 ± 3.3 
kg. All animals were treated on arrival for internal parasites. Initial body weights were 
taken on arrival and lambs were separated into groups of five on the basis of sex. Animals 
were weighed before feeding to minimize the gut-fill error and every 28 days thereafter, 
until they reached approximately 34 kg liveweight. 

Feeds 

Percentage composition of the ration is given in Table 1. The ration consisted of poul-
try litter, wheat middlings, rice bran, molasses and a mineral/vitamin mix. Chemical com-
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position of the ration was 89% dry matter, 15% crude protein, 15.9% acid detergent fibre, 
0.6% calcium, 0.3% phosphorus, 11.9% ash and 13.8 MJ digestible energy (DE)/kg diy 
matter. Lambs were group fed and feed refusal was taken on a weekly basis. Lambs under 
11 kg were fed a commercial lamb starter until they reached 15 kg. 

Table 1 Percent of ingredients in by-product 
ration for lambs fed in feedlot 

Ingredient % 

Poultry litter 20 

Wheat middlings 50 

Rice bran 10 

Molasses 18 

Mineral/vitamin mix 2 

Data collection 

Animal performance was monitored on a regular basis and random faecal samples 
were taken every 4 - 6 weeks and submitted to the veterinary laboratory for faecal analysis 
to determine the level of infestation of internal parasites. Treatment was carried out when a 
score of 2+ or higher was reported. Economic data collected included cost of lambs and 
feed; income over feed and Iamb costs (IOFC) were used to examine economic data. 

Carcass evaluation 

The liyeweight of each animal was recorded immediately before slaughter and the 
head, feet, paunch and liver were also weighed. The carcass was divided into fore and 
hindsaddles at the 12tband 13th rib and the shoulders and legs were calculated as a percent-
age of fore and hindsaddles respectively. The foresaddle is composed of the shoulders, rack, 
fore shank and breast while the hindsaddle is composed of the loin, legs and flank. 

RESULTS 

Animal performance 

Table 2 summarizes the performance and carcass traits of Barbados Blackbelly lambs 
in feedlot. Of the 120 lambs brought into the feedlot, nine died from various causes - 30% 
died from tetanus. Dry matter intake (DMI) was not significantly different between ewes 
and rams but average daily gain (ADG) was significantly different (P < 0.001). Overall 
ADG over the whole fattening period was 94 g. Dry matter intake was 3.6% of body weight 
and feed efficiency (FE) Avas 12.9 kg DMI/kg body weight gain. 
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Slaughter, carcass, skin and paunch weights of rams were significantly heavier (P<0.001) 
than corresponding weights for ewes but there were no significant differences (P>0.05) in 
weight of heads and livers of rams and ewes (Table 3). 

Table 2 Performance and carcass traits of Barbados Blackbelly lambs in feedlot 

Parameter Rams Ewes Rams and ewes 

No. of animals 53 48 101 

Slaughter age (days) 202 202 202 

Slaughter wt (kg) 32.75* (0.47) 28.52b (0.50) 30.77(0.39) 

Mean carcass wt (kg) I5.9Ia(0.29) 14.82» (0.31) 15.42(0.22) 

Dressing % 49 52 50 

Carcass wt/d (g) 79 73 76 

Standard error of the mean (SEM) in parentheses 
Means with different superscripts differ (P < 0.001) 

Carcass evaluation 

Average fasted and carcass weights were 30,8 ± 3.94 and 15,4 ± 2.2 kg respectively 
with a dressing out of 50%. However, the chilled carcass weight of rams was 7% heavier 
than that of ewes, with ewes having a higher dressing out percentage. Fasted weight was 
approximately 92% of fresh weight and there was an additional 7% shrinkage between hot 
and chilled carcass weight. 

The foresaddle comprised 51 % of the carcass and 25% of the live animal while the 
hindsaddle comprised 49% of the carcass and 21% of the live weight. The shoulders and 
legs were 56 and 60% of the fore and hindsaddles and had correlation values ( r ) of 0.033 
and 0.9 respectively (Table 4). 

Table 3 Mean weight of head, liver, paunch and skin as a percentage of fasted weight 

Parameter Mean weight (kg) % Fasted weight SE 

Head 1.56(101) 5 0.25 

Liver 1.47 (86) 5 0.23 

Paunch 7.61 (101) 25 1.25 

Skin 4 .03(101) 13 0.86 

No. of animals in parenthesis 
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Table 4 Mean weight of legs, flanks, shoulders, racks and neck as a percentage of carcass, 
hind and foresaddles 

Parameter Mean weight (kg) % Fasted weight SE 

Legs 26(11) - 60 
Flanks 14(11) - 31 

Shoulders 28(11) 56 -

Racks 12(11) 23 -

Neck 7(11) 14 -

No. of observations in parenthesis 

Economic evaluation 

The most significant variable costs were feed and feeder lambs. The average lamb and 
feed cost was US$25.00 and $0.13/kg respectively. Table 5 summarizes the economic pa-
rameters using the income over feed (IOFC) and lamb costs. The cost of feeding lambs for 
the fattening period was US$26.00 while cost/kg gain was $1.67. The income over feed and 
lamb cost was US$29.00 per lamb. The income would have been higher if the heads and 
livers had been sold, Tf these carcasses had been sold in the traditional manner, i.e. at farmgate, 
the income over feed and lamb cost on a per lamb basis would have been US$12.00. 

Table 5 Economic data used to evaluate the performance of lambs in feedlot 

Parameter Input/output (BAS) Input/output (Farmgate) 

Cost of animals (US$) 3,000 

Total carcass wt (kg) 1,555.4 1,555.4 

Income (US$) 8,550 6,844 

Feed cost (USS) 2,658 2,658 

Income over feed & lamb costs 2,892 1,186 

IOFC & lamb cost/lamb 29 12 

Cost/kg gain (US$) 1,67 1.67 

Barbados Agricultural Society (BAS) pricing structure: legs, US$6.45/kg; shoulders, $5.00; 
stew, $4.95. Farmgate US$4.40/kg 



DISCUSSION 

The average daily gain recorded was lower than thai reported by Blaylock (1985) and 
Hunte and Swartz (1992) for lambs reared under confinement. The lower ADG obtained 
with the use of a low-cost ration has implications for commercial lamb producers since the 
number of days to reach market weight will be increased (Blaylock, 1985; Hunte, 1988). 
The animals used in the growth trials reported by both Blaylock and Hunte were genetically 
more uniform than those used in the feedlot which were of very diverse genetic make up 
and had been produced on widely different nutritional planes. In addition, the feeding of 
commercial concentrate would have allowed these animals to fully exploit their genetic 
potential. However, the feedlot ration consisting of by-products produced satisfactory weight 
gains under intensive systems of production. 

The faster growth rate of rams in this study compares favourably with the findings of 
Stagnaro (1983), Thompson and Lee (1984), Hunte (1988) and Thomas (1994). Jones et al. 
(1983) also reported that ram lambs had more muscle in the shoulder and less muscle in the 
legs than ewes. The shoulders in this study had a higher percentage of carcass weight than 
the legs. However, Wynn and Thwaites (1981) concluded that muscle distribution did not 
vary in any economically important way. The feed efficiency for both rams and ewes was 
approximately the same but the average weight before slaughter was significantly higher in 
rams since ram Iambs are more efficient converters of feed to carcass (Thompson and Lee, 
1984). This characteristic as an efficient converter and the fact that the meat from ram 
lambs is leaner (Kirton etal . , 1982; Seideman et al., 1982) makes ram lambs better suited to 
lamb-producing systems like feedlots. 

There was considerable variation in animal performance and this is consistent with 
other findings when ruminants were fed poultry litter based rations (Jakhmola et al„ 1988). 
This could be attributed to the differences between animals, location factors affecting the 
nutritive value of the litter, the nature of other feed ingredients in the ration and the variabil-
ity of the nitrogen content of the litter (Bhattacharya and Fontenot, 1966; Bhattacharya and 
Taylor, 1975). 

The ADI by intact crossbred Persian Blackhead rams reported by Lallo and Ben η (1993) 
compares favourably with that reported here but the FE was twice that reported by Lallo 
and Benn (1993) and McClure et al. (1991) for crossbreds but cost/unit gain and income 
over feed and lamb costs was much tower in this study, probably because lower feed cost. 

Carcass composition within a genotype is mainly a function of empty body weight 
(Burton and Reid, 1969) but may be altered by nutrition at the same body weight (Usborne 
et al., 1961; Soeparno and Davies, 1982). The dressing percentage reported compares 
favourably with those reported by Blaylock (1985) and Hunte and Swartz (1992) for weight 
range but was higher than those reported by Lallo and Benn (1993) and Stagnaro (1983) 
using high-grade West African wethers. The chilled carcass weight in this study compares 
favourably with the findings of McClure et al. (1991) and the shrunk carcass weight was 
similar to that reported by Lallo and Benn (1993). The percent shrinkage observed in this 
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study is in agreement with Hunte and Swartz ( 1986) and the hindsaddle was similar to that 
reported by Boyd (1983) for Dorset and Suffolk-sired Barbados Blackbelly lambs. The 
weight of the fore and hindsaddles as a percentage of carcass weight compares favourably 
with the findings of Romans and Ziegler (1974) using the Uniform Retail Meat Identity 
Standards of the US National Livestock and Meat Board. 

Thomas (1994) has shown that weaned lambs can be produced economically under 
semi-intensive and extensive production systems depending on the season. Lamb produc-
tion under these systems can be used to produce feeder lambs for feedlot operations if the 
enterprise is to be profitable since the ewe cost will be substantially reduced from that 
reported by Blaylock (1985) and Thomas (1994) for intensively reared ewes. 

CONCLUSION 

The production of acceptable carcasses from Barbados Blackbelly lambs in feedlot is 
possible and dispels the theory that the Barbados Blackbelly sheep lacks the traits for it to 
be recommended as a meat breed. This fact was emphasized by Romans (1979) who con-
cluded that the carcass quality of the Barbados Blackbelly was sufficient for the meat trade 
and the flavour of the meat was considered by many to be superior to the British breeds. 
However, for this goal to be realized the commercial production of a ration made from by-
products, which meets the nutritional requirements, needs to be further refined. 
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ABSTRACT 

Barbados is a small island, with an area of 430 kmJ. It is predominantly coralline, with 
porous soils, except for an area known as the Scotland District, where clay soils are ex-
posed. Surface water is limited, and the major reservoirs of water lie underground. None-
theless, interest in aquaculture has surfaced, particularly since the 1980s. This paper gives a 
brief account of the history of aquaculture in Barbados, and presents information on the 
status of aquaculture in the island. At present mariculture ventures are limited to a pilot 
project on the cage-rearing of the dolphin fish or mahimahi (Coryphaena hippurus), and to 
small pilot projects on the cultivation of seamoss (Gracilaria spp.). Tilapia are reared as a 
food fish by only a small number of operators. Ornamental fish are bred and reared for the 
local pet-shop market. 

INTRODUCTION 

Production from world capture fisheries has plateaued and in some cases production of 
desired species has declined (Pillay, 1990). In Barbados, as in many other countries, the 
demand for fish and fish products cannot be met by the local capture fisheries. As the de-
mand for fish and other aquatic species continues to grow, countries have turned to aquac-
ulture as a means to reduce the gap between supply and demand (FAO, 1987; Pillay, 1990). 

Two of the major constraints to the development of aquaculture are the availability of 
water (whether fresh, brackish or salt) and land. However, in countries where surface water 
resources are scarce, aquaculture is carried out using groundwater or drainage water, as in 
Saudi Arabia (Siddiqui et al., 1991), or waste water may be used, as in Asia (Pillay, 1990). 
In the semi-arid US Virgin islands, aquaculture is practised despite the constraints of land 
and water. Innovative approaches to aquaculture have been developed and tank aquaculture 
is promoted as this requires less space than traditional pond aquaculture (Rakocy, 1989). 
Open water coastal aquaculture requires sheltered bays, which nonetheless have adequate 
water movement and circulation. Water quality should be good (Pillay, 1990). 

The species targeted for culture in Barbados are seamoss, Gracilaria spp. (L.), the dol-
phin fish or mahimahi, Coryphaena hippurus (L.), and red hybrid tilapia. Traditionally, 
seamoss has been harvested from wild stock by coastal communities. The dried seamoss 
was then sold to individuals for consumption in drinks and desserts. Wild stocks, however, 
have become depleted (Smith, 1986, 1989). Local demand for seamoss products has re-
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suited in the establishment of a small company that produces bottled seamoss drinks and 
'jells'. All of the seamoss used by the company is imported from St Lucia. The dolphin fish 
is prized as a food fish in many countries. After a decade of research, Kraul and Ako (1993), 
report that they have developed successful aquaculture methods for this fish through all 
stages. It is considered an 'attractive candidate' for aquaculture because it has, among other 
advantages, a fast growth rate, low feed conversion rates and a high market price (Ako et 
al., 1993; Kraul and Ako, 1993). Tilapia are popular for warm-water aquaculture. There are 
three tilapiine genera of which Oreochromis is commercially the most important. They are 
hardy fish, tolerant of relatively poor water qual ity, have a good growth rate and accept a 
wide range of diet. Red hybrid tilapia show characteristics intermediate between four spe-
cies of Oreochromis·. O. niloticus (L.), 0. mossambicus (Peters), 0. hornorum (Trewavas) 
and O. aureus (Steindachner). Monosex cultures of males give the best yields (Pillay, 1990; 
Trewavas, 1983). 

GEOLOGY AND WATER RESOURCES 

Barbados is the easternmost island of the Antillean archipelago. It is a small island, 
with a surface area of 430 km2 and a coastline approximately 74 km in length (Drewett, 
1971 ; Harris, 1983). The terrain is characterized by gently sloping limestone terraces, with 
a high point just off the centre of the island. The island is composed almost entirely of 
sedimentary rock. A coral limestone cap covers roughly 86% of the island. It is only in the 
east of the island, in the Scotland District, that the coral cap is eroded exposing the sand-
stones and clays of the Scotland and Oceanic Series (Barker, 1982; Harris, 1983; Wilson, 
1989). Because of the porous nature of the coralline limestone cap, little surface water is 
present. Most of the water is found underground as sheet or stream water (Wilson, 1989). 
Surface water may originate as springs along the edges of the Scotland District, at the junc-
tion of the Scotland Series and the coral cap (Wilson, 1989), and this water then flows away 

as streams. The quantity of water in the streams varies with the seasons. In a 1992 survey, 
45 springs were identified (S. Catwell, pers. comm.). Surface water may be found in natural 
ponds, but these are few , however some estates have constructed artificial ponds for the 
storage of water (Burgess and Fields, 1995). With respect to the ability to meet the demand 
for freshwater from our underground freshwater reserves, Barbados is almost at its limit. 
The Barbados Water Authority (BWA) is therefore looking to target areas of brackish water, 
which lie at the interface of the freshwater and salt water lenses, for desalination purposes 
(J. Mwansa, personal communication). It must be emphasized that freshwater for tourism, 
and for domestic, industrial and agricultural use, whether supplied to the user from the 
public water supply, through the Agricultural Development Corporation or pumped from 
licensed wells on private property, is derived from the common underground reservoir. 

Barbados has a smooth coastline, with few sheltered bays. The cast coast of the island, 
due to the prevailing winds and more exposed coastlines, experiences heavier surf than the 
west and south-west coasts which are more protected. The west and south-west coasts, 
however, are densely populated and tourist facilities are concentrated along these coasts. 
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HISTORICAL BACKGROUND 

In 1983 the Government of Barbados and the University of the West Indies collabo-
rated in the establishment of a pilot project for the culture of Oreochromis niloticus (L.). 
The project was located at Greenland in St Andrew, and the imported fingerlings were 
reared in three earthen ponds, with a total surface area of 5,250 m2 (Moo-Young, 1985). 
This was the first large-scale importation of tilapia into the island for aquaculture purposes. 
Some objectives of the project were to establish techniques for growing tilapia in Barbados, 
to determine the economics of tilapia farming in Barbados and to test the market reaction to 
the fish (E. Moore, personal communication). Red hybrids from Jamaica were later intro-
duced into the facility at Greenland by the Fisheries Division in association with the United 
States' Peace Corps. Although marketable fish were produced, results showed that the project 
was not economically feasible. Problems experienced included inadequate water supplies, 
leakage of water from the ponds and theft of fish. The project was stopped in 1986 (S. 
Willoughby, personal communication). 

Beginning in the 1980s, aquaculture research has been carried out at the Cave Hill 
Campus of the University of the West Indies. International agencies providing funds for 
research included the Organization of American States (OAS) and the European Economic 
Community (EEC). The research was carried out in the Biology Department, at both the 
undergraduate and graduate level, under the supervision of Dr Euna Moore. Research was 
carried out on mariculture of seamoss (St Hill, 1986), culture of local freshwater shrimp 
(Felix, 1991), and integrated farming of tilapia (Weithers, unpublished). Research was fa-
cilitated by the construction of an aquaculture building on the campus grounds, which was 
funded under Lomé II. The building was completed in 1987. Fields (1993) showed that 
besides its use as a teaching and research facility, the aquaculture building could be used as 
a hatchery for the production of red hybrid tilapia fingerlings. 

The Fisheries Division of the Ministry of Agriculture and Rural Development (for-
merly the Ministry of Agriculture Food and Fisheries) is the government agency with 
responsibility for aquaculture. The division has on staff two persons with some training in 
tilapia and seamoss culture. In 1991, a study to assess the feasibility of aquaculture in 
Barbados was carried out by the Food and Agricultural Organization of the United 
Nations (FAO) at the request of the Barbados Government, With respect to large-scale aquac-
ulture, the results of the study were "not encouraging" (S. Willoughby, personal communi-
cation), and in general, within the division, low priority has been given to aquaculture 
activities. 

The public of Barbados has displayed an interest in aquaculture. Fingerlings from the 
Government and UWI aquaculture projects were given to individuals who expressed a de-
sire to rear tilapia. One such person reared red hybrid tilapia to marketable size, which he 
sold at his farmgate for US$4.00/kg. However this success was not achieved by others, due 
in a large part to the lack of extension services. In an attempt to provide assistance and 
information to farmers and potential farmers, the Barbados Aquaculture Association (BAA) 
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was formed in October 1991. The BAA falls under the umbrella of the Barbados Agricul-
tural Society. 

STATUS OF AQUACULTURE IN BARBADOS. 

Coastal aquaculture. 

At this time, attempts are being made to culture Graci /arw spp. (seamoss), and 
Coryphaena hippurus (dolphin fish). Figure 1. shows the locations of the aquaculture ven-
tures. 

Mariculture of Coryphaena hippurus. 

The dolphin fish or mahimahi, Coryphaena hippurus, is presently being reared in cages 
in open water off the coast of Half Moon Fort in St Lucy, The venture is entirely a private 
enterprise, called Caribbean Aqua Farms. The offshore facility now consists of a barge and 
four cages. The depth of the water at the farm site is 34 m. The cages are designed to hold 
5,000 fish at a marketable size of 1.8 kg. Stocking of the cages began in November 1994, 
with finger] ings imported from Florida. Plans are underway to develop a hatchery at the site 
using local dolphin fish as brood stock. None of the fish produced at the farm will be sold 
locally. 

Mariculture of Graciluria spp. 

There are two independent projects involving the culture of seamoss. In both cases 
seamoss cuttings, imported from St Lucia, are used as the seed stock. The type of seamoss 
being used is an undetermined terete form called GT, for Gracilaria spp. terete (Smith, 
1989). 

(i) Half Moon Fort Seamoss Project. This is a private enterprise, the aim of which is to grow 
seamoss for the local and export market. The project is located at Half Moon Fort, St Lucy, 
a short distance away from the dolphin project. Cultivation began in December 1994 using 
the raft system. No data are available regarding the quantity of seamoss produced, but the 
owners report that growth was good. 

(ii) Co η sett Bay Seamoss Project. This is a government subsidized project. The culture of 
the seamoss is carried out by three fishermen from the Consett Bay area under the supervi-
sion of personnel from the Fisheries Division of the Ministry of Agriculture and Rural 
Development. The method used here is the long-line method. The Fisheries Division pres-
ently provides the fishermen with the rope and seed material. It is envisaged that in the long 
term, the fishermen will purchase these materials from money derived from the sale of the 
crop. The fishermen plan to sell the dried seamoss within the local community. Trial lines 
were established in November 1994, Growth of the alga was reported to be excellent, with 
an increase in length of 2.5 cm per week. Unfortunately much of the crop was lost to rough 
seas. Cultivation is expected to begin again in August 1995. 
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Inland aquaculture 

Tilapia culture. 

At present there are only a very few individuals who grow tilapia for food. In all cases, 
except one, the tilapia are reared in tanks, and the fish are fed intermittently, or not at all. 
The tilapia produced are used by the owner. Both sexes are present in the tanks and the 
majority of the fish are small. Other individuals rear tilapia for ornamental purposes. 

Ornamental fish culture. 

A survey of pet shops in the island reveals that they import most of the fish they sell. 
However there are a few individuals who breed ornamental fish, some of which are sold to 
local pet shops. The spccies being bred include platies, goldfish, and discus. 

DISCUSSION AND CONCLUSION. 

While the potential for large-scale aquaculture in Barbados is severely constrained by 
lack of water and land, limited potential exists for medium and small-scale aquaculture 
ventures, Tilapia culture should be integrated with the production of other food crops, so 
that the raising of a tilapia crop does not place a separate burden on water reserves. For 
example, on small farms, the rearing of tilapia in tanks, used for the collection and storage 
of rain water for irrigation purposes, could produce an extra food crop. The cultivation of 
seamoss on a small scale should be encouraged, as it requires a low investment with the 
potential for good returns. Another area of aquaculture that should be considered is the 
rearing of tropical freshwater and marine ornamental fish. Methods for the breeding and 
culture of tropical freshwater ornamentals are well established and the demand for these 
fish is high. Alava and Gomes ( 1989} report that in 1987, the USA alone imported tropical 
ornamentals worth over US$500 million. The reproductive physiology and breeding habits 
of tropical marine ornamental fish are not as well known. However, over-exploitation of 
wild stocks combined with the continued demand for these fish, signals that research in 
these areas is required. The University of the West Indies and Bellairs Research Institute are 
institutions that could be involved in this research. 
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ABSTRACT 

In Latin America and the Caribbean, culture, resource endowment, market opportuni-
ties, government policies and external pressures provide a milieu of agricultural production 
patterns. In addition, animal agriculture is affected by the often unpredictable climate, wa-
ter availability, land degradation, pests, diseases, and genetic resources. Despite these prob-
lems, grazing animals utilize 76% of the agricultural land, livestock production accounts 
for 30% of the agricultural gross product and generates 35% of the total food produced in 
the region. On the other hand, shifting agriculture practices, greed and poor farming prac-
tices have led to natural resource degradation. Many environmentalists point to poor animal 
agriculture systems as the main culprit in the loss of the natural resource base. Nevertheless, 
the region has the potential for dealing with challenges to its food production and its natural 
resource protection. Since the late 1970s the application of a holistic approach to solving 
production constraints at the farm level has been a feature in the region's research and 
development programmes, an effort led by the Latin American Network for Animal Pro-

duction Systems Research (RISPAL). RISPAL is a network comprising 16 projects in Gua-
temala, Costa Rica, Mexico, Panama, Colombia, Chile, Guyana, Peru and Venezuela. Its 
methodological achievements have helped establish appropriate research undertakings in 
the region. The focus of a 1992 livestock specialist meeting was to examine the commonly 
held belief that livestock have only negative impacts on the environment and are solely 
responsible for major environmental damage. The findings of this analysis contributed to 
the development of strategies for the International Livestock Research Institute (ILRI). ILRI. 
created in September 1994, is responsible for two-thirds of all CGI AR livestock-related 
research in developing regions. In January 1995, 28 experts in livestock research from 25 
countries were consulted in Nairobi to help ILRI define its global programme of research, 
training jand information activities. With over 300 million people around the globe depend-
ing for their livelihoods on their health and productivity, the time has come for a reassess-
ment of the roles of livestock in society and their interplay with the environment must be 
confronted. 
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INTRODUCTION 

In Latin America and the Caribbean, culture, resource endowments market opportuni-
ties, and other factors, provide a large matrix of agricultural production patterns, modified 
by changing government policies and external pressures; for example, shifting cultivation 
in Lhe Amazonian countries, the diversified agriculture practised by small farmers and peas-
ants, the dual-purpose cattle systems practised in the wet/dry tropics, the highly specialized 
agriculture practised in Chile, and the subsistence-level goat herding in northern Mexico 
and Peru. The economic, technical, social and political factors affecting animal agriculture 
are, in turn, affected by the often unpredictable climate, water availability, land degrada-
tion, pests and diseases and genetic resources. Despite these problems, grazing animals 
make use of 76% of the agricultural land, livestock production accounts for 30% of the 
agricultural gross product and generates 35% of the total food produced in the region. Over-
all, there is self-sufficiency in beef production but a deficiency in milk production (12%). 
There is a high elasticity of demand for livestock products though inequity in consumption 
between social groups is still evident. 

The rural poor and natural resource degradation are closely linked since survival prac-
tices of resource-poor farmers can result in deforestation, reduction in fallow lands and 
erosion. As production on these lands becomes unsustainable, many resource-poor farmers 
are forced to move to marginal lands, such as steep hillsides and humid tropica) areas, and 
to begin the poverty-degradation cycle anew or to migrate to urban areas, compounding 
unemployment and food security problems there. Environmental degradation, in turn, com-
promises current agricultural productivity, undermines future productivity and perpetuates 
poverty. Deforest-ation has been the result of shifting agriculture and opportunism. The 
ensuing degradation of the natural resources has been the result of inadequate practices in 
cropping, irrigation and grazing. In fact, many environmentalists and other specialists point 
to poor animal agriculture systems as the main culprit in the loss of the natural resource 
base. Nevertheless, the region has the potential for dealing with challenges to its food pro-
duction and its natural resource protection. It holds only 8,1% of the world population but 
23% of the potentially usable lands, 12% of those under cultivation, 17% of grasslands, 
23% of forests, 46% of tropica! forests and 31 % of freshwater runoff that might be used in 
a sustained manner. A single hectare of tropical forests holds greater biodiversity than the 
whole of Europe. 

The effective application of this natural resource base to the alleviation of hunger and 
poverty problems in a sustained manner will occur only if systematic attention is paid to 
conditions favouring the growth of production and productivity, key among which will be 
the provision and use of suitable technologies. 

THE NEW ECONOMIC AND INSTITUTIONAL TRENDS 

Structural adjustments, the economic crisis and the liberalization of trade have dimin-
ished public investment in agricultural research and extension. Market forces are encourag-
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ing a change in the region from its traditional commodity structure toward a more diversi-
fied one. As the GATT Uruguay Round accords take effect toward lower subsidies and 
trade barriers, and as subregional pacts such as NAFTA are implemented, the region will 
undergo profound and quick changes in search of its competitiveness in agricultural pro-
duction and trade. The establishment of novel information systems and access to pertinent 
data will be a key development in this process. 

Although not all rural problems are caused by the poor, any strategy that fails to deal 
squarely with the issue of rural (and urban) poverty will prove ineffective in reducing natu-
ra! resource destruction and degradation while increasing food production and productivity 
in the region. The new strategy will require investment and a range of policies, among 
which agricultural technology is of foremost importance (Ruiz, 1994). The new technology, 
for example, will have to have an ecoregional systems approach, particularly in those frag-
ile and low-potential areas where many of the rural poor live. 

Decisions are being made toward a smaller role and financing for the public sector 
while encouraging the private sector to take up agricultural research and development du-
ties. However, the public sector will most likely retain: (i) the responsibility to define agri-
cultural policies and implement selected programmes; (ii) a capacity to develop technolo-
gies for smallholders and other farm groups not favoured by the private sector efforts; and 
(iii) a service function for those segments of the agricultural society which cannot respond 
through market mechanisms (peasants, smallholders, remote or small regional situations). 
These changes in the function of the public sector will demand a broader participatory 
model that brings together a wide array of institutional actors (Ruiz, 1995a). The region is 
already developing strategic alliances and consortia seeking to increase multinational effi-
ciency in research and development, particularly when an ecozone involves more than one 
country. This new spirit of cooperation can be observed in organizations such as FAO, 
CIAT. CIPand I1CA, as well as national institutions, which are joining expertise, strategies 
and resources in tackling problems of common interest. Among the intended efforts of these 
organizations figures the linkage between networks having similar objectives. 

RISPAL 

The Inter-Amcrican Institute for Cooperation on Agriculture (IICA) is the agricultural 
agcncy of the Inter-American System. IICA has positioned itself in support of the search for 
sustainability in the agricultural sector of Latin Amcrica and (he Caribbean emphasizing a 
participatory form of regional technical coopération. This collaboration has taken the forms 
of lateral, multi-organizational and multinational undertakings, with well-defined rules and 
procedures for accountability and administrative transparency. To mention some of these 
schemes, IICA, in alliance with national agricultural institutes, has established subregional 
and ecoregional cooperative programmes in a number of key areas. Also, topic-specific 
networks have been established through the support of the international cooperation institu-
tions; such is the case of the Latin American Network for Animal Production Systems Re-
search (RISPAL), which was created in 1986 with the support of the International Develop-
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merit Research Centre (IDRC) and has contributed to the development of research method-
ologies for the improvement of animal agricultural systems with the participation of the 
smallholders (Ruiz, 1995b). 

RISPAL is a mechanism for regional cooperation in research and transfer of technol-
ogy as they pertain to animal production systems, as such or in conjunction with other 
agricultural systems. Specifically, RISPAL has the following objectives: (i) to implement 
cooperative farming systems research activities; (ii) to stimulate the development of a re-
search methodology that uses a systems approach; (iii) to validate and recommend technol-
ogy; and (iv) to strengthen local programmes, projects, and institutions through technical 
support and training. 

In the early 1970s, cropping specialists began a new approach in research whereby, in 
close cooperation with the small farmer, real problems and constraints were identified (and 
thus subject to experimentation), as well as interactions among the farming system's com-
ponents and between these and the environment. This approach was embraced by animal 
scientists toward the end of that decade but it was soon realized that the methodology could 
not be followed in its entirety (Borel et al., 1985). The major difficulties arose because: (i) 
for on-farm experimentation, animal experimental units are very few; (ii) animals within a 
production system are highly variable due to differences in physiological function, breed 
and/or undefined crossbreeding, sex, production function, and management; and (iii) ani-
mal response to treatment is multiparametric (weight changes, milk production and repro-
duction, for example). 

In view of the methodological limitations and the scarcity of technical people involved 
in the pioneering systems-oriented projects, these agreed to pool knowledge and efforts by 
working as a group. From 1981 to 1985, six meetings were held to discuss methodological 
advances and to interact on topics of common interest. In 1986, the group was consolidated 
as a formal network. From 1987 to 1995, RISPAL continued not only holding general meet-
ings but also conducting workshops, consultancies to the member projects, providing train-
ing to young researchers, publishing bulletins, books, manuals and CD-ROMs, establishing 
a supporting information system and promoting information exchange. 

Methodology development. 

This area has constituted the main technical thrust. Practically all of RISPAL's publica-
tions contain methodological procedures and analytical tools for animal systems research-
ers. Figure 1 illustrates some of the methodologies developed or tailored to practical situa-
tions and incorporated into the project's technical arsenal. The open-ended bars in Fig. 1 
indicate that once a methodological tool is taken up by the network's projects, it is tested, 
improved and used with increasing intensity. 
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Training and consultancies. 

As animal production systems research is not part of the training programmes given by 
the region's universities, RISPAL's role in this area has been very much appreciated. This 
has been accomplished through short training courses, workshops, consultancies, and ex-
change of scientists. Training (over 300 person-days) has been accomplished in various 
areas such as farm diagnosis, design and evaluation of technological alternatives, animal 
nutrition, pastures, economics, animai reproduction, project planning and evaluation, and 
systems research methodology, while consultancy activities have been varied and numer-
ous (over 600 person-days) in the same areas. 

Information dissemination. 

The network's coordination has encouragcd its members to release their information 
on appropriate technologies for small landholders in a systematic fashion, and has been 
very active in the preparation, editing and publication of methodological guides. Some of 
the products obtained include: 

• Publication of nine proceedings of general meetings 

• Publication of five books on research methodology in Spanish 

• Translation into English of 17 technical documents on technology and methodology 
developed in the network and their publication in the form of four books: 

R um i nan! Nur rit ion Research: A Methodological Guideline 
Social Sciences and Agricultural Research: A Systems Approach 

' 2 7 2 

Figure 1 Methodological progress in RISPAL



Animal Production Systems Research: Methodological and Analytical Guidelines 
Social Analysis in Farming Systems Research 

• Publication of 13 bibliographies on animal production systems, 34 newsletters (the 
quarterly bulletin Carta de RISPAL) and a glossary of terms on animal production sys-
tems 

« Participation in the production of two CD-ROMs containing RISPAL's database of 
16,730 registries, 80% of which include summaries. 

FUTURE CHANGES 

Animal production in Latin America and the Caribbean must face new challenges con-
cerning the fragility of natural resources and the deterioration of environmental quality. The 
agricultural sector is directly affected by these challenges and, therefore, agricultural re-
search, development, and education will have to undergo profound changes, making these 
activities more ecologically oriented. 

With respect to the systems approach, if it has already been confusing to some, in the 
future it will become even more complex, as ecological variables will be added to the present 
social, economic, physical and biological variables. Several events must occur if livestock 
research with a systems approach is to contribute effectively to the development of a new 
technological order. 

Institutional policy aspects. 

There is no doubt that Latin America and the Caribbean countries will continue to 
promote food production with urgency (Ruiz, 1995a). To this policy must be added mecha-
nisms that will put a stop to the destruction of the natural resources, but which, at the same 
time, will not limit the people's right to achieve a minimum level of well-being. The imple-
mentation of this double-edged policy (productivity plus environmental protection) will 
require a long-term commitment to maintain and strengthen national agricultural research 
systems and to develop working linkages with the private sector in the areas of research and 
development. 

International cooperation agencies and donors could change their strategies so as to 
facilitate and strengthen the consolidation process that the national institutions may un-
dergo. For example, instead of providing direct support to specific projects, they should do 
so by way of the institution the project is attached to, while ensuring the institution's com-
mitment to support the project. 

Research and development. 

The systems approach is uniquely suited to help in the conceptualization and solution-
seeking required now that ecological concerns need to be added to everyone's agenda. As 
new technological policies which satisfy environmental and production demands are drafted. 
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the systems approach may become the instrument through which the new policies can be 
put into effect. However, certain changes may need to be inserted in the present systems-
oriented research and development. These are as follows: 

• The need to create a database on land-use capacity (or production potential), deter-
mined not just on the basis of ecologically justified arguments but also on evidence or 
opportunities for rational use of the land for production purposes as well as the corre-
sponding technological requirement. 

• Information on land-use capacity (both from the social and biological aspects) should 
be of primary importance if good development programmes are to be designed. This 
information should be based on macroeconomic studies, market trends, competitive-
ness and sustainability. 

• Instead of taking the farming system as the focal point of research (as it is at the present 
time), the researcher would do well to focus directly on an agro-ecological zone or 
ecosystem. This change in focus would not ignore the farm, since it is the next level in 
the hierarchical order of systems (Hart, 1979). 

• Much has been written and said about agricultural sustainability, but little has been 
done to translate this concept into concrete research and development actions. For this 
reason, one of the first commitments in the future should be to define which indicators 
would aid in determining what is sustainable and what is not. 

• In view of the international economic contraction, funding of research and develop-
ment projects has become more and more difficult. This is in conflict with the manifest 
interest of donor agencies in environmental and sustainability issues. In any case, hori-
zontal cooperation and electronic communication through networking is justified more 
than ever. Networking has been proven effective in complementing technical needs 
and in promoting exchange of information, but most of all, in facilitating the effective 
participation of rural men and women in the overall process of generating and transfer-
ring technology suitable to their social, economic and ecological environments. 

ILRI 

Following expert reviews of the status and opportunities for livestock research in de-
veloping countries, the Consultative Group for International Agricultural Research (CGIAR) 
created in 1994 a new international livestock research entity to address global problems of 
livestock research and agricultural development. The new organization is the International 
Livestock Research Institute (ILRI), based in Addis Ababa (Ethiopia) and Nairobi (Kenya). 
ILRI incorporates certain priority programmes that were carried out by the former ILRAD 
(International Laboratory for Research on Animal Diseases) and ILCA (International Live-
stock Centre for Africa); however, ILRI's mandate expands its role to all developing re-
gions, that is, in addition to Africa activities will also be carried out in Asia and the Latin 
American and Caribbean region. 
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Strategie principles. 

The ILRI strategy document identifies two levels of concern: a global strategy and the 
particular role ILRI will play in livestock research. The global strategy evaluates the re-
search requirements for improved sustainable livestock production across-regions and the 
particular emphasis for research required at the ecoregional level. To determine these re-
quirements, the CGIAR assessed the total population, the value of agricultural output (for 
both livestock and crops) and the total agricultural land in use classified into grazing and 
cultivated. Given that the CGIAR has identified six priority ecoregions, and has designated 
convening centres for these, Table 1 reviews the relationship between these ecoregions, 
centres and livestock populations; some 80% of developing country cattle sheep and goats 
are present in the six ecoregions. 

Table 1 CGIAR priority ecoregions and estimated livestock populations 

Ecoregion Centre* Cattle Sheep and goats 
Millions LDC (%) Millions LDC(%) 

Warm arid and semi- SSA-ICRISAT 47 5.4 88 8.0 
arid subtropics with ASIA-ICRISAT 179 20.4 221 20.2 
summer rain 

Warm SSA-IITA 39 4.4 68 6.2 
subhumid/humid ASIA-IRRI 186 21.2 265 24.1 
tropics and LAC-CIAT 203 23.1 43 3.9 
subtropics with 
summer rain 

Cool subtropics with WANA- 21 3.6 178 16.2 
winter rain ICARDA 

Source: Gardiner and Devendra (1995) 

'SS A: Sub-Saharan Africa; LAC: Latin American and Caribbean; WANA: West Asia/Near 
East and North Africa; ICRISAT: International Crops Research Institute for the Semi-Arid 
Tropics; ΠΤΑ: International Institute of Tropical Agriculture; IRRI: International Rice Re-
search Institute; CIAT: Centra Internacional de Agricultura Tropical; ICARDA: Interna-
tional Centre for Agricultural Research in the Dry Areas. 

The relative requirements for production research, or the need for improved natural 
resource management in specific ecoregions, have been identified (Table 2). From this table, 
it is also clear in what subject matters and regions ILRI will concentrate its efforts. 

In addition, the CGIAR also considered the importance of each animal species (with 
the exception of pigs and poultry) in the context of 10 different livestock systems (except-
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ing landless systems). For the Latin American and Caribbean region, the relative impor-
tance of ruminants is given in Table 3 for each of the 10 land-use livestock systems. 

Comparisons of figures among all regions, indicates that ILRI will underline its work 
in mixed crop-livestock systems, particularly in the semi-arid and the humid/subhumid 
ecoregions. 

Table 2 The relative importance of research programme areas by region* 

Programme area SSA Asia WANA L A C 

Animal health XXX XX X X 

Animal genetics XX XX X 

Animal nutrition X X X X 
Feed resources XXX XXX XX XX 
Production systems XXX XXX XX X X 
Natural resources management XXX XXX XXX X X X 

Policy analysis XX X X X X 

Source: Reprinted from the Strategic Plan for ILRI (Gardiner and Devendra, 1995). 
"SSA: Sub-Saharan Africa; LAC: Latin American and Caribbean; WANA: West Asia/Near East and 
North Africa 

Table 3 Distribution of ruminants {% of LDC total) in the Latin American and Caribbean 
region (LAC) and in the less developed countries (LDCs) by production systems 

System Cattle Sheep & goats 
LAC LDC LAC LDC 

total total 

Livestock grassland tropical highland 2.6 3.6 1.8 2.4 

Livestock grassland humid/subhumid tropics 3.1 4.9 2.8 5.3 
Livestock grassland arid/semi-arid irapics/subtropics 0.1 3.2 0.1 6.9 

Mixed farming rainfed temperate/tropical highlands 1.9 5.7 0.5 5.2 
Mixed fanning rainfed humid/subhumid tropics 21.5 35.2 3.2 20,3 
Mixed farming rainfed arid/semi-arid tropics/subtropics 2.6 20.3 0.9 30.1 
Mixed farming irrigated humid/subhumid tropics 1.6 13.5 0.7 14.0 

Mixed farming irrigated arid/semi-arid tropics/subtropics 1.9 13.6 0.7 15.8 
Total 35.3 100,0 Î0.7 100.0 

Source: Partial data obtained from Gardiner and Devendra ( 1995) 
LDC total for cattle is 879 million, and for sheep and goats is 1.097 million 

1 The term ecoregional refers to regions of the world linked by common agro-ecological 
conditions so as to approach their agriculture research problems in a coherent manner. 
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Research opportunities 

The principal research opportunities for the new centre in addressing animal agriculture in 
developing regions are fourfold and associated with the improvement of: 

animal performance by overcoming identified constraints to animal productivity through 
technological research and the conservation of the existing animal genetic diversity in 
developing regions 

productivity of the major livestock and crop-livestock production systems typical of 
developing regions and to maintain their long-term productivity 

the technical and economic performance of the livestock sector in these regions to 
ensure the appropriate translation of production system improvement into increased 
food security and economic welfare 

the development, transfer and utilization of technology by national programmes and 
client farmers in the agricultural systems of these regions. 

The above goals will serve as the framework of the development of ILRI 's new 
programme. They are applicable to the improvement of animal and agricultural productiv-
ity globally. However, the combination of biotechnological, adaptive, integrative and mana-
gerial solutions appropriate to the different problems, production systems and regions will 
differ. The commitment to globalizing and integrating key aspects of research on livestock, 
largely through ecoregional initiatives and linkages to existing programmes, is central to 
the strategy. Selection of problems and regions therefore becomes paramount in the effi-
cient and effective use of CGIAR resources (Gardiner and Devendra. 1995). 

The global research agenda 

To plan and implement ecoregional activities ILRI will establish working relationships 
with national programmes and promote technology transfer between international and na-
tional partners. In addition to this ecoregional approach, ILRI will seek extensive collabo-
rative partnerships that will help in the identification and development of system-wide ini-
tiatives for livestock research. This strategy is certainly ambitious and a novelty within the 
CGIAR system but will maximize the effectiveness of CGIAR financial resources by inter-
acting with the much greater financial resources being invested in agricultural research 
worldwide. 

As ILRI became operational in 1995, a Global Consultation was held in Nairobi (Kenya) 
in January 1995, with the objective of: (i) identifying priority requirements for improved 
and sustainable livestock production systems in developing regions; and (ii) identifying 
cross-regional priorities, major constraints, and the researchable areas and issues in live-
stock production as they pertain to small-scale farmers. For the case of the Latin American 
and Caribbean region, it was pointed out that the following issues were of capital impor-
tance: increasing poverty (mostly in the rural area); increased demand for food due to an 
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expanding urban population; improvement of productivity without causing harm to the en-
vironment; incorporation of policy concerns in research and development schemes; social 
equity; and whole-commodity production-to-consumption food chain analysis. Constraints 
and opportunities were identified for each of the following ecological zones: 

• Subhumid and humid tropics: hillsides, lowlands (Llanos, Cerrados, Central American 
and Caribbean), forest margins 

Andean zones above 2,000 m above sea level and reaching 23° latitude. 

The following researchable areas were suggested: 

• Systems and impact analysis of livestock production systems 

• Agricultural policy studies 

• Livestock and natural resource management 

• Improved feed utilization 

• Livestock commodity systems research 

• Forage development 

• Characterization of indigenous breeds 

• Strategies for in situ conservation of breeds 

Social framework analysis 

• Institutional capacity building strategies 

• Research on technology transfer systems for livestock production 

• Genetic selection of small ruminant breeds resistant to endoparasites 

Regional consultation 

An agreement has been reached between ILRI, IDRC and DCA, where RISPAL is 
coordinated, to hold a Regional Consultation Meeting at IICA's headquarters during the 
week of 16-20 October 1995, under the auspices of ILRI and IDRC with IICA acting as the 
host organization. The meeting will have as an overall objective to develop an agenda for 
priority livestock research in the Latin America and the Caribbean region; also, the roles of 
national, international and regional institutions in this agenda will be identified. 

Prior to the meeting, RISPAL and IDRC will conduct a wide-scope, open-ended sur-
vey of stakeholders from both the private and public sectors in order to gain an insight of 
how problems and opportunities are perceived by national institutions and individuals. 
The results of this survey will be analyzed and presented during the Consultation 
Meeting. 

' 2 7 8 



FINAL COMMENTS 

As described in this paper, the world may be witnessing a new awakening of interest in 
the role livestock plays in the economies and the lives of the people in the developing 
regions. This renewed interest, however, lies within a more complex framework where 
social, economic, environmental and policy factors intertwine together and produce a myriad 
of situations and problems. The solution of these problems and constraints demands an 
effort calling for more dynamic international cooperation, active participation of national 
and international agencies and donors, participation of private and public entities, interdis-
ciplinary work and a more holistic, systematic approach in training, research and develop-
ment initiatives. The livestock sector, long-blamed for many maladies affecting the envi-
ronment, human health and the economy, is now being revisited; it is an opportunity to help 
develop a more efficient, environmentally friendly and equitable agriculture. 
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RESPIRATION OF THE POMERAC UNDER REFRIGERATION 
AND ITS INFLUENCE ON SHELF-LIFE 

A.L Basanta and C.K. Sankat 

Agricultural Engineering Programme, The University of the West Indies 
St. Augustine. Trinidad and Tobago 

ABSTRACT 

A post-harvest trial was conducted to determine the respiratory behaviour and its influ-
ence on shelf-life of pomerac (Eugenia malaccensis) held at four different storage tempera-
tures: 28 (ambient), 5, 10 and 15 °C. The aim of the experiment was to determine whether 
the pomerac exhibited climacteric or non-climacteric respiratory patterns so that appropri-
ate storage conditions for extending its shelf-life could be determined. On a daily basis, 
carbon dioxide and ethylene evolutions were measured for fruits held at each temperature. 
Preliminary results showed that the levels of carbon dioxide produced at 28 °C declined 
from 33 mL/kg per h to 23 mL/kg per h after 8 days in storage. There was no detection of 
ethylene for pomerac in storage, thus indicating a non-climacteric respiratory pattern. Re-
sults also indicated that as the storage temperature decreased, the levels of carbon dioxide 
produced also decreased both with storage time and temperature. At 5QC, the rate of respi-
ration was lowered to the extent that the shelf-life of the pomerac was extended to 20 days. 

INTRODUCTION 

An understanding of the storage/cooling requirements of horticultural commodities 
begins with an adequate knowledge of their biological responses (Mitchell, 1992). All fresh 
horticultural crops are living organisms, carrying on the many biological processes that are 
essential to the maintenance of life. The energy that is needed for these life processes comes 
from the food reserves that accumulate while the commodities were still attached to the 
plant (Kays, 1991). 

The process by which these food reserves are converted into energy is called respira-
tion. In a complex series of steps, the stored food reserves (in the case of pomerac, sugars) 
are converted first to organic acids, then to the more simple carbon compounds. Oxygen 
from the surrounding air is utilized in the process, and carbon dioxide, water and energy is 
released (Mitchell, 1992). 

Many plant products undergo substantial changes in their respiratory pattern after har-
vest. These changes often reflect significant alterations in metabolism and concurrent physical 
and chemical alterations within the tissue. Fruits are typically classed into one oTtwo groups 
based on their trends in respiratory behaviour during the final stages of development of the 
organ. 

' 2 8 0 



Fruits classified as having a respiratory climacteric exhibit a marked upsurge in respi-
ratory activity at the end of the maturation phase. The respiratory climacteric represents the 
transition between maturation and senescence. Non-climacteric fruits do not exhibit an up-
surge in respiration but rather a progressive, slow decline during senescence until microbial 
or fungal invasion sets in (Kays, 1991). 

The respiratory rate of a stored product can be used as an indicator for manipulating the 
storage conditions to maximize the longevity of the commodity. Product temperature is a 
major determinant of the rate of respiratory activity. Since the final results of this respira-
tory activity is product deterioration and senescence, it is normally desirable to achieve as 
low a respiratory rate as possible without danger of tissue injury or death. One method of 
reducing the respiratory rate is by temperature management (Mitchell, 1992). Good cooling 
and temperature management practices are therefore critical to lowering the rate of physi-
ological deterioration and thus extending the shelf-life of the fruit. 

The objective of this study was to evaluate the respiratory behaviour of the pomerac 
under refrigerated conditions (5, 10 and 15 CC) and under ambient conditions (28 °C), and 
using this information to determine the appropriate storage conditions for extending its 
shelf-life. 

MATERIALS AND METHODS 

Firm, red, ripe pomerac were harvested from the fields of the El Carmen research sta-
tion in St. Helena, Trinidad. The indices used to determine harvest quality included firm, 
red, ripe fruits which were free of blemishes, pests and diseases. The fruits selected were 
those of similar size and colour and which showed minimal signs of external blemishes or 
excessive bruising. In the first trial, fruits were washed with tap water and air-dried. The 
fruits were randomly selected, wrapped with household tissue paper and packed into cush-
ioned, ventilated, cardboard boxes. The fruits were stored at four different temperatures; 5, 
10, 15 and 28 °C (ambient). The relative humidity of the storage rooms was maintained at 
approximately 95%. 

Twenty fruits averaging 2.5 kg in total weight from each temperature were used to 
determine carbon dioxide levels on a daily basis. The fruits were placed into 4.2-L glass jars 
specially modified for the respiration studies. The covers of the jars were fitted with inlet 
and outlet valves to allow for gas analysis. The fruits were left to respire in the air-tight jars 
for I h at each temperature, following which the CO, content of cach jar was measured by a 
CO, infrared gas analyzer, model no. SB-305 . This was achieved by passing the air in the 
jar through the analyzer. Fresh fruit weight of the 20 fruits was measured, along with the 
volume of the free air space of the jar. This was measured by filling the jar containing the 
fruit with water and determining the volume of added water. The levels of CO, (mL/kg per 
h) were calculated using the following equation given (Kays, 1991): 
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A% * IC» Cfree space volume of container in litres'! = mL/kg per h 
(product wt in kg) (time container is closed in hours) 

&% = level of CO, measured on analyzer, 
prod, wt = total weight of fruits in jar. 

In a separate trial, 20 fruits averaging 2.5 kg in total weight were used to determine 
ethylene (C2H4 ) production levels on a daily basis and at each temperature stated above. 
The fruits were also placed into 4.2-L sealed glass jars specially modified for ethylene 
studies. The covers were fitted with rubber septums to allow for gas analysis. After 24 h, 
triplicate samples ( 1 mL each) of the atmosphere surrounding the fruit were withdrawn 
with a gas-tight syringe for ethylene analysis using a gas Chromatograph (Pye-Unicam 4550). 
The gas Chromatograph (GC) was equipped with a hydrogen (H) flame ionization detector 
with a H flow rate of 25 mL/min. The carrier gas was nitrogen at a flow rate of 45 mL/min. 
The oven temperature on the GC was set at 60 °C and a Poropak Ν column was used. A 1 -
mL sample of 0.004 μιη of ethylene was used as the standard. Sampling was done until the 
fruits began to deteriorate. 

In both experiments, measurements were made in replicates and the entire experiment 
was repeated. All results were statistically analyzed by ANOVA. 

RESULTS AND DISCUSSION 

Carbon dioxide (C02) levels. 

The pomerac fruits exhibited respiratory patterns typical of non-climacteric fruits. Car-
bon dioxide production declined continuously with storage time (P < 0.001) and tempera-
ture (P < 0.001) and eventually remained steady during the last 3-4 days of the storage 
period. Figure 1 shows the comparative respiratory behaviour of the pomerac with storage 
time and temperature. 

Figure 2 shows the levels of CO, produced by pomerac stored at 28 °C (ambient) and 
measured in separate trials. On the day of harvest, the levels of C0 2 produced averaged 
between 32.6 and 33.0 mL/kg per h. Over the next 3 days, there was a slow decline but by 
the 4th day, the levels of C 0 2 produced declined rapidly to an average of 22,0-23.0 mL/kg 
per h. The level of COs produced over the last 3 days of storage (days 6-9) remained 
constant at 23.0 mL/kg per h. 

This pattern of behaviour for CO, production was similar for pomeracs stored at 15,10 
and 5 °C. At all three temperatures, the level of C0 2 produced declined with storage time 
(Figure 3). At 15 and 10 °C, the levels of CO, produced declined from 28.5 and 20.0 mL/kg 
per h to 20.0 and 12.0 mL/kg per h after 15 and 17 days of storage respectively. ' 

The lowest level of CO ; production and hence the lowest rate of respiration for the 
pomerac was observed for those fruits stored at 5 °C (Figure 3). The levels of CO, fell from 
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] 6.0 to 10.0 mL/kg per h after 20 days in storage. Thus as storage temperature is decreased, 
the level of C 0 2 produced by pomerac also decreased. 

Ethylene ( C , ^ ) production. 

After 24 h of fruit respiration, no C,H4 was detected for pomerac stored at all four 
temperatures. Research done by Akamine and Goo ( 1979) on 'Mountain Apple' or pomerac 
reported similar findings of no C,H4 production. Fruits of varying stages of development 
from mature green to ripe analyzed immediately after picking also indicated the non-
climacteric nature of the fruit with no detection of C2H4 (Akamine and Goo, 1979). 

When the same experimental procedure was carried out using 'Julie' mangoes instead 
of pomerac and after only Ih of respiration, small levels of C2HA were detected using the 
GC. The difference between the mango and the pomerac being that the Julie mango is a 
climacteric fruit (Burg and Burg, 1962; Wang, 1982; Field, 1990). Ethylene is produced 
by both climacteric and non-climacteric fruits, however in non-climacteric fruits it is 
found throughout fruit development only and it does not initiate the ripening process 
(Kays, 1991). 

The lack of ethylene detection may be attributed to (he fact that the pomerac may have 
produced C2HJ at such tow concentrations that the GC was unable to detect it. Lack of C,Hd 

detection was also found for non-climacteric fruits such as Java plum and Surinam cherry 
(Akamine and Goo, 1979). However, when emanations of these fruits were bubbled into 
Hg(CIO,), solution (0.25 m red mercuric oxide in 2.0 m perchloric acid) for 18-24 h and the 
gas liberated with 4.0 Ν LiCl (Young et al., 1952), small concentrations of CZH4 were de-
tected by the GC (Akamine and Goo, 1979). 

Storage time (days) 

Figure 1 Carbon dioxide levels of refrigerated stored pomerac 
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Figure 2 Carbon dioxide levels of pomerac stored at 28°C in two trials 
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Figure 3 Carbon dioxide levels of pomerac stored at 15, 10 and 5°C 
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Figure 4 Total soluble solids, titratable acidity, f i rmness and anthocyanin content of 
refrigerated, stored pomerac 

Therefore the lack of C2H4 detection may have been due to the concentrations of C2H4 

produced by pomerac being either too low to be detected or because the pomerac did not 
produce any C2H4. Based on the C 0 2 results and the lack of C2H4 detection in pomerac, this 
fruit can be classified as showing a non-climacteric respiratory behaviour. 

Effect of temperature on respiratory rate and shelf-life. 

When the storage temperature is lowered, the metabolic processes of fruits and veg-
etables are likewise lowered, respiration being one of those processes (Campbell et al., 
1989). Hence, good temperature management is critical for lowering respiration activity 
and therefore the rate of physiological deterioration and thus extending the shelf-life of 
pomerac. 

Earlier research conducted by Basanta and Sankat (1994), showed that under ambient 
conditions the shelf-life of pomerac was only 4 - 6 days. However, as the storage tempera-
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ture was lowered to 10 or 15 °C, the shelf-life was extended to 10-15 days. The longest 
shelf-life of 20 days was achieved for fruits stored at 5 °C. As shown in Figure 4, pomeracs 
stored at 5 °C showed the lowest decline in sugar content along with the smallest decline of 
% titratable acidity. Fruits were also firmer as measured by a penetrometer and showed less 
colour loss, as measured by the anthocyanin content, when stored at 5 °C. 

Therefore temperatures of 5 °C can be used to considerably lower the rate of respira-
tion, product deterioration and senescence in pomerac fruits while maintaining fruits that 
are acceptable in terms of colour, firmness and taste after 20 days in storage. 

CONCLUSION 

The levels of C0 2 produced by the pomerac in storage declined with time. No levels of 
C,H4 were detected for pomerac stored at all four temperatures, thus indicating a non-cli-
macteric respiratory pattern. As the temperature was lowered, the rate of respiration was 
also lowered. Hence by storing the pomerac at 5 °C, one is able to achieve the lowest 
respiration rate possible without danger of tissue injury while attaining a shelf-life of 20 
days. 
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TEMPERATURE CONDITIONING IN ALLEVIATING 
CHILLING INJURY OF THE 'JULIE' MANGO 

A. Mohammed and C.K. Sankat, 

Agricultural Engineering Programme, Faculty of Engineering 
The University of the Vifer Indies, St Augustine, Trinidad 

ABSTRACT 

A 35-day storage and ripening trial was conducted on mature green 'Julie' mangoes. 
Fruits were conditioned by a stepwise reduction in temperature of 3 or 5 °C per day and 
eventually held at 5 °C. Their storage and ripening behaviour were compared to fruits held 
at a fixed temperature ο f 5 °C from the day of harvest. Temperature conditioning or a stepwise 
réduction in temperature significantly reduced the level of chilling when compared to fruits 
stored at the fixed 5 °C. Additionally, it was also found that cooling rates significantly 
affected the onset of the time of chilling injury. During the trial a number of chemical and 
sensory parameters of the fruits were analyzed: total soluble solids (TSS), titratable acidity 
(TA), suganacid ratio (TSS/TA), fruit colour, chilling index, decay and shrivelling. 

INTRODUCTION 

Vascular plants and their harvested organs that have evolved in tropical and subtropical 
climates suffer a marked physiological dysfunction when subjected to low but non-freezing 
temperatures between 0 and 15 °C (Saltveilt and Morris, Î990). Refrigeration, is the most 
important method used to extend the shelf-life of most economically important horticul-
tural commodities (Kader, 1989; Brown, 1986). Low storage temperature is able to achievc 
this goal since it substantially reduces the rate of most metabolic processes that cause senes-
cence, as well as it prevents the proliferation οΓ pathogens (Brown, 1986; Lyons and 
Breidenbach, 1986). Ideally, storage is most efficient when the produce is held as close as 
possible to its freezing point (Saltveilt and Morris, 1990). Chilling injury therefore imposes 
a severe limitation on the use of low temperature storage. 

Chilling injury is believed to be triggered by a primary transducer(s) which in turn 
causes a plethora of secondary damage and terminates in symptom development (Chaplin, 
1989; Wang, 1994). Symptom development is important since it represents irreversible chill-
ing damage (Lyons, 1973; Wang, 1982) and is often used as an index to assess injury (Pauli, 
1990), It is these symptoms which translate into post-harvest losses (Wang, 1982). 

Mango is highly susceptible to chilling damage (Chaplin, 1989). Visible manifesta-
tions of injury include: uneven ripening, pathological damage, scald-like skin discolouration, 
pitting, reduced flavour development and reduced aroma (Medlicott et a!., 1990; Bouiett 
and Castaigne. 1982). 

28 8 



Three broad categories of temperature management techniques have been used to cir-
cumvent ihe onset of chilling injury (Haiton, 1990). These include: storage outside that of 
the chilling threshold (the most common approach), intermittent warming and cooling and 
temperature conditioning. 

Temperature conditioning refers to the storage of commodities above the chilling thresh-
old temperature before eventually storing at some low chilling temperature (Wade, 1979; 
Wang, 1994). It can be achieved as a single step operation or as a series of small, gradual 
reductions in temperature (Wang, 1994). Multi-step temperature conditioning has proven to 
be more effective than single step conditioning (Wang, 1994), A number of horticultural 
crops have shown to benefit from temperature conditioning including: grapefruit (Hatton 
and Cubbedge, 1983), lime (Spalding and Reeder, 1983), lemon (Mc Donald, 1986), 
banana (Pantastico et al„ 1967), water melon (Picha, 1986), cucumber (Hirose, 1985), egg-
plant (Abe and Chachin, 1985), tomato (Saltveilt and Cabrera, 1987), zucchini (Kramer and 
Wang, 1988) and papaya (Chan, 1988). 

The objectives of this study were: 
To determine if temperature conditioning prevents chilling injury in mature green 
Julie mangoes. 
To evaluate the ripening behaviour of conditioned fruits compared to fruits held 
at a fixed temperature of 5 °C (a known chilling temperature). 

MATERIALS AND METHODS 

Mature green Julie mangoes were harvested from a commercial orchard in Trinidad. 
Fruits which had their shoulders raised above the level of stem insertion, showed reduced or 
no flow of latex and snapped easily were assessed as being mature green (Wardlaw, 1936; 
Tirmazi and Wills, 1979; Mohammed, 1993; Bissoon, 1990). 

On arrival at the laboratory, fruits were hand-washed in running water and sorted. Fruits 
that showed signs of pathological infestations or mechanical bruising were rejected. 
Selected fruits were placed in a cold be nom y 1 dip (0.1 g/L) for 10 min. Fruits were sub-
sequently removed and air-dried. After drying they were wrapped in household tissue, 
randomized and placed in single layers in ventilated fibreboard boxes and covered. 

One of three different storage treatments were used to store fruits: 
Fruits held at a fixed temperature at 5 °C (90-95% rh.). 
Fruits initially held at 20 °C for 1 day and whose temperature was gradually 
reduced by 3 °C every 24 h before being held at 5 °C (TCI). 
Fruits held at 20 °C for 1 day and whose temperature was reduced by 5 °C every 
24 h before being held at 5 DC (TC2). 
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A diagramatic representation of the stepwise temperature reduction regimes (TCI and TC2) 
is given below: 

Storage time (days) 

Four fruits were analyzed for titratable acidity, total soluble solids, sugar:acid ratio, 
chilling index and pulp and peel colour on the day of harvest. At 7-day intervals, four fruits 
were removed from storage and analyzed and an additional four fruits placed to ripen under 
ambient conditions (28 °C) and subsequently analyzed. 

Total soluble solids (TSS) in °Brix was ascertained using a hand refrac tome ter. 

A 1:1 dilution of fruit pulp to water was again used. 

A 10-g sample of fruit pulp was macerated in 150 mL of water and titrated to a pH end-
point of 8.1. Titratable acidity (TA) was expressed as % citric acid (Hutme, 1971 ). 

A hedonic scale adopted from Tirmazi and Wills ( 1981 ) was used to subjectively deter-
mine peel colour: 1 - green; 2 - green with traces of orange; 3 - more green than orange; 4 
- more orange than green; 5 - full orange. 

Using another hedonic scale adopted from Tirmazi and Wills (1979) and Chaplin et al. 
(1988) pulp colour was determined as follows: 1 - cream; 2 - light yellow: 3 - yellow; 4 -
orange yellow; 5 - orange. 

Fruits were examined for visible symptoms of chilling injury and rated using the fol-
lowing index of chilling injury (Chaplin, 1987): 1 - no visible symptom of injury; 2 - 5 % of 
total fruit surface damage; 3 - up to 25% pitting and/or scalding; 4 - 25-50% chilling 
damage; 5 - >50% of fruit surface showing damage. 

Fruit decay was assessed visually using the following rating scheme (Spalding and 
Reeder, 1978): 1 - nil; 2 - trace, 1-10% ; 3 - slight, 10-25%; 4 - moderate, 25-50%; 5 -
severe, >50% damage. 

Shrivelling was determined subjectively (Nuevo et al., 1989): 1 - nil; 2 - slight; 3 -
moderate; 4 - severe. 
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RESULTS A N D DISCUSSION 

Sugar, acidity and sugarac id ratio 

Storage time and temperature significantly affected both sugar accumulation and acid-
ity reduction (P < 0.01). During ripening of mango fruits there is an increase in TSS 
concommit tant with a reduction in fruit acidity (Medlicott et al., 1990; Elahi , 1982; 
Krishnamurthy and Subramanyam, 1973). 

Fruits that were held at a fixed temperature of 5 °C showed very little change in sugar 
accumulation (Figure I) when ripened under ambient temperatures. Additionally there was 
an accumulation of acid in stored fruits which was not fully utilized during ripening (Figure 
2). Matoo and Modi (1971) have shown that fruits held at chilling temperatures lose the 
ability to efficiently convert starch to sucrose due lo damage of the amylase synthesis path-
ways. Lyons (1973) has argued that chilling injury damages Kreb's cycle enzymatic path-
ways. Thus acids which are formed during normal aerobic respiration and which are in-
tended for synthesis of other compounds are utilized only partially, resulting in acid accu-
mulation during storage. 
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Figure I Sugar content of mango fruits under various storage conditions 
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Temperature conditioning did not interfere with starch hydrolysis for as long as 21 
days depending on cooling rates. Furl her it could also be seen that temperature-conditioned 
fruits showed a marked reduction in % citric acid after ripening for between 14 and 21 days. 

The sugaracid ratio is a major component in determining the organoleptic quality of 
mango fruits (Chaplin, 1987). The present study has shown that at 5 °C very low ratios were 
obtained (Figure 3), indicative of chilling injury (Sankat et al.. 1993). Fruits conditioned 
and subsequently ripened did not show high ratios (greater than 37) for varying time peri-
ods depending on storage. Such ratios are comparable to those obtained for fruits which are 
normally ripened at 28 °C (Sankat et al., 1993; Sankat and Mohammed, (994). 

S t o r a g e • T . C . I 
m T . C . 2 m 5°C 50 Ί 

.2 40 -
2 

3 30 i 
Η 
« Cil 20 -

10 -

R i p e 

I 

I 
1 

T . C . I 
T . C . 2 • S°C 

1 LID 
0 7 14 2 1 2 8 3 5 

Storage time (days) 

7 14 21 28 35 

Storage lime (days) 

Figure 3 Suganacid ratio of mango fruits under various storage conditions 

Peel and pulp colour 

Prior to storage the colour of the mature green fruit pee! was green (Colour Index = 1 ), 
and this did not change for all fruits while kept in storage (Figure 4). Both temperature 
regime and the duration of storage had a significant effect on peel colour when fruits were 
transferred to ambient conditions to ripen (P < 0.05). Fruits that took a longer lime to be 
conditioned (TCI) showed good peel colour up to 21 days in storage (an index of 4 and 
above) while those which were conditioned by 5 °C/day (TC2) showed a retardation in peel 
peel colour after 14 days of storage followed by ripening. Fruits held at 5 °C and then 
ripened showed peel colour indices of 2-3. 

With respect to pulp colour, fruits which were held at a fixed temperature of 5 °C never 
developed an orange-yellow to orange colour when removed from storage and placed at 
ripening temperatures (Figure 5). Slower temperature conditioning (TCI) resulted in good 
pulp colour development for up to 21 days in storage while those conditioned more quickly 
(TC2) did not show good pulp colour beyond 14 days of storage followed by ripening 
(Figure 5). 
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Figure 5 Pulp colour index of mango fruits under various storage conditions 
1 - cream; 2 - light yellow; 3 - yellow; 4 -orange yellow; 5 - orange 

Colour development from green to yellow in the case of the mango fruit peel and f rom 
light yellow to yellow-orange in the case of the fruit pulp are indicative of fruit ripening 
(Tompson, 1971 ). Fruits which were not subjected to any temperature conditioning showed 
a retardation of colour development on ripening. This phenomenon is well reported as one 
of the early symptoms of irreversible chilling damage in mango fruits (Chaplin et al., 1987). 
It occurs as a result of a destruction of the enzymatic pathways responsible for carotene 
synthesis (Sadasivam et al., 1971). By extension it could be argued that temperature 
conditioning did not affect ca rc inogenes i s from as early as it happened for fixed storage 
at 5 °C. Slower conditioning seems to have also resulted in fruits which could be kept 
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mature green for up to 21 days, while faster conditioning (5 °C/day) extends shelf-life up to 
14 days. 

Skin pitting 

Temperature and storage significantly affected the onset of visible symptoms of chill-
ing injury in mature green Julie mango fruits ( P < 0.05). Visible manifestations of chilling 
were observed as skin pitting in fruits held fixed at 5 °C from as early as 7 days in storage. 
An exacerbation of this problem was seen at this temperature with increased storage time. 
On ripening this problem worsened and >50% surface damage was observed from 14 days 
after storage and ripening. In conditioned fruits, pitting took a longer time before becoming 
manifest with fruits whose conditioning was slower (TCI) not showing any visible symp-
toms of damage until 28 days in storage and fruits which were conditioned faster (TC2) 
showing damage from 21 days following storage.(Figure 6). The extent of shrivelling as a 
result of the treatments is illustrated in Figure 7. 

Pitting and scalding are brought about as a result of a collapse in epidermal and subepi-
dermal skin tissue brought about by temperatures below the chilling threshold. Temperature 
conditioning seems to be able to prevent pitting and scalding damage to the fruit peel for 
varying time periods depending on the rate at which cooling occurs. Conditioning of 'Marsh' 
grapefruit (Purvis, 1983) and cucumber fruits (Saltveilt and Cabrera, 1990) have also re-
sulted in marked reduction in pitting. 

Fruit decay 

No visible symptoms of fruit decay occurred in storage until Day 35. By this time two 
fruits which were conditioned by 3 °C intervals showed some slight manifestation of injury. 
On ripening however, both storage temperature and duration of storage significantly af-
fected the level of pathological infestation.(Figure 8) 

Fruits held fixed at 5 °C became infected from as early as 7 days after being placed 
under ambient conditions to facilitate ripening, A number of studies have shown the prolif-
eration of pathogens on fruits which have succumbed to chilling damage. Pathological dam-
age in this case seems to be related to pitting injury, which creates portals of entry for 
microbial spoilage (Autio and Bramlage, 1986). Another striking feature of pathological 
damage in chill-injured mangoes is the type of organism that causes infestation. Mould 
growth becomes quite pronounced as opposed to anthracnose and soft rot damage that maybe 
observed in normally ripened fruits. Castaigneet al. (1981) have also shown a similar result 
in 'Alphonso' mango. 

No visible symptoms of damage were observed in ripened fruits previously condi-
tioned for up to 14 and 21 days. This reduction in decay may be due to the effect of benomyl 
in reducing latent infection of anthracnose or the effect of conditioning in preventing pitting 
damage. During ripening of the fruits, anthracnose and stem end rot were observed before 
any mould growth became prominent. 
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1 - no visible symptom of injury: 2 - 5% of total fruit surface damage; 3 - up to 
25% pitting and/or scalding; 4 - 25 -50% chilling damage; 5 - >50% of fruit 
surface showing damage 

• T.C. 1 
fît T . C . 2 • S°C 

Storage 

0 7 14 21 2 θ 3 5 

Storage time (days) 

χ <u 13 

•e •C ΙΛ 

4 η 

3 -

2 -

0 J 

• T.C. 1 
Vk T . C . 2 • 5CC 

7 14 21 28 35 
Storage time (days) 

Figure 7 Shrivelling index for mango fruits under various storage conditions 
1 - nil; 2 - slight; 3 - moderate; 4 - severe 

'308 



S t o r a g e 

χ Hi 

I 

o-i 

• T.C. 1 
Ξ T . C 2 
m 5°C 

7 14 21 28 35 
Storage time (days) 

4 " 

Rip« 

• T.C.I 
• T.C.2 • 5 ' C 

1 3-

I 
α 

ι -

0 
7 14 21 2 8 35 

Storage time (days) 

Figure 8 Decay index for mango fruits under various storage conditions 
1 - nil; 2 - trace, 1-10% ; 3 - slight, 10-25%; 4 - moderate, 2 5 - 5 0 % ; 5 - severe, 
>50% damage 

C O N C L U S I O N S 

Fruits held at a fixed temperature of 5 °C showed symptoms of chilling injury from as 
early as 7 days in storage. 

Temperature conditioning did alleviate chilling injury in mature green Julie mangoes 

Cooling rates affected the lime period during which injury was alleviated. 

Fruits conditioned by 3 °C/day ripened evenly up to 21 days following storage while 
those conditioned by a temperature reduction of 5 °C/day showed visible symptoms of 
chilling beyond 14 days in storage 

Decay affected the keeping quality of fruits when removed from storage and placed 
under ambient conditions to facilitate ripening. 
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ABSTRACT 

Sweet peppers were stored at 4.5 and 13 "C in sealed low-density polyethylene bags 
(LDPE) and paper bags for 25 and 40 days respectively using air f low chambers (AFC) and 
storage rooms without air flow chambers (NAFC). Fruits stored in LDPE bags in the AFC 
system at 13 "C had superior quality ratings, less decay, less chilling injury, higher bioelectrical 
resistance and lower electrolyte leakage measurements after 40 days of storage compared 
to fruits kept in the NAFC system. These quality ratings which contributed to a longer 
shelf-life for fruits in the AFC system were due to the control of relative humidity ( 9 0 -
95%) and reduction of cross-contamination of gases between packages and storage atmo-
spheres which resulted in lower in-package C 0 2 and C2H4 levels. 

INTRODUCTION 

The importance of having the same environmental conditions for all treatments in stor-
age experiments is necessary in order to monitor the post-harvest behaviour of horticultural 
commodities. In modified atmosphere packaging studies for example, the possibility of 
gaseous cross contamination among packages and between the storage air and the packages 
can occur. In such circumstances the concentrations of carbon dioxide and ethylene within 
the packages may very well reflect the general levels in the storage rooms rather than the 
effect of the packages. It is also essential to ensure that control samples in paper bags are 
left at a relative humidity similar to that within the sealed packages Failure to provide 
adequate measures to eliminate these errors can easily lead to misinterpretation of data in 
experimental investigations. 

The objective of this study was to examine the physiological changes in sweet peppers 
stored in different types of packaging materials when an air flow system was used to control 
C2H4, CO, and relative humidity levels. 
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MATERIALS AND METHODS 

Mature-green sweet peppers (Capsicum annuum, (L.)), cv. Stardon's Select, were ob-
tained from a greenhouse and transported in plastic crates to the storage laboratory on the 
day of harvest. 

Samples of fruits of uniform size and appearance were submerged in water plus a fun-
gicide for 20 min to simulate commercial pre-storage hydrocooling techniques and to con-
trol fungal pathogens. Initial temperature of the water was 2.8 oC and the temperature rose 
no more than 4 °C during the pre-cooling period. The fungicide used was Benlate (Dupont 
Canada Inc. guaranteed 50% benomyl WP) mixed to a final concentration of 500 ppm in 
water. Samples were blotted dry with tissue paper before subjecting them to the packaging 
treatments. 

Fruits were individually seal-packaged on the same day the fruits were harvested in 
low density polyethylene (LDPE = 0.025 mm thick) bags with an electric heat sealer with a 
(Promotional Packaging Co. Toronto). The fruits in the paper bags served as unsealed 
controls. Packages consisted of fruits sealed with packets of calcium hydroxide (50 g) to 
absorb carbon dioxide, or 50-g packets of Purafil (Marbon Division, Borg-Warner Corpora-
tion distributed by Circulaire Eastern Inc., Quebec, Canada) to absorb ethylene, or without 
inserts. No-insert treatments were used for the non-sealed control in paper bags. 

An equal portion of packaged fruits was stored at 4.5 oC and 13 oC in separate rooms. At 
each temperature air flow chambers (AFCs) were used for holding samples as shown in 
Figure 1. In another room at the same temperatures samples were kept together with other 
fruits, e.g. apples, where no air flow chambers (NAFCs) were used. 

Where the AFCs were used, air was supplied with a compressor with intake some 8 m 
above the roof of the laboratory and approximately 15 m above ground level. The com-
pressed air passed through an air line filter, a pressure reducing valve, a flowmeter, a 2,000-
mL Erlenmeyer flask containing water and then the chamber outlet. The pressure and flow 
were sufficiently high to have a measurable flow at the outlet and a slight positive pressure 
within the chamber. 

Each chamber was placed at a slight incline towards the front to allow the drainage of 
condensed moisture through a small hole (0.6 cm in diameter) bored through the underside 
of the chamber. This drainage hole was plugged during normal operation. For each chamber 
the water level in the Erlenmeyer flask was checked and refilled each day. 

Data were taken after 25 and 40 days on the following parameters: 

C0 2 , C2H4 and relative humidity within each storage room and within each cham-
ber 
In-package C 0 2 and C2H4 

Percentage fresh weight losses 
Chilling injury 
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Marketable quality 
Decay 
Bioelectrical resistance 
Electrolyte leakage. 

An Abbeon dial hygrometer (Model M2A4, Abbeon Inc., 179-15 Jamaica Avenue, 
America, NY 11342) was used to measure relative humidity. 

A hypodermic needle was inserted into a 15-cm length of copper tubing (3 mm in 
external diameter), fitted to a 45-mL syringe and used to extract 45-mL samples of the 
atmospheres inside each chamber through an aperture in the chamber which was normally 
kept closed. Similar samples were taken from each room in which each chamber was lo-
cated. Withdrawal of gas samples (3 mL)without causing leaks from within the packages 
was ensured using a method modified from that of Bussel and Kenigsberger (1975). A drop 
of RTV-102 silicone rubber cement was placed on a strip of masking tape 4 cm χ 2 cm 
applied to one surface of each package, allowed to cure for 24 h and used on a septum. 

The simultaneous determination of C02 and C2H4 was accomplished with a Beckman 
GC-5 gas Chromatograph equipped with a 3 mm χ 3 m stainless steel column packed with 
silica gel (60-80 mesh) and with thermal conductivity (C02) and dual-flame ionization 
(C2H4) detectors. Detector and column temperatures were 250 and 120 °C, respectively. 

Figure 1 Diagram of the humified air flow system 
1 = air inlet; 2 = air line filter; 3 = Nullmatic pressure regulator; 4 = pressure 
gauge; 5 = water plug; 6 = water inlet; 7 = Erlenmeyer flask; 9 = chamber; 
10 = air outlet; 11 = air-tight lid; 12 = cover clip; 13 = chamber support 
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Peak heights of C02 readings were measured, compared to a standard calibration gas con-
taining 1,657 ppm, adjusted to standard temperature and pressure, and reported as % in-
package or in-fruit C02. C2H4 measurements, estimated by an electronic integrator (Spec-
tra-Physics minigrator) with automatic printout, were compared to a standard calibration 
gas containing 6,00 ppm, corrected to standard temperature and pressure and recorded as 
in-package or in-fruit ppm C2H4, 

Weights of fruits were taken before and after storage periods to calculate percentage 
fresh weight losses. Chilling injury was rated on a hedonic scale of 0-4 with 0= more, 1 = 
slight, 2 = fair, 3 = moderate and 4 = severe. Marketable quality was rated from 0-4 with 0 
= excellent, 1 = good, 2 = fair, 3 = poor and 4 - unmarketable. Decay was rated from 0-5 
with 0 = no diseased fruit, 1 = slight deterioration which would not be noticed by the con-
sumer, 2 = moderate deterioration, 3 = extensive (limit to marketability), 4 = severely af-
fected fruits, and 5 = complete breakdown. 

Measurements of bioelectrical resistance and electrolyte were performed using the 
methods reported by Lougheed (1981) and Mohammed (1984). 

In each experiment each treatment consisted of three replicates with each replicate 
being an individual fruit. Data were analyzed as a completely randomized design, with a 
factorial arrangement of variables, and significance tested by the F-test (P=5%) and Duncan's 
multiple range test (P = 5%) where applicable. 

RESULTS AND DISCUSSION: 

Sweet peppers seal-packaged in LDPE bags and stored at 13 "C in chambers with the 
air flow system (AFC) had the best quality ratings after 40 days (Table 1). In this storage 
regime fruits had marketable quality and decay ratings of 0.9 and 0.5 respectively com-
pared to samples in the NAFC systems where the same measurements were recorded as 4.0 
and 3.1 respectively (Table I). At the lower temperature (4.5 "C) marketable quality and 
decay were 2.0 and 2.9 in the AFC system compared to 4.0 and 4.6 in the NAFC system 
(Table I ). These differences are related to the modified atmosphere within the sealed bags 
and the influence of storage temperature. 

The consistently lower levels of C03 and C2H4 recorded for AFC versus NAFS systems 
shown in Table 1 demonstrated the effectiveness of the former system compared to the 
latter system in securing a storage environment where cross contamination of gases be-
tween packaging treatments and the storage atmospheres were eliminated. As such a more 
accurate reflection of the modified atmosphere was developed within the packages (Table 
2). Accordingly, the data presented in Tables 3 and 4 showed significantly (P <0.01) lower 
levels of C02 and C H4 after 25 and 40 days respectively in the AFC versus the NAFC 
systems for both package treatments. The presence of higher C2H4 in the NAFC system 
obviously contributed to accelerated senescence of fruits which is in agreement with other 
studies reported by Chaplin et. al. (1983), Wang and Adams (1980) and Lougheed (1987). 
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The visible symptoms of chilling injury manifested by the presence of pitting, appear-
ance of dark-brown discolouration of seeds, stems and calyses as well as secondary infec-
tions due to multiple infections were noted after 25 days at 4.5°C with a greater intensity for 
fruits in the NAFC compared to the AFC systems (Table 5). Chaplin et. al. (1983) reported 
in their studies with avocadoes the enhancement of chilling injury as a result of an additive 
effect due to presence of C2H4, similar to that found in our findings described above. 

Table 1 Effect of packaging upon marketable quality and decay of sweet pepper using air 
flow chambers 

Storage period (40 days) 

Air flow chamber No air flow chamber 

LDPE* PB** LDPE* PB** 

At 4.5 °C 

Marketable quality* 
Decay1 

Atl3°C 

Marketable quality1 

Decay1 

2.0 a 
2.9 a 

0.9 a 
0,5 a 

3.1 b 
3.8 b 

2.8 b 
0.7 a 

4.0 b 
4.6 c 

4.0 c 
3.1 b 

4.0 b 
4.1 be 

3.6 c 
3.8 c 

* low-density polyethylene bags ** paper bags 
y Marketable quality: 0-4 with 0 = excellent; 4 = unmarketable 
' Decay: 0-5 with 0 = no diseased fruit; 5 = complete breakdown 

a, b, c: numbers followed by the same letter are not sgnificantly different (P=5%); Duncan's 
multiple range test 

Table 2 Composition of carbon dioxide, ethylene and relative humidity in air flow cham-
bers and storage rooms 

Parameter Air flow chamber No air flow chamber 

C02 (%) 

C;H/ppm) 

Relative humidity (%) 

0.04 a 

0.02 a 

All packages 
90-95 

1.49 b 

3.70 b 

Polyethylene bags = 80-90 
Paper bags = 60-70 

a, b, c: numbers followed by the same letter are not sgnificantly different (P= 5%); Duncan's 
multiple range test 
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Table 3 Effect of packaging upon in-package carbon dioxide concentrations of sweet 
pepper using air flow chambers 

In-package C02(%) 

Air flow chamber No air flow chamber 

Temp.(°C) Package 25 days 40 days 25 days 40 days 

4.5 LDPE* 0.12 a 0.22 a 1.38 be 1.37 be 
4.5 0.07 a 0.04 a 1.01 b 1.46 c 

13.0 LDPE* 0.07 a 0.13a 1.43 c 1.40 c 
13.0 PB** 0.05 a 0.05 a 1.11 b 1.33 b 

Numbers followed by the same letter are not significantly different Ρ = 5%); Duncan's 
multiple range test 

* low-density polyethylene bags ** paper bags 

Table 4 Effect of packaging upon in-package ethylene concentrations of sweet peppers 
using air flow chambers 

Temp, (<€) Package 

In-package C2H4 (ppm) 

Temp, (<€) Package 

Air flow chamber No air flow chamber 

Temp, (<€) Package 25 days 40 days 25 days 40 days 

4.5 LDPE* 0.03 a 0.07 a 2.76 c 3.42 d 
4.5 pg** 0.03 a 0.04 a 1.07 b 3.77 e 

13.0 LDPE* 0.06 a 0.05 a 2.57 c 3.36 d 
13.0 PB** 0.04 a 0.08 a 1.76 b 3.41 d 

Numbers followed by the same letter are not significantly different (P = 5%); Duncan's 
multiple range test 

* low-density polyethylene bags ** paper bags 

The importance of subjecting treatments with fresh humidified air to attain a 90-95% rh 
across all packages in the AFC system compared to the NAFC system where a 20% rh 
difference existed between samples held in sealed polyethylene bags and paper bags is 
confirmed in Table 5 where fresh weight losses are reported. With a 90-95% rh in the AFC 
system at both temperatures only nominal differences in percentage fresh weight losses 
were obtained between package treatments (Table 5). The opposite effect is noted in the 
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NAFC system with a 11-13-fold increase in fresh weight losses between package treat-
ments (Table 5). In addition, it was only in the NAFC system that significant (P < 0.01) 
differences were found between packaging treatments at 4.5 °C as a result of chilling injury, 
the relationship between fresh weight losses and the visible expression of chilling injury 
symptoms being confirmed (Lurie et. al, 1986). 

Table5 Effect of packaging upon percentage fresh weight losses, chilling injury, 
bioeleetrical resistance and electrolyte leakage of sweet peppers using air flow 
chambers 

Storage period (25 days) 

4.5 °C 13.0 °C 

Parameter Package AFC' NAFC" AFC1 NAFC" 

Fresh weight LDPE* 1.51 a 1.70 a 1.73 a 2.01 a 
Losses (%]) PB** 2.19 a 20.19 b 3.71 a 26.19 b 

Chilling injury LDPE* 0.8 a 2.0 b 0.0 a 0.6 a 
Index+ PB** 1.0 a 3.1 c 0.2 a 0.2 a 

Bioelectrical LDPE* 66.7 d 51.9 c 74.6 c 66.0 ab 
resistance PB** 42.6 b 30.2 a 70.1 be 61.4 a 

Electrolyte LDPE* 29.7 a 36,6 b 24.6 a 38.6 b 
leakage (%) PB** 36,1 b 40.1 c 29.1 a 41.1 b 

Numbers followed by the same letter are not significantly different (P = 5%)\ Duncan's 
multiple range test 

* low-density polyethylene bags ** paper bags 
* air flow chamber if no air flow chamber 
'Chilling injury index: 0-4 with 0 = none, 4 = severe 

However, the inverse relationship between bioelectrical resistance and electrolyte leakage 
as an early indicator of membrane permeability and therefore chilling injury (Lougheed et. 
al. 1983; Mohammed and Wickham 1993) is supported in this study. The apparent absence 
of visible symptoms of chilling injury between packaging treatments in the AFC system at 
4.5 "C corresponded with significant (P < 0.05) decreases in bioelectrical resistance and 
increases (P < 0.01) in electrolyte leakage. Accordingly, chilling injury damage did in fact 
take place before visible expression of symptoms, signifying the sensitive nature of these 
physiological methods to determine the onset of chilling injury. 
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COMPARACION DE CUATRO MEDIOS EN LA 
MICROPROPAGACION DE DOS VARIEDADES DE ΡΙΝΑ 

{Ananas comosus (L.) Merr) 

H. Garita and L Gomez 

Centre de Investigaciones Agronômicas, Universidad de Costa Rica, 
Apto. 2060, San José, Costa Rica 

RESUMEN 

Se evaluô la micropropagaciôn de dos variedades promisorias de pina, Champaka Ε-
Ι 53 y SCI. Se determinô las mejores condiciones para su multiplicaciôn in vitro y su 
aclimatizaciôn en invernadero. Apiees (0.2-0.4 cm) y yemas laterales de coronas e hijos 
laterales (0.5-0.8cm) se cultivaron en cuatro medios liquidos de establecimiento y 
multiplicaciôn, descritos por Casale y Garcia (1987) (llamados M4 y MC-21, 
respectivamente), Zee y Munekata (Z&M) (1992), De Wald et al. (DW) (1988), y un medio 
Murashige y Skoog (MS) (1962) modificado, suplementado con 0.2 mg/L 6-BAP+0.1 mg/ 
L ANA y l.mg/L 6-BAP+1.0 mg/L AIB, respectivamente. Después de ocho semanas, las 
plântulas se subcultivaron en los medios de multiplicaciôn. Los cultivos se transfirieron a 
medio fresco cada seis semanas. Para el enraizamiento en el invernadero, las plântulas de 
Champaka se clasifïcaron en dos rangos de peso (0.2-0.8 g y 0.8-1.5 g) y la SCI en très 
rangos (0.2-0.6 g, 0.6-1.3 g y 1.3-1.7 g). Luego, se les hizo una inmersiôn en diferentes 
concentraciones de ANA (0-1000 mg/L). Posteriormente, se sembrô las plântulas en fibra 
de coco molida. También se evaluô como sustrato para ambas variedades turba:fibra de 
coco molida 1:1, turba y suelo:arena 1:1, sin usar ANA. El mejor medio para el 
establecimiento de las dos variedades fue el descrito por C&G, utilizando yemas de hijos 
para la variedad Champaka F-153 y âpices para la variedad SC 1. En la fase de multiplicaciôn, 
el mejor medio para ambas variedades fue el MS modificado suplementado con 1.0 mg/L 6-
BAP + 1.0 mg/L AIB. En la fase de invernadero plântulas de mas de 0.5 g presentaron el 
mejor porcentaje de sobrevi vencia. El mejor sustrato fue la fibra de coco molida, el ANA no 
fue necesario para promover el enraizamiento. 

ABSTRACT 

Comparison of four media for micropropagation of two pineapple (Ananas comosus 
(L.) Merr) varieties. 

Micropropagation of two prominent varieties of pineapple, Champaka and SCI (which 
has not been reported), was studied. The best conditions for their in vitro multiplication and 
establishment were determined. Apex and lateral buds from crowns and lateral shoots were 
cultured on four establishment and multiplication liquid media described by Casale and 
Garcia (C&G) (1987) called M4 and MC-21, respectively; Zee and Munekata (Z&M) (1992); 
DeWald et al. (DW) (1988); and two modified Murashige and Skoog (MS) (1962) media 
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containing 0.2 mg/L 6 - B A P + 0.1 mg/L N A A and 1.0 mg/L 6 -BAP + 1.0 mg/L IBA, 
respectively. A f t e r S weeks plantlets were subcultured into multiplication media. Cultures 
were transferred to fresh medium every 6 weeks. In order to obtain rooting, plantlets larger 
than 2.5cm were cultivated on a modified MS medium using 1.0 mg/L IBA and 0.5 g/L 
activated charcoal. For greenhouse rooting experiments, plants of Champaka were classi-
fied in two sizes (1-2.5 and 2 .5 -5 cm) and SCI in three sizes (1-2, 2Ά and 4 - 6 cm) and put 
in a coconut fibre substrate using different N A A concentrations (0 -1000 mg/L). The best 
medium for both varieties at the establishment stage was the one described by Z&M. In the 
multiplication phase the best medium for Champaka was the one described by D W and for 
SCI the one described by C&G obtaining an average of 4.5 and 6.1 shoots per expiant, 
respectively. The occurrence of off-type plants in vitro showing spines, variegation as well 
as glassiness, which appeared to be vitrification, was observed. This was reverted when 
plantlets were cultivated in a solid MS medium. Bigger plants had the highest survival 
percentage in the greenhouse. NAA was not ncccssary for the rooting phase. 

INTRODUCCION 

En Costa Rica, la pifia (Ananas comosus (L.) Merr) es uno de los cullivos que actual mente 
esta teniendo mas auge para la exportacion de su fruto. Normalmente la pifia se reproduce 
de manera vegetativa, con la utilizaciôn de brotes laterales, coronas e hijos basales; pero es 
una reproduccion muy lenta (DeWald et al., 1988). Este material es muy l imitado, 
constituyéndose en un problema ya que se necesitan aproximadamente 70-80 mil plantas/ 
ha para establecer una plantacion comercial (Garita y Anderson, 1988). 

Mediante la técnica de micropropagaciôn es posible: 1 ) la multiplicacidn acelerada de 
nue vos clones en poco tiempo (Casale y Garcia, 1987), 2) se puede producir unagran cantidad 
de plantas uniformes de una misma variedad. 3) obtener un producto con una excelente 
calidad fitosanitaria y 4) facilitar cl imercambio de germopiasma (Cote et al., 1991 ). 

En pïna han sido publicados diferentes procedi mien tos para su multiplicacion in vitro 
(Zepeda y Sagawa. 1981 ; DeWald et al., 1988; Zee y Munekata, 1992). Sin embargo, no 
s iempre los resultados obtenidos en otras latitudes y con otro material genético, son 
reproducibles. 

Eî ob j e t i vo de es te i r aba jo fue es tab lecer un p roced imien to adccuado para la 
micropropagaciôn de dos variedades de pina: Champaka F-153, uülizada extensamente 
para exportaciôn en Costa Rica, y SCÎ , el cual es un material vegetal promisorio. 

MATERIA LE S Y M E T O D O S 

Desinfeccidn de los explantes y establecimiento 

Champaka F-153: Los tallos se lavaron con agua por 5 min, seguida de una inmersiôn en 
alcohol de 70" por 1 minuto. Luego, se introdujeron en diferentes concentraciones de 
hipoclorito de sodio (NaOCl): 0.5, 1, 1,5, 2 y 3.5%, y en tiempos de 15 y 25 minutos. AI 
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NaOCl se le adicionaron très gotas/litro de Tween 20. Las yemas de hijos solamente se 
desinfectaron en 1 y 1. S % de NaOCl. Los âpices se sumergieron en concentraciones de 1, 
1.5 y 2% de NaOCl, con los tiempos y a mencionados. Todos los tratamientos se realizaron 
por inmersiôn y en agitaciôn constante. Finalmente, se realizô très lavados de los tallos con 
agua destilada estéril, dentro de una câmara de flujo laminar. Luego, se disectô y cultivé 20 
yemas de coronas (0.5-0.8 cm) y de hijos axilares (0.5-0.8 cm), e igual cantidad de âpices 
(0.2-0.4 cm), por cada tratamiento de desinfecciôn de los anteriormente descritos. Para 
cada uno de estos métodos de desinfecciôn se utilizô cuatro medios de cultivo liquidos: 
Casale y Garcia (C&G) (1987) (Hamado M4), Zee y Munekata (Z&M) (1992), DeWald et 
al. (DW) (1988), y un medio Murashige y Skoog (MS) (1962) modificado con 1/2 de 
macronutrientes, 4/5 micron utrientes y 18.35 mg/L de NajFeEDTA, suplementado con 
tiamiana-HCI 0.1 mg/L, âcido nicotinico 0.5 mg/L, piridoxina-HCl 0.5 mg/L, glicina 2 mg/ 
L, sacarosa 20 g/L, 0.2 mg/L 6-BAP y 0.1 mg/L ANA, el pH de los medios se ajustô en 5.7. 
Tubos deensayo de25X I50mmfueron utilizados, con 10 ml de medio de cultivo y puentes 
de papel filtro. Los tubos se autoclavaron por un perfodo de 20 min a una temperatura de 
121 *C y una presiôn de 2 kg/cmî; luego, se colocaron en una câmara de crecimiento con un 
fotoperiodo de 12 horas luz y con una temperatura de 24-26 °C. 

Oc ho semanas después se cuantificô: a) el numéro de explantes que produjeron plântulas, 
b) el peso fresco de cada ex pi ante, c) Porcentaje de sobre vi vencia y d) el porcentaje de 
explantes oxidados. Ademâs, cada semana se hizo una evaluaciôn para determinar el tiempo 
requerido por cada explante para formar su primera hoja. 

SCI: Para esta variedad se cultivé 12 âpices. Las secciones apicalesse lavaron con agua por 
cinco'minutos, seguido de una inmersiôn en alcohol de 70° por 15 segundos y, finalmente, 
una inmersiôn en NaOCl 4% por 15 minutos. Los pasos restantes fueron iguales a los 
utilizados para la variedad Champaka F-153. 

Los âpices (0.2-0.4 cm) fueron colocados solamente en el medio liquido descrito por 
C&G (M4), en tubos de ensayo de 25 χ 150 mm, con 10 ml de medio de cultivo y puentes 
de papel filtro. Después de 15 dfas, los explantes fueron subcultivados en el mîsmo medio 
pero con 8 g/L de agar. Se utilizô frascos de vidrio de 55 χ 70 mm con 20 ml de medio. En 
este medio se mantuvieron por 30 dfas. El au toc lav ado y las condiciones de crecimiento 
fueron iguales a las de Champaka F-153. 

Fase de multiplicaciôn 

Champaka F· 153: Plântulas obtenidas se subcultivaron en cuatro medios liquidos: C&G 
(MC-21), Z&M, DW y MS modificado (1/2 macronutrientes, 4/5 micronutrientes, 14.68 
mg/L de NajFeEDTA, tîamiana- HCl 0.1 mg/L, âcido nicotfnico 0.5 mg/L, piridoxina-HCl 
0.5 mg/L, sacarosa 30 g L, 1.0 mg/L 6-BAP y 1.0 mg/L AIB. Las plântulas obtenidas en 
cada medio de cultivo en la fase de establecimiento, se cultivaron en el medio de 
multiplicaciôn que continuaba ese protocolo. Las plântulas se subcultivaron sin hacerle 
algun tipo de corte. Las evaluaciones se realizaron cada sei s semanas, al momento de las 
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transference as., se realizô cuatro evaluaciones. Se evaiuô la tasa de reproducciôn (plantas 
finales/plantas iniciales), obteniendo el promedio y el error eständar. 

La cantidad de repeticiones variô dependiendo del material vegetal. En el primer y 
segundo ciclo de multiplicaciôn de plântulas provenientes de âpices, se cultivô entre 2-4 
plântulas/frasco y entre 7-14 frascos por medio de cultivo. En los dos ciclos restantes se 
cultivô dos plântulas/frasco y entre 9-10 frascos por medio de cultivo. 

Debido a la alta contamînacîôn presentada por las yemas de coronas e taijos, el numéro 
de repeticiones variô entre 1-14 con respecte al utilizado en el caso de las plântulas 
provenientes de âpices. En algunos casos solamente se evaiuô en dos ocasiooes, siempre se 
cultivô una plântula por frasco. 

Al haber formaciôn de estructuras parecidas a un callo/protocormo, se evaiuô en dos 
ocasiones su multiplicaciôn. Se colocô dos estructuras de entre 0.4-0.6 g en cada frasco y 
entre 4-12 repeticiones. Los callos se colocaron en los medios de cultivo en donde se 
observaron estas estructuras y en donde se disponia de material vegetal. Se obtuvo el promedio 
y el error estândar. Se utilizô frascos de 55 x95 mm con 20 ml de medio de cultivo. Se 
autoclavaron por 20 min a 121 °C y una presiôn de 2 kg/cm5. Una vez que los explantes se 
cultivaron se colocaron en un agitador (Lab-Line Orbit Shaker) a 100 rpm, con «η fotoperiodo 
de 16 h luz y una temperatura de 24-26 *C. 

SCI: Las plântulas se subcultivaron en el medio C&G (MC-21). Luego de quince dfas, se 
subcultivô los brotes en el medio MM-1, durante 30 dfas. Ambos medios de cultivo se 
solidificaron con agar. Luego, las plântulas se colocaron en los cuatro medios de 
multiplicaciôn que se utilizaron para Champaka F-153. Se utilizô seis frascos/medio y entre 
5-16 plântulas/frasco, para realizar la primera evaluaciôn. Posteriormente, se cultivô dos 
plântulas/frasco y entre 12-15 repeticiones en los cuatro medios de cultivo. Se realizô dos 
evaluaciones, en intervâlos de seis semanas. Se utilizô las mismas condiciones de cultivo y 
se evaluaron las mismas variables que para Champaka F-153. 

Fase de aclimatizaciôn y enraizamiento 

Las plântulas se introdujeron en una soluciôn fiingicida-bactericida (Kilol 5 mL/L) por 
lmîn. No se utilizô antïtranspirantes. 

Para la variedad Champaka F-153 se utilizô dos rangos de peso: 0.2-0.8 y 0.8-1.5 g; se 
sembraron entre 13-15 y 8-9 plantas por rango, respectivamente. En el caso de la SCI, 
hubo très rangos de peso: 0.2-0.6,0.6-1.3 y 1.3-1.7 g, y se cultivaron, en ese orden, entre 
8-9, 21-30 y 8-9 plantas, de acuerdo a la disponibilidad de material. Se comparé el efecto 
de seis concentraciones de ΑΝΑ (0,50,100,150,500,750 y 1000 mg/L); las très primeras 
dosis se aplicaron mediante inmersiôn de la base de las plantas de pifia, por una hora. Las 
restantes dosis se aplicaron por cinco segundos. Las plântulas se sembraron en un sustrato 
formado por fibra de COCG molida, en bandejas plâsticas con 72 espacios. Se suministrô 
riego a las plantas cuando el sustrato estaba poco hûmedo. 
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A las très, seis y nueve semanas se detenninô la cantidad de raices y la sobrevivencia 
de las plantas; en la ultima evaluaciôn se midié la longitud de las raices. Se obtuvo el 
promedio y el error estândar de cada tamano, sin tomar en cuenta ladosis de ANAaplicada, 
para determinar el tamafio de plântula con la mayor sobrevivencia. 

Posteriormente, se evaluô cuatro tipos de sustrato: 1) fibra de coco molida, 2) mezcla 
de suelo:arena 1:1, 3) turba y 4) turba: fi bra de coco molida en una proporciôn 1:1. Las 
plântulas de las dos variedades se colocaron en Kilol (5 mL/L) por 1 min. Luego, se cultivé 
18 plantas (0.6-1.5 g) de las dos variedades de pifia en los diferentes sustratos. Se procedié 
de igual forma que para el ensayo anterior. 

A las très y seis semanas después del transplante se evaluô: a) el numéro y longitud de 
raices, b) el porcentaje de sobrevivencia y C) el peso fresco y peso seco de la parte aérea 
como del sistema radical en la ùltima evaluaciôn. 

El peso seco se obtuvo al colocar las boisas de papel, con las muestras, dentro de una 
estufa a 58 "C por un perfodo de 96 horas. 

RESULTADOS Y DISCUSION 

Desinfecciôn y establecimiento de los explantes 

La menor contaminaciôn se presentô con el uso de âpices (15.74%), mucho menor a la 
presentada por ambos tipos de yemas para la variedad Champaka F-153, No se observé 
contaminaciôn en los âpices cultivados de SC 1. Al cultivar meristemas o âpices, la mayorfa 
de los microorganismos se eliminan si estân en los foliolos (Cassells, 1991). 

El porcentaje promedio de contaminaciôn variôenfunciônde laconcentraciéndeNaOCl 
y del tiempo de inmersiôn empleado en cada tratamiento. En general, la contaminaciôn se 
redujo al aumentar el tiempo de inmersiôn (Cuadro 1 ). Sin embargo, aunque concentraciones 
de NaOCl mayores a 2% redujeron la contaminaciôn (datos no presentados), también se 
produjo una inhibiciön total del crecimiento de las yemas. Sîmilares resultados obtuvieron 
Aghion y Beausche (1960) al desin fee tar yemas de pifia. La contaminaciôn en los tratamientos 
con 0.5% NaOCl fue total. 

La sobrevivencia de los explantes mostrô una lendencia similar al porcentaje de 
contaminaciôn en relaciôn al tipo de explante, si endo los âpices los que tuvieron el mayor 
porcentaje de sobrevivencia (80.69%) (Cuadro 1). 

Las yemas de coronas presentaron el désarroi lo mâs acelerado. El medio C&G estimulô 
la iniciacién del crecimiento y desarrollo de las yemas, especialmente las provenientes de 
hijos, romp i endo su latencia. Esta respuesta se pudo haber favorecido debido a la presencia 
de sulfato de adenina (SA) en el medio de cultivo (Casale y Garcia, 1987). Ademâs, el 
resultado se pudo favorecer por la presencia de auxina y citoquinina en una relaciôn 2:1, lo 
cual le ha dado un mejor resultado a S. Martin (1994, comm. pers ). Sin embargo, el porcentaje 
de explantes que se desarrollaron en plântulas fue muy al utilizar âpices (Cuadro 1). 
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Los âpices de Champaka F-153 tuvieron un désarroilo similar en los cuatro medios. El 
medio MS modificado estimulô que una mayor cantidad de estes expiantes se desarrollaran 
en plântulas. Estos, al ser puntos de crecimiento primario y al estar en constante crecimiento 
necesitan un estimulo bajo por parte de reguladores de crecimiento exûgenos para iniciar su 
crecimiento (Hartmann y Rester, 1983), lo cual se dio con el uso de este medio de cultivo. 
La concentraciôn de citoquinina fue mayor que la de aux in a, contrario a lo mencionado por 
George y Sherrington (1984), quienes indican que para el cultivo de âpices se debe utilizar 
una cantidad de auxinas mayor que la de citoquininas. 

En relaciôn a los dfas necesarios para la emisiôn de la primera hoja, las yemas de 
coronas presentaron un desarrollo m äs acelerado con una diferencia de diez dias menos con 
respecto a los âpices y siete dfas en relaciôn a las yemas de hijos laterales (Cuadro I). 

C uadro 1 Efecto de diferentes tratamientos de desinfecciôn en la oxidaciôn, contam i naciôn, 
sobrevivencia, dfas necesarios para la emisiôn de la primera hoja y explantes 
que se desarrollaron en plântulas para très diferentes explantes de pifia, variedad 
Champaka F-153, ocho semanas después de cultivados in vitro 

Explante Tratamiento Oxidaciôn 
(%) 

Contam i η ad on 
(%) 

Sohrevivencia Dias I hoja 
(%) (Ν') 

Explante A 
plantula 

Apices 1.0%-15' 2.70 16.22 81.08 31.50 78.38 
1.0%-25' 2.90 5.79 92.75 33.25 59.42 
1.5%-15' 2.53 31.64 65.82 29.75 45.56 
1.5%-25' 5.41 9.46 82.43 35.00 68.91 
2.0%-15' 1.32 14.47 81.58 28.00 63.15 
2.0%-25' 2.60 16.88 80.52 31,50 61.03 
Promedio 2.91 15.74 80.69 31.50 62.74 

Yemas de 1.0%-15' 2.50 71.79 26.64 24.50 21.79 
hijos 1.0%-25' 7.69 60.26 34.62 31.50 19.23 

Promedio 5.12 66.02 30.63 28.00 20.51 

Yemas de l.0%-15' 6.25 67.50 27.50 21.00 17.50 
coronas 1.0%-25' 17,50 56.25 25.00 22.75 21.25 

Promedio 11.87 61.87 26.25 21.87 19.37 

n= entre 65-80 datos 

El procedimiento utilizado para la variedad SC 1 en la fase de establecimiento no se 
repitio para la variedad Champaka F-153 debido a que tiene un costo elevado, ya que se 
debe utilizar dos medios de cultivo para promover el crecimiento de los explantes. 
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El método de desinfecciôn utilizado para SCI fue eficaz al no presentarse problemas 
con hongos y bacterias. 

En general, la oxidaciön presentada por los très tipos de explantes de Champaka F-153 
fue baja. Los âpices de SCI no presentaron oxidaciôn. 

Efecto del medio de cultivo sobre el establecimiento inïcial de !os explantes. 

Se observô una interacciôn entre el tipo de explante y el medio de cultivo. El porcentaje 
de expiantes que se desarrollaron en plântulas se vio influenciado por el medio de cultivo 
MS modificado, para âpices, y el medio C&G, para ambos tipos de yemas (Figura la). 

El desarroilo in vitro de los explantes también fue afectado por el medio de cultivo 
(Figura 1b) y a que las plântulas provenientes de âpices presentaron un mayor desarroilo en 
el MS modificado. El medio C&G permitiô obtener plântulas de mayor peso fresco, tan to 
de yemas de corona como de yemas de hijos laterales. 

Los âpices de la variedad SCI no mostraron contaminaciôn alguna con el método de 
desinfecciôn utilizado, La coloraciôn de todos los âpices se torné verde entre siete y 15 dias 
después de su cultivo en el medio. La totalidad de los explantes cultivados se desarrollaron 
en plântulas. No se presentô oxidaciôn. 

Fase de multiplicaciôn 

El mayor numéro de brotes, después de los cuatro subcultivos se obtuvo a partir de 
yemas de hijos laterales (45.83), aunque en los ires tipos de explante se presentô una alta y 
ascendente tasa de reproduccién cnelmedioMS modificado (Cuadro 2). Es to pudo h aber 
sido influenciado por la combinacién del AIB con el 6-BAP (t : 1 ). También, se puede deducir 
que una menor concentraciôn de las sales MS favorece el desarroilo y crecimiento de tas 
plântulas de pina. Zepeda y Sagawa (1981) utilizaron, con buenos resultados, la mitad de 
las sales del MS para la micropropagacion de la pina. Sin embargo, el medio Z&M (con un 
1/4 de las sales de MS) no estimulô una mayor tasa de brotaciôn. Adicionalmente, este 
medio de cultivo solo présenta en su constitueién el 6-BAP como regulador de crecimiento, 
pudiendo ser necesaria la presenciade una auxina para ejercer un mayor estimulo de brotaciôn 
(Preece, 1995). También el medio C&G estimulô una alta tasa de multiplicaciôn, lo cual 
pudo h aber sido favorecido por la presencia del SA y NaP, y a que el primero favorece la 
formacién de brotes laterales y el segundo su desarroilo (Mathews y Rangan, 1979). Ademâs, 
la interacciôn adenina-auxina-citoquinina favorece la produccién de brotes (Casale y Garcia, 
1987). 

La tasa de reproducciôn de las yemas de hijos fue mayor en todos los medios de cultivo, 
lo cual se pudo deber a que las coronas de la pifia son estructuras mâs viejas que los hijos, 
dândose una mayor dominancia apical sobre las yemas axilares. 

La disminuciôn de la tasa de reproduccién en el segundo subcultivo de la variedad SC 1 
pudo deberse a que las plântulas usadas en este subcultivo fueron mâs grandes que cuando 
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se subculti varon por primera vez, dânsose posiblemente una mayor dominancia apical y por 
consiguiente un menor desarrollo de brotes laterales. La tasa de reproducciôn se mostrô 
mis estable en el medio MS modificado en ambos subcultivos (Figura 2). 

MEDIO DE CULTIVO 

Ρ Β β Ο F R E S C O P n O M B D t O / P L A N T U L A <o> 

M E D I O D E C U L T I V O 
K S A P I C E f / / V E M A C O R O N A ΓΓΗ Y E M A H I J O 

Figura 1 Efecto del medio de cultivo en la fase de establecimiento, ocho semanas después 
de cultivar los explantes. A) Porcentaje do explante a plântula, B) peso firesco 
promedio de cada plântula (g). Variedad Champaka F-153 

' 3 1 4 



ζ & ι ν ι DW MS Modificado C&Q 
MEDIO DE CULTIVO 

Subcultivo 1 SubcuItlvo 2 

Figura 2 Efecto de diferentes medios de cultivo sobre la multiplicaciôn de plantulas de 
pina de la variedad SCI 

S O B R E V I V E N C I A ( % ) 

T A M A M O 
Υ / λ Champaka F-153 E S ] SC1 

Figura 3 Efecto del tamano de la plantula sobre so sobrevivencia en el invernadero, sin 
tomar en cuenta la concen tracion de ANA aplicada 

* Intervalos de confianza 
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Cuadro 2 Numero de brotes obtenidos, en cada subcultivo, por cada pläntula de pina, 
variedad Champaka F-153, en diferentes medios de multiplicaciôn 

Explante Medio de Subcultivo (semanas) 
cultivo 6 12 18 24 Total 

Apice C&G 0.5810.21* 1.7810.23 3.88+1.10 2.35+0.63 8.58 
DW 0.0810.28 1.0310.18 1.8510.32 2.4510.38 5.41 
Z&M 1.15+0.26 1.0810.23 1.0010.29 1.3510.28 4.59 
MS** 0.0610.04 0.6610.20 3.7610.89 3.2510.34 7.73 
Total 4.24 11.68 10.49 9.40 26.31 

Yema C&G 1.6710.69 3.2310.73 *** 4.90 
corona DW 0.0010.00 0.7510.23 — — 0.75 

Z&M 4.5711.44 1.1210.32 1.50+0.80 5.7511.21 12.98 
MS 2.7510.89 4.9311.08 5.3910.65 5.2510.79 18.32 
Total 8.99 10.03 6.89 11.00 36.95 

Yema hijo C&G 2.0010.00 6.6710.72 3.2010.25 2.5712.44 14.44 
lateral DW — — — — — 

Z&M 9.3312.68 2.2110.48 3.1210.74 1.0810.31 15.75 
MS 1.2210.49 4.5911.35 3.7810.57 6.05+0.77 15.64 
Total 12.55 13.47 10.10 9.70 45.83 

* Error Estândar; ** MS Modificado; *** Perdidos por contaminaciôn 

Los callos/protocormos tuvieron una multiplicaciôn mâs alta que los explantes utilizados 
(Cuadro 3). Como se sabe en este tipo de tejidos hay una mayor formaciôn de naturaleza 
adventicia, con lo cual se favorece una mayor brotaciôn (George y Sherrington, 1984). 

Fase de aclimatizaciôn 

La sobrevivencia de las plântulas en el invernadero dependiô del tamano inicial de las 
mismas. Plântulas de mayor peso de ambas variedades mostraron una mayor sobrevivencia. 
Sin embargo, para la variedad SCI el porcentaje de sobrevivencia de plântulas de peso 
medio y alto no fueron diferentes claramente (Figura 3), con lo cual se reduce los costos de 
operaciôn en el laboratorio, al no tener que almacenar la plântula por un periodo extra. 

La aplicaciôn de ANA afectô negativamente la sobrevivencia de las plântulas de la 
variedad SCI ya que conforme se aumentô la concentraciôn del regulador de crecimiento 
disminuyô la cantidad de plântulas vivas. 
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Cuadro 3 Tasa de reproduccién de callos/protocormos, de la variedad Champaka F-153, 
cultivados en diferentes medios de cultivo 

Origen del Medio de Subcultivo (semanas) 
callo y/o protocormo cultivo 6 12 

Apices Z&M 
MS modificado 

2.90±0.80* 
6.26±0.92 

1.1210.58 
2.8310.51 

Yema hijo Z&M 
MS modificado 

3.1610.75 
6.1410.64 

1.4210.70 
5.4010.78 

Yema corona Z&M 
MS modificado 

1.4610.48 
9.0511.04 

6.1211.91 
8.5011.68 

* Error Estândar 

Este fenômeno no ocurriô con la variedad Champaka F-153, en la cual la sobrevivencia de 
las plantas no mostrô una tendencia definida, aunque se observô que unicamente el 
tratamiento de 100 mg/L de ANA fue superior al testigo en el porcentaje de plantas vivas, 
40% en relaciôn a 37%. En las otras dosis de ANA la sobrevivencia fue menor. Se ha 
encontrado que concentraciones muy altas de regulador de crecimiento causan una quema 
de los tejidos y de esta manera facilitan la entrada de fitopatôgenos en las plântulas, 
ocasionando su muerte (Hartmann y Rester, 1983). Ademâs, la utilizaciôn de ANA no 
favoreciô el porcentaje de enraizamiento de las plântulas de ambas variedades, en relaciôn 
al testigo; en algunos casos se notô un efecto inhibitorio. 

Al comparar la respuesta de enraizamiento, de plântulas de ambas variedades, en los 
cuatro diferentes sustratos, se estableciô que la fibra de coco molida y la turba:fibra de coco 
molida 1:1 generaron respuestas similares. El primer sustrato présenta algunas caracteristicas 
favorables, como son (Meerow, 1994): alta retenciôn de humedad, excelente drenaje, 
ausencia de malezas y patôgenos, se moja mâs facilmente que la turba, lenta descomposiciôn, 
es un recurso renovable. Ademâs, en la fibra de coco molida las raices penetran mejor el 
sustrato y la plântula se extrae mâs fâcilmente de la bandeja junto con el sustrato. 
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Cuadro 4 Efecto del sustrato sobre diferentes factores en plântulas de dos variedades de 
pifia, Champaka F-153 y SCI, a las seis semanas de haberse cultivado en 
invernadero 

Variedad Sustrato Sobrevivencia Longitud Numero PFA PSA PFR PSR 
W raiz(x) raices(x) 

Champaka 
Arena :sue!o 1:1 0.00 0.00 0.00 0.000 0.00 0.000 0.000 
Turba:FCM 1:1 27.78 1.30 1.60 0.870 0.08 0.024 0.004 
Fibra coco tnolida 50.00 2.06 2.89 0.797 0.06 0.034 0.006 
Turba 38.89 0.714 1.00 0.564 0.07 0.010 0.003 

SCI Arena:sueIo 1:1 50.00 0.56 1.33 0.620 0.07 0.029 0.008 
Turba:FCM. 1:1 55.56 1.85 2.90 0.906 0.07 0.040 0.007 
Fibra coco molida 94.44 4.15 3.90 1.220 0.08 0.090 0.009 
Turba 44.44 1.44 2.25 0.634 0.06 0.015 0.003 

FFA. = Peso fresco aéreo; PSA = Peso seco aéreo; PFR = Peso fresco radical; PSR = Peso 
seco radical; FCM = Peso fibra de coco molida) 
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LE MACHINISME AGRICOLE ET LES PLANTES 
A TUBERCULES 

Marceau Farant 

INRA Domaine Expérimental de Godet, 9713! Petit Canal, Guadeloupe 

RESUME 

Si l'on considère le machinisme comme étant l'emploi généralisé des machines 
substituées en totalité ou en partie à la main-d'oeuvre, on peut se poser la question suivante: 
Le machinisme a t il transformé l'agriculture d'aujourd'hui? Si la réponse est "oui" pour 
certaines cultures dites industrialisées comme la canne à sucre, s'agissant des plantes 
àtubercules la réponse est nettement plus nuancée selon le lieu géographique où l'on se 
trouve (Afrique, Asie, Amérique du Sud, Caraïbes, Antilles). H conviendrait de parler de 
tradition et modernité en ce qui concerne l'apport du machinisme dans la pratique et la 
conduite des plantes à tubercules dans notre région une stratégie de développement du 
machinisme agricole devrait être une préoccupation essentielle aujourd'hui, compte tenu 
du coût de la main-d'œuvre, de la nécessité de produire plus et mieux, de l'intérêt à réduire 
le coût de production et de l'obligatian de dégager un revenu pour le producteur. 

ABSTRACT 

If we consider mechanization as utilization of machines to substitute totally or partially 
for the use of manpower, we can ask the following question: has mechanization transformed 
the agriculture of today? The answer is "yes" for certain industrialized crops like sugar 
cane.Butfor root cropstheanswer depen d s on geographic area, Africa,Asia,SouthAmerica, 
the Caribbean, etc. It is necessary to speak of tradition and modernity concerning the contri-
bution of mechanization in the growing of root crops in our region. A strategy to develop 
mechanization in agriculture should be one essential ρ re-occupation today, if we consider 
the cost of manpower, the necessity to produce more and better, to lower the cost of produc-
tion and the obligation to obtain a net income for farmers. 

INTRODUCTION 

Si l'on considère le machinisme comme étant l'emploi généralisé de machines 
substituées en totalité ou en partie a la main d'oeuvre, on peut se poser la question suivante: 
"Le machinisme a t il transformé l'agriculture d'aujourd'hui? " 

En ce qui nous concerne en Guadeloupe, ta réponse est "OUI" pour certaines cultures 
dites industrialisées. Je pense évidemment à la canne à sucre, Π y a eu une évolution signifi-
cative dans la préparation des sols, l'entretien, la récolte voire même le transport. Il y a eu 
également une transformation toute aussi significative en ce qui concerne l'emploi de la 
main d'oeuvre. Par contre, ma réponse sera plus nuancée s'agissant des plantes h tubercules. 
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selon qu'on se trouve en Afrique, en Asie, en Amérique du Sud, dans la Caraïbe ou aux 
Antilles. Je parlerai volontiers de tradition et modernité en ce qui concerne l'apport du 
machinisme dans la pratique et la conduite des plantes à tubercules dans notre région. A 
mon sens, la passerelle qui relie tradition et modernité est: "La connaissance et la transmis-
sion du savoir faire traditionnel mises au service de la technologie moderne". 

DE QUELLES PLANTES A TUBERCULES S'AGIT-IL? 

Sont concernées par mes propos, les plantes alimentaires telles que l'igname, la patate 
douce, la pomme de terre, les madères, le malanga, le manioc et Γ arrowroot. Ces plantes 
rentrent dans le vocable "racines" chez nous et elles ont une place importante dans notre 
alimentation. Ces cultures ont la particularité d'être conduites à la fois de manière très 
traditionnelle: dachine. igname et patate douce en Guadeloupe, Martinique et Guyane, et de 
manière moderne: igname et pomme de terre en Guadeloupe, dachine en Martinique et à 
Barbade et patate douce à Saint-Vincent. 

Il existe donc une base commune au niveau de l'itinéraire de préparation des sols de 
ces différentes racines. Par contre, les spécificités s'affichent dans les domaines de la plan-
tation, de l'entretien, de la récolte et du conditionnement. L'itinéraire de préparation est 
souvent calqué sur celui de la culture de l'igname qui reste en Guadeloupe une culture de 
base pour plantes à tubercules. Il convient de constater également que ces cultures font 
souvent l'objet d'association par les agnculteurs et ceci même au niveau des exploitations 
de taille moyenne {2 à 3 ha) ou de grande taille (7 ha et plus - exemple: les agnculteurs 
installés dans le cadre de la réforme foncière.) 

QUEL EST LE NIVEAU DU MACHINISME DANS LES PLANTES A TUBERCULES 

Le parc matériel utilisé spécifiquement pour les plantes à tubercules est très difficile à 
identifier. On trouve souvent du matériel utilisé traditionnellement pour la banane en Basse 
Terre ou la canne en Grande-Terre - tracteur à roue: souvent trop lourd; charrue; sillonneuse 
à soc; etc. 

Une enquête réalisée par l'INRA, sous l'égide du groupe de réflexion sur la mécanisation 
en 1993 montrait que: 2.8% des exploitations agricoles possèdent un tracteur a roue, et 
0.6% un motoculteur. 

Au vu de ces chiffres, on serait tenté de dire que l'agriculture est fort peu mécanisée. 
Cependant ces chiffres reflètent une très grande variabilité. En effet, il y a des agriculteurs 
qui sont suréquipés ou souvent mal équipés. D'autres agriculteurs absolument pas équipés 
que l'on peut classer en trois catégories quant à ceux qui sont concernés par les plantes à 
tubercules: 

Une catégorie qui travaille manuellement de manière très traditionnelle: une grande 
majorité de petits planteurs pratiquant une agnculture de type jardin vivrier avec plusieurs 
cultures associées. 
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Une deuxième catégorie regroupée: en CUMA cannier ou groupement bananier avec 
des cultures de base comme la canne ou la banane. 

Une troisième catégorie faisant appel a l'entreprise privée (souvent à Γ inter récolte): 
avec des unités de production de taille faible à moyenne. 

II existe donc un besoin en mécanisation et une demande clairement exprimée par les 
professionnels agricoles et plus spécifiquement pour la culture de l'igname. Un projet 
entrepris dès 1984 sur l'amélioration de l'itinéraire technique de la culture de l'igname a 
permis d'aboutir à la modernisation de la filière. 

Les efforts ont été concentrés sur: 

La préparation des sols et l'enfouissement de la matière organique (problème 
agronomique majeur): ici les efforts ont abouti à la réalisation de l'IFPS.93 - un 
billonneur breveté INRA: matériel à usage multiple, pouvant être utilisé pour la 
préparation des sols de la plupart des plantes à tubercules que nous avons cité au 
précédent paragraphe. 

Le désherbage chimique raisonné pour la lutte contre les mauvaises herbes. 

La plantation: un prototype est en cours de réalisation avec l'équipe PALMIER-
LABIRIN-BARBIER. 

La récolte: elle reste un poste de travail important et il est nécessaire d'apporter quelques 
améliorations. 

Ce programme malgré les faibles moyens financiers dont il disposait a pu aboutir grâce 
àLétroite collaboration entre la Recherche et une société industrielle et commerciale: 
SOCOMECO. Ceci a permis la fabrication des prototypes. C'est là une formule à encour-
ager dans l'avenir: cependant il convient de mette en face les moyens permettant de progresser 
plus rapidement. 

PERSPECTIVES ET OBJECTIFS POUR LA RECHERCHE 

Dans le contexte actuel du développement des plantes à tubercules et en s'appuyant sur 
l'ensemble de données comme: la diversification des cultures, l'organisation et 
l'augmentation de la sole en igname, le développement de l'irrigation en Grande Terre, 
l'installation sur des parcelles mécanisables, il conviendrait de renforcer les actions de re-
cherche dans le domaine du machinisme agricole avec la mise en place d'un programme 
centré sur la mise en oeuvre de moyens scientifiques et techniques modernes s'appuyant sur 
les voies traditionnelles. Il s'agirait de l'étude et la mise au point de technique nouvelle de 
travail du sol, de plantation, de récolte el de conservation des produits. 
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Bien qu'il ne s'agisse pas à proprement parler de révolution dans ces domaines, l'effort 
apparaît cependant comme potentiellement très fructueux, notamment dans le cas de l'igname 
où l'on peut proposer un itinéraire technique hautement amélioré et adapté à la situation 
actuelle de la production. 

On peut parler de prototype de programme qui devrait bénéficier de la collaboration 
de: la recherche (1NRA-CIRAD), les industriels et les distributeurs, et les professionnels 
agricoles. 

La qualité des prototypes réalisés à ce jour sur place nous permet d'être optimiste. Un 
financement local doit pouvoir être mis en place pour la réalisation de tels programmes. 

CONCLUSION 

Je dirai que l'importance du machinisme agricole est donc renforcée par l'évolution de 
la situation générale de l'agriculture en Guadeloupe. Une stratégie du machinisme agricole 
doit être une préoccupation essentielle aujourd'hui, compte tenu du coût de la main-d'oeuvre, 
de la nécessité de produire plus et mieux, de l'intérêt à faire baisser le coût de production et 
l'obligation de dégager un revenu pour le producteur. 
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WEEVIL IN BARBADOS WITH AN ASSESSMENT OF ITS 
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ABSTRACT 

Stemochetus mangiferae (F,), mango seed weevil (MSW) was Firsl reported in the 
Caribbean in 1984 in St Lucia and by 1986 had spread to Barbados, Dominica, French 
Guyana, Guadeloupe and Martinique. Since entering Barbados, MSW has spread through-
out the island but with generally heavier infestation levels in the northern half of the island 
(30%) compared with the southern half with less than 10%, in one parish (St Joseph) more 
than 72 % of all fruit collected were infested. All varieties sampled were infested. Germina-
tion tests of infested seed indicated that viable seedlings could be obtained from damaged 
seed but this was dependent on the extent of damage; the embryo should be intact but up to 
50% of the cotyledons could be destroyed. Since its introduction in 1986, MSW has caused 
BDS$!04,123 (US$1.00 = Bds$2.00) to be spent by the Government on survey costs and 
research including control attempts. Of more importance is the quarantine significance of 
MSW to Barbados which is attempting lo increase its mango production for export as part 
of its agricultural diversification thrust. 

INTRODUCTION 

The mango seed weevil (MSW), Sternockelus mangiferae (F.) (Coleoptera: 
Curculionidae), is associated with mango its only known host, practically everywhere mango 
is grown in the old World. Recently MSW was reported in the Caribbean for the first time 
by St Lucia in 1984 and by 1986 it had spread to Guadeloupe, Martinique, Barbados, 
Dominica and French Guiana (FAO, 1989). Eggs of MSW are laid on young fruit and 
newly hatched larvae make their way directly to the seed to go through their entire develop-
ment cycle. There has been however the odd report of larvae developing in the flesh of the 
fruit (Balock and Kozuma, 1964; Chandler, 1991). Larvae feed on and eventually destroy 
the seed cotyledons either totally or partially. Usually there are no external signs of infesta-
tion or damage, particularly in early maturing varieties where the fruit would be utilized 
and the seed discarded before the pest has had the opportunity to leave the seed. In the 
Caribbean region, it is these early maturing varieties which are most commonly grown. In 
late maturing varieties the adult emerges from the seed and exits the fruit through the flesh 
only after the fruit has matured. This results both in direct damage to the pulp as well as 
secondary infestation by various pathogenic organisms. Because the pest is feeding and 
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living in the seeds, losses do occur where seeds are required for propagation purposes (Shukla 
et al., 1985; Mann and Ambrose, 1990). Mann and Ambrose (1990) reported a mean loss of 
30.9% (range 23.0 to 64.0%) from the propagation stations of the St Lucia Ministry of 
Agriculture. 

MSW infestation is also reported to cause premature fruit fall (Sundara Babu, 1969; 
Hill, 1975; Mann and Ambrose, 1990). The report by Mann and Ambrose (1990) for St 
Lucia is the first for the Caribbean where it was observed that 'Graham' mangoes were 
dropping from the tree when mature but unripened and that the majority of such fruit was 
infested with late instar MSW larvae. 

Notwithstanding such reports of loss, other studies suggest that S.nvmgiferae should 
not be regarded as a pest of serious economic importance. Certainly Balock and Kozuma 
(1964) were of this view for Hawaii, despite seed infestation levels of 100% and more 
recently Woodruff (1987) expressed the same opinion for mango production in some Carib-
bean islands. What is certain however is that whether the pest is of direct economic impor-
tance or not in the field, it is always considered a pest of major quarantine importance 
(Balock and Kozuma, 1964; Shukla et al., 1984; Dey and Pande, 1987; Pollard, 1988), and 
in fact is now listed as such for the Caribbean (FAO, 1989). One implication of this is the 
impact on trade and the export of fruit from infested countries. 

This paper describes the distribution of MSW in Barbados since it was first reported 
and examines as well the impact that this pest has had on mango production since then. 

MATERIALS AND METHODS 

Distribution and infestation levels of S. mangiferae 

An islandwide survey (Figure 1) was conducted over the period 27 May to 5 August 
1991. Mature green and ripe fruits were collected mainly from residential areas but at times 
from the wild following the survey protocol of the FAO ( 1989). However, it was not always 
possible to follow this protocol strictly since some homeowners refused to allow fruits to be 
picked or even collected from below their trees. In most cases, though, fallen fruits were 
sampled. Sampled fruits were collected in polythene bags and taken back to the laboratory 
where MSW infestation was determined by cutting open the fruit using a mango seed cutter 
(FAO, 1989). Various life stages of all weevils collected were recorded. 

Effect of seed weevil on germination 

Five batches of mango seeds of four varieties were planted - 'Thousands* (two batches), 
'Mango Long', 'Graham', and 'Ceylon'- at the Ministry of Food and Fisheries (MAFF) 
nursery on 27 May, 13 June, 25 June, 2 July and 4 August 1991 respectively. 'Mango Long' 
was most frequently used as a root stock at the nursery while the other varieties were the 
ones targeted for export production. The endocarp of the seed was removed prior to plant-
ing to determine both the condition of the seed as well as to shorten the germination period. 
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Seeds were graded according to MSW damage; those with 50% or more damage were 
classified as 'heavily damaged', those with less than 50 but not zero as having 'light dam-
age' and seeds with no evidence of damage as 'clean'. 

Fifty seeds of each grade were planted in batches adjacent to each other in sand. Ap-
proximately 2 weeks after sowing germination percentages were recorded; not only were 
seedlings which had emerged from the sand counted as having germinated, but also those 
seeds that had germinated but were still below tbe surface. 

To evaluate the impact of MSW further, seedling growth (plant height) was measured. 
The batch of 'Mango Long' seeds planted on 13 June 1991 was allowed to grow through to 
the seedling stage, after which the heights of 20 randomly selected plants from both clean 
and light damaged seeds were recorded after 8 weeks. 

Figure 1 Location of sampling sites in Barbados (shown by dots) 

Varietal susceptibility to MSW 

Sampling was carried out at MAFF's Haggatts Orchard in the parish of St Andrew. 
Both fallen fruit and fruit picked from the tree were sampled. In the case of fruit picked 
from the tree, six varieties were sampled. These were 'Palmer', 'Ceylon', 'Julie', 'Gra-
ham', 'Imperial' and 'Thousands'. Fruit from the ground were sampled for four varieties. 
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These were as above except 'Palmer' and 'Julie', Twenty-five fruits of each variety were 
sampled from the tree and 25 from the ground. Fruits were chosen at random, the seed cut 
open and percentage infestation recorded. 

RESULTS AND DISCUSSION 

Distribution and infestation levels 

S. mangiferae was found infesting mangoes in all II parishes in Barbados (Table 1 ). 
The highest percentage of infestation was in St Joseph (72.3% of fruit collected) and the 
lowest in Christ Church with approximately 1.0%. Generally, higher infestation was ob-
served in the north of the island (St Lucy, St Peter, St Andrew, St James, St Thomas and St 
Joseph) with mean infestation levels of 30.0% compared with 9.7% infestation in the south-
ern half of the island (St Michael, St George, St John, Christ Church and St Philip). Mean 
infestation level in Barbados was 23.35 ± 5.96%. One to five weevil larvae were found per 
seed, but it was only in one instance where five were found. At times all three life stages 
were observed which suggested that either eggs were laid at different stages of fruit devel-
opment or that larvae developed at different rates. Larvae were also found in the seeds of 
mature ripe fruit, i.e. fruit that had already turned yellow and with soft flesh. 

Table 1 Infestation of mangoes through all parishes in Barbados (data collected between 
May-August, 1991) 

Parish No. No. % Weevils collected 
mangoes infested infested 
collected 

Larvae Pupae Adults Total % Total 

St. Lucy 352 80 22.7 18 25 45 88 8.2 
St. Peter 588 108 18.4 32 27 57 116 10.8 
St. Andrew 448 227 50.7 110 90 108 308 28.5 
St. James 490 127 25.9 22 64 53 139 12.9 
St. Thomas 297 45 15.2 13 29 15 57 5.3 
St. Michael 475 68 14.3 3 16 62 81 7.5 
St. Joseph 166 120 72.3 7 22 116 145 13.4 
St. Phillip 284 56 19.7 1 1 66 68 6.3 
St. John 258 19 7.4 1 4 14 19 1.8 
Christ Church 485 4 0,8 0 2 2 4 0.4 
St. George 498 47 9.4 I 8 45 54 5.0 
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Usually, only adult weevils are found in mature fruit. Sundara Babu (1969) reported that 
eggs may be laid after the marble stage, but larvae did not survive. Balock and Kozuma 
(1964) suggested that weevils continue to oviposit as fruit develop, but larvae from eggs 
deposited during the advanced stages of fruit development are unable to penetrate the hard 
seed coat. 

Effect of MSW on seed germination 

Table 2 shows the germination percentages of clean and heavily and lightly damaged 
seeds planted between May and August 1991. Mean germination rates for all varieties were 
4.0 ±1.7,56.8 ± 2.57 and 81.8 ± 4.0% for heavily damaged, light damaged and clean seeds 
respectively. Apart from the poor germination rate of those seeds showing heavy damage, 
in most cases they rotted as well. Significant differences between germination rates were 
observed for all varieties. 

Table 2 Germination performance of lightly damaged, heavily damaged and clean seeds of 
four mango varieties 

Damage Mean % germination Damage 

'Thousands' 'Mango Long' 'Ceylon' 'Graham' 

Heavy 3 0 10 4 

Light 54 66 60 50 

Clean 75 94 90 75 

Singh (1960) stated that the germination potential of infested seeds was significantly 
reduced while Van Dine (1906) had earlier reported zero gemination in infested seeds. On 
the other hand. Hill (1983) had suggested that seeds from which the weevil had been re-
moved could be used as planting material and these results agree. 

As far as the effect of MSW on seedling growth was concerned there appeared to be no 
significant difference in plant heights recorded for seedlings from clean seed (25.5 ± 1.76 
cm) and those from light damaged seed (16.2 ±1.58· cm). These results are within the norm 
since mango seedlings should reach a height of approximately 15 cm at 6 to 8 weeks growth 
(Purseglove, 1974). The mean height of 16.25 cm for seedlings from light damaged seeds 
was greater than the norm. These results show that viable seedlings can indeed be obtained 
from damaged seed but this is dependent on the extent of damage and the embryo remain-
ing intact. 
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Varietal susceptibility to MSW 

The mango varieties examined and the percentage seed weevil infestation in fruit sampled 
at the Haggats Orchard are presented in Table 3. Student's 't' tests showed no significant 
difference in percentage infestation between fallen and picked fruit. Earlier reports (MAFF, 
1986) had indicated that 'Mango Long', 'Thousands' and an unnamed variety were the 
ones most susceptible to MSW. These results however indicate that all varieties cultivated 
on the island are subject to MSW attack but the degree of attack varies according to variety. 
The fact that the weevil seems able to colonize all varieties presently grown in Barbados 
limits the possibility of utilizing resistant varieties as a method of control. 

Table 3 Varietal incidence of the mango weevil at 
Ministry of Agriculture orchard, Haggatts, St. Andrew 

Variety Seed weevil infestation % 

Pickled fruit Fallen fruit 

'Palmer* 50 
'Ceylon' 43 40 
'Julie' 5 — 

'Graham' 80 93 
'Imperial' 59 48 
'Thousands' 40 92 

These results are similar to those of Sundara Babu (1969) who also reported differen-
tial varietal infestation percentages and further suggested that skin character had a bearing 
on nut weevil incidence, but that other features such as fibre content, flavour and sweetness 
of flesh were of no significance. These latter characters were not investigated in this study. 
However, preliminary observations in this study do not concur with those of Sundara Babu 
(1969) as far as the observation on skin thickness is concerned. He attributed the "... thick, 
rough and tough" skin of 'Jehangir' to the low incidence of seed weevil infestation. How-
ever, 'Graham' has a tough and thick skin but an average infestation rate of 86.5% was 
recorded for this variety in Barbados. This was the most susceptible of all varieties investi-
gated. 

Determination of economic impact of MSW 

To determine the total economic impact of MSW in Barbados attempts were made to 
identify various costs incurred as a direct result of its activity and from attempts to eradicate 
this pest. 
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After MSW was first identified in Barbados in 1986 in the central parish of StThomas, 
surveys were conducted over the next 3 years (1987 to 1989) to determine the extent to 
which the pest had distributed itself over this period. BDSS 20 000, 9 000 and 9 000 
(BDSS2.00 = US$1.00) were allocated for each of these 3 years respectively by the govern-
ment. The 1987 survey was islandwide, hence the greater cost. 

At the MAFF*s nursery mango seedlings are propagated from locally purchased seed 
for sale to the public. Prior to 1989 seed suppliers were paid in full for all seeds supplied. 
For the 18-month period April 1987 to August 1988,60,108 seeds were purchased at a cost 
of BDSS0.10 each. At that time the management of the nursery estimated a 30% loss due to 

tMSW damaged seeds. Hence, 18,032 seeds were unsuitable for planting and represented a 
loss of BDS$ 1,803. To supplement the shortfall in propagating material, seeds were im-
ported from St Vincent, which is MSW-free, at a cost of BDS$46,000. MAFF spent a total 
of BDSS 18,230. in conducting research trials on the biology, ecology and control of MSW. 
Table 4 outlines these various costs which from 1986 to 1990 amounted to BDSS 104,123, 
It should be noted that the above does not take into account fixed costs such as salaries and 
other associated items. 

Table 4 Estimated total costs (BDS$) incurred by Barbados over the period 
1986 to 1990 as a result of the mango seed weevil 

Costs Bds$ % 

Survey 38 000.00 36.5 
Seed imports 46 000.00 44.2 
Losses due to weevil infestation of 1 803.00 1.7 
locally purchased seed 
Research 18 320.00 17.6 
Total 104 123.00 100.0 

BDS$2,00 = US$1.00 

CONCLUSION 

Since the first report of the presence of MSW in 1986 in the central parish of StThomas 
in Barbados, it is now established throughout the island (Table 1 ). However, the distribu-
tion of the pest appears to be quite random. For example, survey data showed areas with 
high infestation next to areas of low incidence. In the village of Ashton Hall in the parish of 
St Peter two trees of the same variety approximately 40 m apart were sampled. Twenty-five 
per cent infestation was recorded on one tree and 61% on the other. Hansen et al. (1989) 
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reported a similar situation in Hawaii but could only suggest microhabitat characteristics as 
being responsible. 

MSW has had a significant but small economic impact on mango production in Barba-
dos (Table 4). However, although there has been a 30% decrease in the availability of seed 
material for propagation purposes, it has been clearly shown that not all infested seeds are 
unsuitable for germination; those seeds with low damage (less than 50%) could still be 
planted for rootstock purposes. Further study aimed at determining the level of infestation 
that impacts most on seed germination needs to be pursued. Of more worrying concern are 
reports that MSW causes premature fruit fall. This poses a more potentially serious threat. 
Of more immediate concern is the plant quarantine implication of MSW to trade in mangos. 
If Barbados endeavours to export mangoes to the USA, or those countries in the Caribbean 
that have not reported the presence of MSW, such trade may be prohibited or allowed only 
after expensive post-harvest treatments which may not be cost-effective for Barbados given 
the size of the industry at this time. 
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THREATS TO HONEY BEE POLLINATORS: A THREAT 
TO FOOD SUSTAINABILITY AND TRADE 

M. E. Headings 

The Ohio State University, Agricultural Technical institute, 
1328 Dover Road, Wooster, OH 44691, USA 

ABSTRACT 

In the past few years, there has been a significant decline in number of managed honey 
bee colonies, as well as perhaps unmanaged colonies, in parts of the western hemisphere. 
Plant pollination by honey bees is valued at billions of dollars to world economies. There-
fore, external threats to honey bees can have serious implications on global food supplies. 
Several important threats are the parasitic bee mites, Varroa jacobsoni (Oudemans) and 
Acarapis woodi (Rennie), and chemical pesticides. Some efforts to combat these threats 
include breeding bees for mite resistance, using chemical treatments for mite control, se-
lecting chemical pesticides less hazardous to bees, and exploring non-chemical alternatives 
for pest control. 

INTRODUCTION 

The honey bee, Apis mellifera, is one of the most remarkable insects known. It is not 
native to the Americas but was rather brought here by early European settlers. Its presence 
was first recorded in Virginia around 1622. The native American Indians referred to the 
honey bee as the white man's fly. 

The most valuable asset provided by this insect is its effectiveness as a plant pollinator. 
It is estimated that honey bees are used to pollinate more than $20 billion worth of US crops 
annually. In North America, approximately one-third of the food in our diet comes directly 
or indirectly from plants pollinated by bees. 

Some crops which depend upon bees for pollination are cucumber, melon, orange, 
almond, avocado, and lychee fruit. Other crops that are enhanced by bee pollination are 
mango, passion fruit, peppers, eggplant, mandarin, and strawberry (Stanger, 1967). 

MATERIALS AND METHODS 

Data on honey bees and beekeeping for this review were obtained from various publi-
cations and through personal contacts. Sources included the United States Department of 
Agriculture, the Ohio Department of Agriculture (Apiculture Section), the A.I. Root Com-
pany (Bee Culture publication), the Canadian Association of professional apiculturists and 
others. Personal field observations were accumulated from 16 years of experience as a 
beekeeper in Ohio. Field observations were also made of honey bees on Andros Island in 
the Bahamas, in South Africa, and in Swaziland. 
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RESULTS AND DISCUSSION 

Beekeeping data 

It is estimated there are 139,000 to 212,000 beekeepers in the United States. Of these, 
approximately 2,000 are commercial beekeepers owning 300 or more colonies (Hoff, 1995). 
There were 7,126 registered beekeepers in Ohio in 1990. This number steadily declined to 
4,485 in 1994 as shown in Table 1 (C. Rudloff, 1995, pers. comm.). How this trend com-
pares nationally is unclear. 

Table 1 Number of registered beekeepers in Ohio 

Year Number of beekeepers 

Source: Ohio Dept. of Agric., Apiculture Section 

The number of managed honey bee colonies in the United States declined from 5,900,000 
in 1947 to 2,758,000 in 1994. The decline since 1989 is shown in Table 2. It is thought this 
decline is due largely to increasing losses from tracheal and varroa mites in recent years, 
increased use of chemical pesticides, fewer readily available nectar sources, changes in the 
government honey price support programme, increased honey imports from China, and 
overall increasing production costs and decreasing net income (Hoff, 1995). 

Even though the number of managed honey bee colonies in the USA has declined, the 
total amount of honey produced in the country has remained reasonably constant in recent 
years. The amount produced in 1994 was 98,2 million kg. Perhaps a major reason for 
constant honey production in spite of the decline in number of colonies is that the average 
yield per colony has increased from 22.2 kg in 1989 to 29.9 kg in 1994 (USDA, 1995). 

It is thought the feral (wild) honey bee colonies in the USA have declined significantly 
in recent years even though there is seemingly no way to collect accurate data. Evidence of 
this is based upon the paucity of honey bees seen on flowers and the sharp decline in num-
ber of honey bee swarms (J. Tew, 1995. pers. comm.). 

1990 
1991 
1992 
1993 
1994 
1995 not determined 

7,126 
6,785 
6.331 
5,451 
4,485 
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Table 2 Number of bee colonies in the USA, 1989-1994 

Year No. of colonies 
(x 1000) 

% Increase or 
decrease 

1989 3,434 — 

1990 3,200 -7 
1991 3,159 -1 
1992 3,019 -5 
1993 2,860 -5 
1994 2,758 -4 

Source: USDA, ITC 

International trade 

A number of fruits and vegetables, as well as honey, are a part of international export/ 
import trade. Threats to the well-being of the honey bee can pose a threat to the availability 
of these food commodities for international and local markets. The three leading honey 
producers in 1993 were China, the United States, and Mexico. China is the world's largest 
honey exporter with nearly a 16% annual increase since 1976. Germany, Japan and the 
United States are the principal importers of honey with Germany being the largest (Hoff, 
1995). 

The United States exports honey to a number of the Caribbean islands including 
Martinique, Barbados, the northern Antilles, Guadeloupe, Aruba, and the Bahamas. The 
Dominican Republic exported 164,561kg to the United States in 1993 and 96,533 kg in 
1994. The United States imported a total of 54.97 million kg of honey in 1994 (USDA, 
1995). This represents a little over half of the total production in the USA the same year. 

Even though import/export data are not included here for fruits and vegetables, the 
potential impact of declining honey bee numbers on the production of certain crops such as 
cucumber, orange, and mango is apparent. 

Threats to honey bees 

Threats to honey bees for years have been American foulbrood, European foulbrood, 
nosema, chalkbrood, sacbrood, etc. More recent increasing threats, however, are the para-
sitic mites: the Varroa mite, Varroa jacobsoni (Oudemans), and the tracheal mite, Acarapis 
woodi (Rennie). These mites have probably been the single most significant factor leading 
to decline in numbers of honey bee colonies in the United States in recent years (Rudloff, 
1995). The effect of chemical pesticides on honey bee populations is rather insidious; 
however, it is believed to have also been a significant factor in bee mortality for several 
years. In 1988, a honey industry survey indicated that 241 out of 688 beekeepers reported 
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honey bee losses due to pesticides with 37% of their colonies being affected (Hoff and 
Willett, 1994). There is a large difference in the toxicity of different pesticides to honey 
bees. For example, malathion is much more toxic than methoxychlor (Headings, 1983). 
The trend is toward developing alternatives to chemicals for pest control such as the bacte-
rial insecticide Bacillus thuringiensis. 

A very current threat to the US beekeeping industry, and one for which the future 
impact is not yet known, is the northward advance of the African honey bee into several 
southern states and Puerto Rico. 

Considering the threats mentioned, the mite problem is probably the most urgent wide-
spread concern. The Varroa mite was first reported on the small Indian honey bee Apis 
cerana in Java in 1904. The mite moved onto European honey bees when they were intro-
duced into the far east and eventually found its way to the western hemisphere. On 16 
November 1979, a drone honey bee was collected from a flower in Maryland and put in a 
vial of alcohol. Two Varroa mites were later discovered in the vial. Since then, the mite has 
virtually spread across the northern hemisphere. The female is reddish brown and clam 
shaped measuring 1.1 to 1.2 mm long and 1.5 to 1.6 mm wide. The male is yellow to 
grayish white and round shaped measuring 0.7 by 0.7 mm. Drone brood is preferred when 
available - possibly due in part to the longer development time required for drone brood. 
The female will feed on larvae, pupae and adult stages of bees. The development cycle of 
the mite occurs in the bee brood where it feeds upon the developing bee. A form of resis-
tance to Varroa mites has been observed in the Indian honey bee as well as in some Euro-
pean and African bees due in part to grooming off the mites. These bees have been seen to 
chew mites and sometimes bite off their legs and then cany them outside where they are 
dropped on the ground (Morse, 1995). 

The tracheal mite was described by J. Rennie in England in the early 1920s and was 
also considered responsible for the Isle of Wight disease that had resulted in significant bee 
mortality on the island since 1904. By 1981, it was found presentin much of South America, 
Mexico, Europe, and parts of Asia and Africa. By 1986 it was also found in much of the 
USA and shortly thereafter in Canada. The mite is too small to be seen without magnifica-
tion. The adult mite enters through the first thoracic spiracle of the honey bee and its 
offspring develop in the trachea where they feed on hemolymph. Tracheal mites prefer 
younger bees - less than 4 days and better if less than 24 hours (Sammataro and Needham, 
1995). The Buckfast bee developed by Brother Adam at Buckfast Abbey in England report-
edly shows some resistance to tracheal mites. 

Mite chemical control 

The only registered chemical control for Varroa mites on honey bees in the United 
States is fluvalinate sold under the trade name Apistan. This chemical is impregnated into 
solid strips of material which are then suspended between frames of the hive. This report-
edly will give adequate control if used as directed. 
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For tracheal mites, there is likewise only one chemical control registered for use on 
honey bees in the United States. A net bag containing Menthol crystals is placed on the 
bottom board or top bars in the hive for a prescribed period of time. No chemicals should 
be used in the hive during times of the year when honey is being produced. A non-chemical 
method of control for tracheal mites that reportedly has some efficacy is a mixture of veg-
etable oil (such as Crisco) and sugar. This is made into patties and placed on the top bars in 
the hive. 

CONCLUSIONS 

Honey bees are very important monetarily and aesthetically for the pollination services 
they provide as well as for the honey and beeswax they produce. It would appear there 
is significant potential for increased beekeeping in the Caribbean countries. 

The number pf managed honey bee colonies, and possibly feral colonies, has declined 
significantly in the United States. The most recent decline is largely attributed to the 
arrival of Varroa and tracheal mites. 

Honey bees are indirectly important in international trade in terms of the availability of 
certain vegetables, fruits, nuts, and honey. The Dominican Republic is an exporter of 
honey to the United States. 

There are many threats to honey bee populations, including diseases, pesticides, the 
paucity of appropriate nectar-producing plants, economic factors, and most recently, 
bee mites. 

There are several methods available for mite control: Apistan, Menthol crystals, and 
vegetable oil/sugar patties. Good management practices are essential for successful 
beekeeping today. 
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RESISTANCE TO MOTH BORER: THE POSSIBLE EFFECTS 
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RESISTANCE AND THE NEED FOR AN IPM APPROACH 
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ABSTRACT 

Twenty-one new and three commercial sugar-cane varieties were screened for posssible 
resistance to the sugar-cane moth borer Diatraea saccharalis at four different sites. Varietal 
resistance was evaluated using percentage dead hearts in young canes and percentage joint 
infestation in mi liable canes. Variety rankings according to both indices of infestation were 
site specific and in the case of dead heart rankings, time specific. These results are dis-
cussed in the context of the impact of environmental factors on varietal resistance and the 
need for an integrated pest management (IPM) approach to the management of the pest in 
Barbados. 

INTRODUCTION 

The moth borer Diatraea saccharalis (F.)fLepidoptera: Pyralidae) is a major pest of 
sugar cane in Barbados. The borer deposits her eggs on cane leaves and after hatching the 
larvae burrow into the stems, sometimes gaining entry through the bud primordia, where 
they complete their life cycle. Detailed descriptions of the insect and its life history are 
provided by Ingram and Bynum (1941), Fennah (1947), Mathes and Charpentier (1969) 
and Schmutterer (1990). The pest causes significant losses in yield by the destruction of 
stem tissue, a reduction in the sucrose content of remaining tissue and by the effect of 
secondary infections by pathogens such as the fungus Glomerella tucumanensis (Speg.) 
Arx and Muller, the causal organism of red rot disease (Metcalfe 1969, Mathes and 
Charpentier, 1969), In young cane larvae can destroy the growing points causing the leaf 
spindles to die and become dead hearts. 

Biological control, involving the mass rearing and release of a number of parasitoid 
species the most important of which are the larval parasitoids Cotesia flavipes 
(Cam.)(Hymenoptera: Braconidae) and Lixophaga diatraeae Tns. (Diptera: Tachinidae), 
has been used in Barbados since the 1920s to reduce the pest populations to acceptable 
levels. In spite of this, increases in the level of moth borer infestation beyond the accepted 
economic threshold level of 5% of mi liable joints bored occur from time to time. 

Sugar-cane varieties differ in their intrinsic resistance to the pest, this being due to 
certain physical characteristics which render the plant unattractive for egg deposition and 
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unfavourable for the establishment of larvae and their development to adults (Mathes and 
Charpentier, 1969;Coburn andHenslcy, 1971). Characteristics which confer resistance, e.g 
stalk thickness, degree of trashing and rind hardness, tend to be environmentally variable, 
so that variety resistance to the pest may be affected by environmental factors. 

Varietal resistance is a vital component of an integrated pest management approach 
through its impact on both the population levels of the pest and the efficiency of biological 
control. Studies in Louisiana, USA by Bessin et al. (1990) showed that although varietal 
resistance contributed only 24% of the control of plant injury, it supplied more than 40% of 
the suppression of moth emergence. Moderate levels of varietal resistance substantially 
reduced sugar-cane borer emergence suggesting that the impact of susceptible varieties on 
borer populations may be mitigated if they are dispersed among varieties with greater resis-
tance. Citing van Emden (1966) and Bessin et al. (1990) added that it has been shown 
mathematically that even low levels of resistance can have profound effects on the effi-
ciency of natural enemies. 

In order to minimize the effect of moth borer on future crop yields, a more integrated 
approach to the management of the pest is required in Barbados. To this end resistance 
screening of new varieties to moth borer has recently been introduced into the sugar-cane 
variety evaluation and selection programme. This paper reviews the preliminary results of 
the screening of the first series of new varieties ( Β 88/89) to moth borer infestation and the 
possible impact of the environment on the expression of resistance and on pest population 
levels. 

METHODS 

Screening was carried out in trials established by the Agronomy Research and Variety 
Testing Unit to evaluate 21 new varieties against three commercial standards - B62163, 
B74541 and B80689 - for yield and quality. The varieties were planted during October and 
November 1993 according to a randomized complete block design at four sites: Constant, 
Si George; Ridge, Christ Church; Todds, St John and Three Houses, St Phillip. The first two 
sites are in intermediate rainfall areas while the latter two are in high and low rainfall areas, 
respectively. Plots comprised six raws 7.6 m long and each plot was replicated tliree limes 
with a plant density of 10-12 plants per plot row. 

Monitoring of moth borer dead heart infestation began in March 1994 and was re-
peated monthly until October 1994. Percentage dead hearts were determined for each vari-
ety plot by computing the total number of tillers with dead hearts as a percentage of the total 
number of tillers recorded from five randomly selected plants. The trials were harvested in 
March 1995 at which time stalks were surveyed for joint infestation determined as the 
proportion of joints bored expressed as a percentage of all joints. A randomly selected 
sample of ten canes from each variety plot was used for this estimate of joint infestation. 

Varietal differences for dead heart and joint infestation were determined using Analysis 
of Variance (ANOVA). Where there were significant differences, Tukey's Test was used to 
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determine which of the new varieties were different from the standards. Separate analyses 
were done on individual monthly dead heart data combined over locations. The varieties 
were ranked on a scale of 1 to 24 ( 1 being the lowest infestation level) according to their 
mean dead heart infestation at each site in each month from May to October 1994. A similar 
ranking was performed on joint infestation data from each site. Kendall's Coefficient of 
Concordance (Zar 1984) was used to determine whether there was agreement between: (i) 
the monthly ranks based on dead hearts at each site; (ii) the site ranks for dead hearts in each 
month; (iti) the site ranks based on joint infestation. 

Varietal resistance as indicated by the two indices of infestation were compared by 
Spearman's Rank Correlation analysis using rankings based on mean joint infestation over 
all sites and mean dead heart infestation levels over all sites and months. 

RESULTS AND DISCUSSION 

Variety resistance screening 

In the early stages of growth, i.e up to April (6 months of age), there were very low 
levels of infestation and no significant differences in percentage dead hearts were found 
among the varieties (Table 1 ). As a result, data for March and April were not used in further 
analyses. According to Fuentes et al. ( 1983), the optimum plant age in sugar cane for carry-
ing out assessment for resistance to moth borer is 9 months. However, in this study signifi-
cant varietal differences in percent dead hearts appeared from 7 months onwards. The sig-
nificant differences were between new varieties and not between new and standard variet-
ies, the exception being during June when three varieties (B89452, B89593 and B89712) 
had significantly lower levels of infestation than the B62I63 standard. 

Table 1 Variance ratios (F) of the dead heart infestation levels for 
varieties and sites over the period March to October 1994 

Month Variety Site 
F 21,184 

March 1.03 NS 5.49 * 
April 0.62 NS 1.43 NS 
May 1.71 * 5.59 * 
June * * * 32.98 *** 
July 4 09*** 19.66 *** 
August 3.03 *** 2.70 NS 
September 3 27 *** 8.82 *** 
October 3 74 *** 10.34 ** 

*, ** and *** refer to significance at the 5, 1 and 0.1 percent levels 
NS - no significant difference 
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Barbados experienced a severe drought during March to August 1994 (Hudson, 1994) 
which impacted on the growth of the young canes reducing the rate of stalk elongation and 
suppressing tiller production. The individual varieties would have varying tolerances to this 
stress which may be linked to the significant differences in the degree of dead heart infesta-
tion found during some months. 

The joint infestation levels indicated varietal variablity at each site and differences in 
the degree of resistance of each variety between sites. However, the analysis of variance of 
percent joint infestation showed that the varietal differences observed were not significant 
(F23184= 1.14, P>0.05). Therefore, the new varieties have statistically the same level of 
'resistance/susceptibility' to borer attack as the present major commercial varieties. When 
these results are compared with the varietal differences in dead heart infestation, they sug-
gest that there is greater genetic variabilty in the physical traits that confer resistance to the 
establishment of the borer in young canes than those which offer resistance to stalk penetra-
tion and larval development in older canes. 

The variety ranks for dead heart infestation levels at each site in each month from May 
to October are listed in Table 2. Comparisons of the rankings between months at each site 
and between sites at each month using Kendall's Coefficient of Concordance showed that 
there was no agreement between the various rankings (P >0.05). The rankings based on 
joint infestation levels, which are given in Table 3, also showed no agreement between the 
four sites. These results indicate that varietal resistance to both dead heart and joint infesta-
tion varies from place to place and, in the case of dead heart infestation, with time. 

Table 2 Variety rankings of dead heart infestation levels on a scale of 1 to 24 (1 being 
lowest infestation) at four sites over the period May to October 1994 

Variety No. I 2 3 4 1 2 3 4 1 2 3 4 
May June July 

B881602 1 3.5 6 18 5 7 3 6 10.5 18 6 2 7 
B881603 2 7 24 11 15 16.5 18 10 24 1 10 17 15 
Β881607 3 10 5 6 3 1 4 17 5.5 4 5 5 3 
B881686 4 21,5 17 9 13 18.5 12 4 19 15 16 15 20 
B881911 5 6 4 17 2 21 6 15 4 14 22 10 16 
Β8930 6 12 12 15 16 12 16 11 15 7 14 6 9 
B8931 7 19 21 24 22 16.5 19 22 22 16 15 24 19 
B89132 8 17 10.5 21 7.5 10 8 9 17.5 24 12 16 24 
Β89447 9 11 8,5 10 14 8.5 15 12 3 8 9 13 4 
Β89452 10 20 7 7 1 3 1 3 12 5 3 3 2 
Β89491 11 16 15 16 19 18.5 24 23 21 6 21 20 21 
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Β89529 12 15 8.5 12 9 13 20 20 2 10 13 4 18 
B89570 13 18 1.5 1.5 10 14 14 14 5.5 13 17 18 8 
Β89594 14 3.5 18 4,5 21 11 23 24 14 23 20 23 12 
B89577 15 21.5 14 4.5 17.5 24 5 5 9 11 2 7 6 
B89591 16 8,5 21 8 11 22 9.5 8 1 22 8 11 5 
B89593 17 13.5 1.5 3 6 5 2 7 8 2 4 8 10 
B89640 18 3.5 13 22 12 6 11 IS 16 19 18 12 17 
Β89708 19 24 19.5 14 23 4 17 13 23 17 23 22 23 
B89712 20 1 3 1.5 7.5 2 9.5 2 7 3 1 1 14 
Β90666 21 3.5 10.5 13 20 20 13 16 13 9 7 19 1 
Β62163 22 23 23 19 17.5 23 21.5 1 17.5 20 24 14 11 
Β74541 23 8.5 16 20 24 15 7 21 20 12 11 9 13 
Β80689 24 13.5 19.5 23 4 8.521.5 19 10.5 21 19 21 22 

August September October 
Β881602 1 17 9 1 10 16 6 4 9 11 3 9.5 14 
Β881603 2 5 10 18 13.5 7 7 10.5 6 17 18 13 15 
Β881607 3 1 12 2 16 3.5 3 18 5 9.5 4 12 10 
Β881686 4 10 19 16 15 22 14 20 12 24 12 16 17.5 
Β881911 5 18 15 17 6 17.5 5 15 4 21 6 21.5 12 
Β8930 6 6 11 9 19 11 19 19 16 3 16 3 16 
Β8931 7 24 17 23 11 23 17 21 23 16 19 16 23 
Β89Ι32 8 14 5 6.5 13.5 19 8 3 18.5 18 8 20 22 
Β89447 9 21 8 10 7.5 12 13 9 17 22 15 5 9 
Β89452 10 8 2 21 12 1 1 5 3 2 1 14 5 
Β89491 11 9 21 22 24 10 20 17 24 20 24 23 24 
Β89529 12 22 22 12 17.5 24 21 22 22 8 20 8 17.5 
Β89570 13 13 17 3 7.5 5 23 2 2 14 14 6 1 
Β89574 14 19 23 24 17.5 17.5 12 23 13.5 15 23 21.5 20.5 
Β89577 15 11 6 5 5 3.5 2 6 21 13 5 1 8 
Β89591 16 12 4 6.5 1 9 11 14 10 1 9.5 18 6 
Β89593 17 3 1 14 9 8 10 24 15 6.5 2 19 19 
Β89640 18 20 14 11 21 21 22 10.5 20 23 II 16 20.5 
Β89708 19 15.5 20 8 23 20 24 7 19 19 17 4 7 
Β897Ι2 20 2 3 4 4 2 4 13 13.5 12 9.5 7 3 
Β90666 21 23 13 14 2.5 6 9 16 1 6.5 13 9.5 11 
Β62163 22 7 24 20 2.5 14 15 8 8 4 21.5 Il 13 
Β63Π8 23 4 7 14 20 13 16 1 18.5 5 7 2 2 
Β806896 24 15.5 17 19 22 15 18 12 11 9.5 21.5 24 4 

Constant (1). Ridge (2), Three Houses (3) and Todds (4) 
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Table 3 Variety rankings of joint infestation levels on a scale of 1 to 24 (1 being lowest 
infestation) at four sites 

Variety Variety Ranking 
number 

Constant Ridge Three Houses Todds 

B881602 1 16 6 4 12 
B881603 2 3.5 17.5 7 6.5 
Β881607 3 10.5 8 1 10 
B881686 4 5.5 16 10 8 
B881911 5 7 3 16 3 
B8930 6 1 9 18 1 
B8931 7 3.5 14.5 24 14 
B89132 8 22.5 14.5 6 21 
B89447 9 12 13 3 9 
B89452 10 24 22 14 14 
Β89491 11 5.5 5 9 19 
B89529 12 10.5 4 13 16 
Β89570 13 19 17.5 21 4 
B89574 14 22.5 7 23 20 
Β89577 15 13.5 21 11.5 22 
Β89591 16 9 24 5 17 
Β89593 17 15 23 2 24 
Β89640 18 21 19 17 18 
Β89708 19 2 2 19 2 
Β89712 20 20 20 20 5 
Β90666 21 13.5 10 15 23 
Β62163* 22 8 1 11.5 14 
Β74541* 23 17 12 22 6.5 
Β80689* 24 18 11 8 11 

* Commercial standards 

The difference in rankings at the various sites for both indices of infestation suggest a 
possible environmental impact on the mechanisms that confer resistance. The variation 
over time may be linked lo differential growth rates among varieties and thus differences in 
the time at which joint infestation takes over. Once joints are present on the stems larvae 
would more likely feed and develop in lower stem tissue thus reducing the incidence of 
dead hearts. 
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The variety means for dead heart infestation over all sites and months and joint infesta-
tion over all sites as well as their individual rankings are given in Table 4, When the two 
rankings were compared by Spearman's Rank Correlation Analysis, they were not found to 
be associated (r = -0.036, P>0.05). This may be due to the different resistance mechanisms 
that contribute to the two indices of infestation. Dead heart infestation levels indicate the 
presence of larvae whereas joint infestation levels also address their successful develop-
ment to adults. 

Table 4 Mean variety infestation levels and their rankings 

I. Variety Variety Mean % Variety rank Mean % Variety rank 
number dead hearts joint infest. 

B881602 1 4.3 2 13.3 3.5 
B881603 2 8.3 20 13.5 6 
B881607 3 8.0 17 12.2 1 
B881686 4 8.1 18 14.3 9 
B881911 5 6.6 12 13.3 3.5 
Β8930 6 5.0 4 13.9 8 
B8931 7 6.7 13 17.1 19 
B89132 8 5.1 5 16.2 13.5 
Β89447 9 4.9 3 13.1 2 
Β89452 10 3.8 1 18.2 23 
B89491 II 7.0 15 14.6 10 
Β89529 12 5.7 9 14.9 11 
Β89570 13 5.2 6 16.9 15.5 
Β89574 14 8.6 21.5 18.6 24 
Β89577 15 5.3 7.5 17.6 21 
Β89591 16 5.5 10 16.2 13.5 
Β89593 17 5.3 7.5 17.6 21 
Β89640 18 7.2 16 17.7 22 
Β89708 19 8.2 19 13.4 5 
Β89712 20 5.8 11 16.9 15.5 
Β90666 21 6.8 14 17.0 17.5 
Β62163* 22 9.0 24 13.8 7 
Β74541* 23 8.6 21.5 17.0 17.5 
Β80689* 24 8.8 23 15.2 12 

* Commercial standards 
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The variation in the degree of varietal plant resistance observed at different times and 
sites suggests that plant resistance screening to moth borer needs to carried out over many 
crops (years) and over as wide a range of climatically and topographically different areas as 
possible before final resistance ratings can be achieved. 

Moth borer population dynamics 

Significant differences were found between the mean dead heart infestation levels at 
the four sites during most months (Table 1), but these differences were not the same each 
month. The monthly mean percent dead heart infestation for each site and the rainfall for 
the corresponding period are shown in Figure 1. All sites showed a sigmoidal pattern in the 
incidence of dead hearts with rapid increases occuring during the drought period April to 
August. During this period joint elongation was considerably slowed which may exagger-
ate the incidence of dead hearts since there is less joint tissue available for larvae to migrate 
and establish. On the other hand, these increases may not be due entirely to the increasing 
population growth of the pest since it is possible that the suppression of tiller growth by the 
drought conditions would result in reduced tiller numbers and hence exaggerate the percent 
dead hearts found. 

I I Rainfall Constant Todda 

Three Houses 1 flidg© 

Figure 1 The progression of dead heart infestation at four sites over the period March to 
October and the corresponding average rainfall for the period 
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The analysis of variance for joint infestation also showed significant differences be-
tween the four sites (F3,a= 178.34, PcO.OOl). Three Houses and Todds had significantly 
higher levels of infestation (28.6 and 16.2% respectively) from each other and from Con-
stant and Ridge which were not significantly different (6.7 and 10,5% respectively). 

The levels of joint infestation found at the four sites are of concern since they all ex-
ceed the accepted economic threshold level of 5%. It is hoped that these high levels of joint 
infestation are just as anomalous as the rainfall conditions under which the cane grew in 
1994 and that the two factors are somehow inter-related. 

The potential of resistant sugar cane cultivars for reducing sugar cane borer damage is 
well established (White and Hensley, 1987 citing Hensley and Long, 1969) but the tech-
niques to identify resistance are difficult to develop due to the complex nature of the rela-
tionship between the crop and the pest. In addition to the search for pest resistant varieties, 
the existing biological control programme for moth borer is currently being stengthened by 
the re-introduction of mass breeding and release of its larval parasitoid Cotesia flavipes. 

This research is ongoing and will be continued on successive ratoon crops of the trials. 
At its conclusion a clearer picture of the interactions between the pest and the varieties 
should emerge. Based on the results, an integrated pest management (IPM) programme for 
sugar-cane moth borer in Barbados could then be developed, the core components of which 
would be biological control and site specific varietal resistance. 
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HOST SPECIFICITY OF PUTATIVE ANTHRACNOSE TOXINS 
FROM Colletotrichum gloeosporioides 
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ABSTRACT 

Anthracnose of crop plants caused by the fungus Colletotrichum gloeosporioides (PENZ) 
is a common disease in the Caribbean. The fungus has caused considerable decline in crop 
output, notably productivity. Putative toxins were extracted from culture filtrates of the 
fungus isolated from diseased yam (Dioscorea alata L. cv. White Lisbon), coffee, and an-
thurium plants and tested on a number of plant genotypes. Partially characterized, putative 
toxins from yam isolates of the fungus induced typical anthracnose symptoms on yam, but 
not on citrus (Citrus spp. L.), mango (Mangifera indica L.), avocado (Persea americana 
Mill.), soursop (Anona muricata L.) and anthurium plants. Similarly putative toxins in-
duced foliar symptoms only on the respective host plant from which isolates were obtained. 
Furthermore, the viability of yam cell suspensions was also affected by the putative toxin. 

INTRODUCTION 

Anthracnose of yam (Dioscorea alata) caused by Colletotrichum gloeosporioides has 
been extensively documented since its first appearance in the 1960s, in the Caribbean 
(Gooding, 1960; Degras, 1993). Typical foliar symptoms appear as necrotic rust coloured 
or black irregular lesions, surrounded by a margin of chlorosis (Degras, 1983). The entire 
plant may become necrotic by the coalescence of spots. In the Caribbean, the yam cultivar 
White Lisbon is most severely affected by anthracnose (Purseglove, 1967), while cultivars 
such as Plfcmbite, Kinayabayo and Welch have been reported as tolerant (Degras, 1983; 
Simmons, 1993). 

Colletotrichum gloeosporioides is also responsible for several other anthracnoses on a 
range of tropical food crops (Sutton, 1992; Jefferies et al., 1992). This highly successful 
pathogen is found on such crops as avocado, mango, cacao, banana, sugar cane, coffee, 
pepper, tomato, and citrus. The variety of crops colonized by the fungus thus suggests a 
wide, non-specific host range. 

Singh and Prasad (1967) proposed the term C. gloeosporioides F. alatae to describe 
isolates of the fungus affecting yam. This proposal however is not supported by other 
researchers (Sutton, 1992; Simmons, 1993). However, genetic studies including restriction 
fragment length polymorphisms (RFLP's), randomly amplified polymorhic DNA (RAPD's), 
and polymerase chain reaction (PCR) amplification and sequencing of highly conserved 
genomic sequences of ribosomal and mitochondrial DNA supports the proposal for host 
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specificity in C. gloeosporioides (Mills et al., 1992; Sreevinasprasad et al., 1993; Alakahoon 
et al„ 1994; Sherriff et al., 1994). However, yam isolates of C. gloeosporioides were not 
included in these studies. 

Culture filtrates of plant fungal pathogens have been used to isolate phytotoxic com-
pounds of pathogenic origin (Strobel, 1982; Coleman, 1994). Several phytotoxic com-
pounds including polysaccharides, glycoproteins (Goodman, 1960; Anderson, 1978; 
Frantzen, 1982; Ahoussou, 1989) and terpenoids (Gobharaet al., 1978) have been extracted 
from culture filtrates of Colletotrichum from different host plants. Glycoproteins produced 
by yam isolates of C. gloeosporioides show specific toxicity towards yam (Ahoussou, 1989). 

Microbial toxins have been implicated in the induction of symptoms associated with 
plant diseases caused by phytopathogenic bacteria and fungi. Visible symptoms are nor-
mally characterized as necrosis, chlorosis and wilting. Generally, these toxins injure plants 
by inhibiting enzymes or altering permeability of cell membranes. The latter often results 
in electrolyte leakage. The present study reports on a phytotoxic nature of partially charac-
terized extracts obtained from yam culture filtrates of C. gloeosporioides from yam, coffee 
and anthurium. 

MATERIALS AND METHODS 

Isolation and culture of the pathogen 

Isolates of C. gloeosporioides were obtained from the yam cultivar White Lisbon in 
Barbados. C. gloeosporioides were isolated from White Lisbon by first excising leaf por-
tions bearing typical symptoms, These were then sur face-sterilized by washing in 95% 
ethanol for 15s, followed by sodium hypochlorite ( 1.25%) for 20 s and a final 5 s rinse in 
sterile distilled water (SDW). Leaf sections were then plated onto potato dextrose agar 
(PDA) and incubated for 3 d at 25 °C. C. gloeosporioides was then identified by typical 
conidial and mycelial morphology (Sutton, 1992). Fourteen other isolates from different 
host plants were provided by Dr L. O'Garro of the University of the West Indies, Cave Hill 
campus, Barbados. Single spore cultures of each isolate were obtained and stored on PDA 
slants at 4°C until needed. 

Precipitation of crude extract from culture filtrates 

Richard's media (400 mL) (Ahoussou, 1989) were inoculated with 0.5 mL conidial 
suspension ( 1x10^ conidia/mL) of C. gloeosporioides and incubated for 10-15 d on a shaker-
incubator (GFL-Gesellschaft fur Labortechnik, Germany) set at 25 "C and 200 rpm. The 
fungal culture was then centrifuged at 1,200 xg and 4 t for 15 min and the supernatant 
obtained pooled, lyophilized to 1/3 of its initial volume and then precipitated with 3 vol-
umes of cold acetone for 48 h at 4 °C. The precipitate obtained was air dried, weighed and 
stored at -20°C. 
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Purification of crude extract 

Aqueous solutions (O.lmg/L), of the precipitated extract were dialyzed against SDW 
for 24 h and then fractionated using a 1 -m column packed with Sephadex CL-6B. Samples 
(0.1 mg/L) of dialyzed extracts were loaded on the column, eluted with sodium acetate; sodium 
chloride (5 mM:50 mM) buffer and collected in 1-ml fractions. The fractions were ana-
lyzed colorimetrically (Dubois et al., 1956; Bradford, 1976) and those testing positive for 
carbohydrates and proteins were pooled and tested in this study. 

Cell suspension culture 

Cell suspensions of yam, pepper, tomato and tobacco were set up from callus cultures. 
Leaf expiants, from 2 to 3-week-old seedlings of pepper and tomato were surface-sterilized 
by first immersing in 70% ethanol for 2 min, followed by 5% sodium hypochlorite for 4-
7min and then rinsed five times in SDW. The expiants were then placed on solid Murashighe 
and Skoog's basal medium with Gamborgh vitamins (MS), amended with phytohormones 
to induce callusing (Ammirato, 1983; Dixon, 1985). For pepper the hormones used were 
2,4-dichlorophenoxyacetic acid (2,4-D) (3 mg/L) and kinetin (KI) (0.5 mg/L), (Arroyo, 
1991) while the tomato medium contained KI (2 mg/L) and 2,4-D (0.5 mg/L) (Hamza, 
1993). Yam leaf expiants were obtained from tissue cultured plantlets of D. alata and 
cultured on MS medium amended with 4 mg/L 2,4-D (Tor, 1991) 

Cell suspensions, were established by crushing 2-3 month-old friable calli in liquid MS 
medium, amended with phytohormones for each plan genotype as described above (Dixon, 
1985). Cell suspension (100 mL) were maintained on an orbital rotary shaker at 25 °C by 
subculturing every 10 d with fresh culture medium. 

Host treatment 

a) Visible foliar response 

Intercellular spaces of leaves were infiltrated with the original partially purified or 
boiled fungal extract (0.1 mg/L) using a sterile syringe (Swanson et al., 1988). Leaves 
serving as controls were similarly infiltrated with SDW or the growth medium (RM). Treated 
leaves were observed for visible foliar symptoms and the extent to which they were affected 
assessed as the portion of the leaf surface area covered by symptomatic tissue. Three leaves 
each from yam (White Lisbon), mango, citrus, avocado, anthurium and pepper and tomato 
were tested with extracts from two isolates of C. gloeosporioides from yam and one each 
from anthurium and coffee. 

b) Electrolyte leakage from cell suspensions 

Plant cell suspensions (5ml) were treated with 100 Kg of the partially purified fungal 
extract and electrolyte leakage determined by conductivity measurements at 5 min intervals 
over a 2-h time period at 25 "C using a conductivity meter (Cole Palmer Co., Ill, USA). Cell 
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suspensions of yam, pepper and tomato were each tested with extracts produced by C. 
gloeosporiodes from yam, coffee and anthurium. 

(c) Viability of host cell suspensions 

Aliquots (0.5 mL) of ten-fold dilutions of fungal extract ( 1 mg/L), were tested on yam 
cell suspension (1 mL) in a repli-dish. The viability of the cell suspension was assessed 
microscopically on a daily basis following treatment with fluorescein diacetate (FDA). Only 
yam cell suspensions, tested with extracts from C. gloeosporioides from yam and coffee 
were used in this experiment. This experiment was repeated three times. 

RESULTS 

Purification of fungal extracts by gel filtration column chromatography 

From the protein (Bradford, 1976) and carbohydrate (Dubois et al., 1956) assays, ten 
fractions ( 1 mL, each containing protein and or carbohydrate were obtained from the frac-
tionation of the fungal extracts. 

Host treatment 

(a) Visible foliar response to fungal extracts 

Necrosis was induced on yam within 36 h by partially purified extracts from yam iso-
lates of C. gloeosporioides but not on other host plants. The yam cultivar, White Lisbon 
was considerably more severely affected than Plembite (Table 1 ). Furthermore, necrosis 
appeared much later on the latter cultivar. Fungal extracts from isolates from yam, anthu-
rium and coffee induced necrosis only on their respective host plants from which the fungus 
was obtained. Generally, host plants were more seriously affected by crude extracts than 
the corresponding partially purified compound. Heat treated extracts failed to induce simi-
lar symptoms on all host plants investigated. 

(b) Electrolyte leakage from cell suspensions 

Fungal extracts induced electrolyte leakage from plant cells within 15 min (Table 2). 
However, the magnitude of electrolyte leakage from yam cell suspension was greater than 
that from pepper or tomato cell suspensions. Treated cell suspensions examined under the 
microscope had collapsed plasma membranes. 

(c) Viability of yam cell suspensions 

The viability of yam cells in suspension declined by 50% within 3-5 d after exposure 
to extracts from yam isolates of C. gloeosporoides. Viable cells gave a bright green fluores-
cence, while inviable cells appeared as dull yellow spots against a black background. Vi-
able cells were undetectable after 5 d. 
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Table 1 Extent of necrosis* induced by partially characterized 
extracts from C. gloeosporioides on eight plant genotypes 

Plant genotype 
Origin of fungal extract 

Plant genotype yam yam anthurium coffee 

Yam (White Lisbon) 86 69 0 0 
Yam (Plembite) 31 22 0 0 
Anthurium 0 0 35 0 
Pepper 0 0 0 0 
Mango 0 0 0 0 
Citrus 0 0 0 0 
Tomato 0 0 0 0 
Avocado 0 0 0 0 

*The extent of necrosis induced by fungal extracts was assessed as 
the proportion of leaf area covered by symptomatic tissue 

Table 2 Extent of electrolyte leakage induced by partially characterized 
fungal extracts from C. gloeosporioides 

Time (min) Conductivity «mho/cm 

Yam Pepper Tomato 

0 2.0 χ 103 1.2 χ 103 1.6 χ 103 

5 4.1 χ 103 1.5 χ 103 1.6 χ 103 

10 4.4 χ 103 1.5 χ 103 1.8 χ 103 

15 4.9 χ 103 1.7 χ 103 2.0 χ 103 

60 5.0 χ 103 2.0 χ 103 1.9 χ 103 

120 5.0 χ 103 2.0 χ 103 2.0 χ 103 

DISCUSSION 

The present study reports a phytotoxic property of partially purified extracts from cul-
tures of C. gloeosporioides obtained from yam, coffee and anthurium. This property was 
manifested by the loss of electrolytes from cell suspensions, reduced viability of cell sus-
pensions and the induction of necrosis on respective hosts. Furthermore, the extracts ap-
pear to be host-specific in activity. The host specific nature of toxins produced by C. 
gloeosporioides have been previously reported (Ahoussou, 1989). Initial studies on iso-
lates from several hosts, including yam, using RAPD primers also suggested that C. 
gloeosporioides exhibits significant host-specificity. 
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Putative toxins produced by C. gloeosporioides are comprised of polysaccharides with 
one or more protein moieties. Heat treatment significantly abolished phytotox icily, indicat-
ing that the protein components are essential for toxin activity. 

Host-specific Phytotoxins produced by C. gloeosporioides are expected to have utility 
as a selective agent for plant genotypes conferring resistance to anthracnose. The toxins 
can be used in this manner if toxin insensitive host cells are also resistant to infection by the 
fungus. We hope to use this approach to select transgenic yams encoding resistant genes lo 
anthracnose. 
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SHIFT FROM COPPER-RESISTANCE TO ZINC-RESISTANCE IN 
BARBADIAN POPULATIONS OF 

Xanthomonas campestris pv. vesicatoria, CAUSAL AGENT OF 
BACTERIAL SPOT OF PEPPER AND TOMATO 

Janil P. Gore and Leonard W! O'Garro 

Microbial Pathogenicity Research Group. Department of Biology, 
The University of the West Indies, P.O. Box 64, Bridgetown, Barbados 

ABSTRACT 

Research monitoring bacterial spot of pepper and tomato (caused by Xanthomonas 
campestris ρ v. vesicatoria) in Barbados over the past 11 years has shown a shift from cop-
per-resistance to zinc-resistance in the pathogen population. This observation parallels a 
change from copper to zinc formulations as the main chemical control agents of bacterial 
spot. This paper addresses a strategy for chemical control of bacterial spot. 

INTRODUCTION 

Tomato (Lycopersicon esculentum Mill.) and pepper (Capsicum annuum L.) output in 
the Caribbean is greatly limited by bacterial spot caused by Xanthomonas campestris pv. 
vesicatoria (Doidge)Dye. The disease is caused by races 1,2,3 and 4 of the pathogen (Ward 
and O'Garro, 1992; O'Garro and Tudor, 1994), each capable of overcoming specific dis-
ease resistance genes in the host (Minsavage et al., 1990; O'Garro and Tudor, 1994). 

From inception, standard methods of bacterial spot control in Barbados utilized sprays 
of copper and/or zinc formulations (O'Garro and Wand, 1989; Ward and O'Garro, 1992) 
and over the last 11 years, the response of the bacterium was investigated. In 1984 the 
bacterium was overwhelmingly sensitive to zinc but copper-resistant (O'Garro and Ward, 
1988), This observation immediately led to widespread use of zinc-based bactericides for 
bacterial spot control and by 1989 the frequency of zinc-resistance in the pathogen popula-
tion had increased significantly while the incidence of copper-resistance decreased from 
100 to 60% (Ward and O'Garro, 1992). 

Studies on the genetic basis of copper resistance in X. c. ρ v. vesicatoria have shown 
that resistance is plasmid-bome (Stall et al., 1986; Cooksey, 1990; O'Garro and Durant, 
1993), Presently the genetic basis of zinc resistance in the bacterium is unknown. The 
present study reports further on the response of X. c. ρ v. vesicatoria to copper and zinc and 
proposes a strategy for chemical control of bacterial spot. 
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MATERIALS AND METHODS 

Isolation and identification of pathogen 

Typical disease lesions were excised from bacterial spot-infected fruits and leaves of 
pepper and tomato plants obtained from various farms in Barbados. Lesions were surface-
disinfected by dipping in solutions of ethanol (95%) followed by sodium hypochlorite 
(1.25%) for 2 and 10 sec, respectively. Surface-disinfected lesions were then rinsed in 
sterile distilled water (SDW) and homogenized in SDW (100 μΐ) using an ethanol-sterilized 
mortar and pestle. Loopfuls of the homogenate were streaked onto Tween 80 agar plates for 
selection of X. c. pv. vesicatoria. Presumptive colonies of X. c. ρ v. vesicatoria obtained 
were subcultured onto nutrient yeast-extract glycerol agar (NYGA) and later stored at -20 
°C suspended in nutrient yeast-extract glycerol broth (NYGB) amended with 20% glycerol 
until required. A random sample comprising 10% of strains of presumptive X. c. pv. 
vesicatoria was tested for xanthomonadins (Schaad and Stall, 1988). 

Test for sensitivity to bactericides 

X. c. ρ v. vesicatoria was tested for sensitivity to copper and zinc by preparing a bacte-
rial suspension (10s cells/ml) in aqueous solutions of CuS04.5H20 and ZnS04.7H,0, re-
spectively, and then plating aliquots (3 μΐ) in duplicate onto NAor NYGA after 2 h incuba-
tion at 25 °C. Solutions of CuS04.5H20 and ZnS04.7H20 were used at concentrations of 
50, 200, 300, 400 and 500 μg/ml. Strains of X. c. ρ v. vesicatoria producing confluent 
growth on NA or NYGA within 5 d after treatment with the copper and zinc salts at concen-
trations of 200 μg/ml or greater were considered resistant to copper and zinc, respectively. 

RESULTS 

Five widely distributed pepper and tomato farms infested with bacterial spot were sur-
veyed and an average of 353 strains from each were randomly selected and tested. All 
strains tested were positive for the presence of xanthomonadins. The frequency of resis-
tance to zinc or copper in the pathogen population varied with the farm. The frequency of 
copper-resistance varied from 22.9 to 67.6% while the incidence of resistance to zinc ranged 
from 97.1 to 100%. Of the strains of the bacterium tested, 53.5% and 97.8% were resistant 
to copper and zinc, respectively (Figure 1 ) and 53.5% were unrestricted by both compounds 
when combined. 

DISCUSSION 

The switch from almost exclusive dependence on copper to frequent use of zinc for 
bacterial spot control in pepper and tomato in Barbados has resulted in changes in the re-
sponse of the pathogen to these two chemicals (Figure 1 ). Reduction in use of copper-based 
bactericides is associated with a considerable decrease in the frequency of copper-resistant 
strains of X. c. pv. vesicatoria. Studies have shown that in the absence of copper in growth 
media, copper-resistant strains of X. c. pv. vesicatoria reverted to copper-sensitivity at high 
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frequencies (O'Garro and Durant, 1993). The reversion was linked to loss of plasmids 
encoding copper-resistance (O'Garro and Durant, 1993). 

Widespread use of zinc-based bactericides over the past decade to control bacterial 
spot induced by copper-resistant strains of X. c. ρ v. vesicatoria in Barbados has led to a 
prevalence of zinc-resistance in the pathogen population. 

A typical farm. National Hatcheries, is a case in point. Over the past decade, this farm 
has been constantly monitored for changes in response of X. c. pv. vesicatoria to sprays of 
copper and zinc bactericides. In 1985, strains tested showed a 100% incidence of copper 
resistance. In contrast all strains were sensitive to zinc (O'Garro and Ward, 1988). By 1991 
the incidence of copper-resistance declined to 61% while the frequency of zinc-resistance 
increased to 82% (O'Garro and Ward, 1991; Ward and O'Garro, 1992). Presently copper-
resistant strains of the bacterium account for 68% of the pathogen population while the 
frequency of zinc-resistance is 98%. 

100 

1984-87 1988-91 1993-95 

Time (years) 

Figure 1 Frequency of resistance of copper and zinc m in samples of 
Xanthomonas campestris pv. vesicatoria in Barbados tested over an llyr 
period 
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Copper-based bactericides appear to have utility for bacterial spot control on account 
of the instability in the copper-resistant trait observed in X. c. pv. vesicatoria (O'Garro and 
Durant, 1993). It may be possible to exploit this instability for disease control. In this 
approach, pepper and tomato fields infested predominantly with copper-resistant strains of 
the bacterium will be removed from treatment with copper bactericides thus allowing strains 
to revert to copper-sensitivity. Copper bactericides could then be used for control of bacte-
rial spot caused by copper-sensitive strains of X. c. pv. vesicatoria. This approach to dis-
ease control is a novel one and promises to enhance the effectiveness of chemical control 
and reduce the cost of chemical control and the release of toxic compounds to the environ-
ment. We are presently implementing this approach as a strategy for bacteria] spot control. 
We are also investigating the genetic basis of zinc-resistance in X. c. pv. vesicatoria to 
determine whether similar instability in zinc-resistance exists. 
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EFFECT OF TEMPERATURE ON THE POTENTIAL OF THREE 
HETERORHABDITID NEMATODES FROM THE CARIBBEAN 
BASIN AND NORTH AMERICA AS BIOLOGICAL CONTROL 

AGENTS OF THE SWEET POTATO WEEVIL, Cylas 
formicarius(Fabricius) (Coleoptera: Apionidae) 

Janet L Lawrence', Richard K. Jansson : and Carl S. Barfield -

Caribbean Agricultural Research and Development Institute, Jamaica. 
1 University of Florida, USA 

ABSTRACT 

Two heterorhabditid entomopathogenic nematode species from the Caribbean 
(Heterorhabditis sp. Dl - JAM34, Heterorhabditis sp. - El Yunque) and one heterorhabditid 
nematode from North America (H. bacteriophora, HP88) were evaluated for their ability lo 
survive in soil at temperatures between 11 and 35 "C and subsequently infect and reproduce 
in late instar larvae of the sweet potato weevil, Cylas fortnicarius (Fabricius) (Coleoptera: 
Apionidae). The tolerance of the three nematode species to soil temperature appeared to be 
related to their climatic origin. One of the species from the Caribbean, Heterorhabditis sp. 
D1 strain (JAM34), was more tolerant of warmer temperatures than the North American 
nematode H.bacteriophora HP88 strain. HP88 was also better adapted to cooler tempera-
tures than JAM34. Heterorhabditis sp. El Yunque, a novel species, was isolated from higher 
elevations (600 m) in Puerto Rico and was least tolerant to test temperatures. These data 
indicate that interspecific differences may occur among heterorhabditid species in their 
tolerance to soil temperatures. The importance of these data in developing an integrated 
pest management strategy for the sweet potato weevil in the Caribbean is discussed. 

INTRODUCTION 

Sweet potato, Ipomoea batatas Lam., is an important source of food and an income 
generator for many small farmers within the Caribbean. One of the major constraints of its 
production is the sweet potato weevil, Cy I as formica rius (Fabricius) (Coleoptera: Apionidae). 
Losses as high as 50% of harvested roots have been observed (unpublished data). The cryp-
tic nature of weevil life stages that develop and feed within sweet potato roots and vines has 
made management of this pest with chemical insecticides ineffective. Moreover, cultural 
practices which have been recommended for weevil management have not been adopted by 
farmers as they find these techniques time consuming, labour-intensive and costly. As a 
result, appreciable losses in yield and revenue continue to occur. 

As export markets for sweet potato expand, local farmers are being encouraged to 
increase their production of sweet potato and to make the transition from small subsistence 
farming to large producers and/or exporters of the crop. Thus the need exists to develop a 
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low-input pest management programme which is cost-effective, environmentally safe and 
suitable for farmer adoption. 

Recently, new biological approaches to manage the weevil have been explored, includ-
ing the use of steinemematid and heterorhabditid entomopathogenic nematodes. In labora-
tory and field evaluations, these nematodes have suppressed weevil populations and re-
duced root damage and are therefore considered potential biological control agents for the 
sweet potato weevil (Jansson et al., 1990; Mannion and Jansson, 1992, 1993). 

For entomopathogenic nematodes to be effective at managing weevil infestations, third 
stage juveniles 'infectives' must move through the soil environment, enter infested roots 
and infect weevils (Mannion and Jansson, 1992). Within the soil environment infective 
juveniles are subjected to a wide range of temperatures which affect their efficacy. The 
tolerance of infective juveniles to temperature varies with species and/or strain (Molyneux, 
1985, 1986; Kung et al., 1991) and as such, before field applications are conducted the 
tolerance of infective juveniles to various temperatures needs to be determined, so that 
nematode species/strains best suited to withstand the soil conditions at the site of introduc-
tion are selected. This study was therefore undertaken to determine the short term survival 
of two heterorhabditid nematodes from the Caribbean Basin and one heterorhabditid from 
North America in soil at various temperatures and their subsequent infectivity and repro-
duction in sweet potato weevil larvae. 

MATERIALS AND METHODS 

The selection of the three heterorhabditid nematodes for this study was based on their 
climatic origins and species characterization (Table 1). Nematodes were reared on greater 
wax moth, Galleria mellonella (L.), larvae as described by Woodring and Kaya (1988). 
Infective juveniles less than 10 days old were used in all experiments. 

Table 1 Sources of heterorhabditid nematodes 

Climatic origin Neotropical Neotropical Temperate 

Species Heterorhabditis Heterorhabdits Heterorhabdits 
sp. D1 sp. D1 bacteriopkora 

Species group I m 
Isolate/strain JAM34® El Yunque" HP88" 
Origin White Horses, Palmer, Puerto Utah, USA 

Jamaica Rico (Poinar, 1991) 
EE" 0.54 0.47 0.73 

Nematodes were isolated from soil baited with Galleria mellonella larvae 
hOrginally obtained from a commercial source (Biosys Inc. Palo alto, CA) 
'EE, mean extraction efficiency; total number nematodes recovered/total number nema-
todes applied (Kung et ai, 1990) 
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Sweet potato weevils were originally obtained from a laboratory colony at the Univer-
sity of Florida, Tropical Research and Education Center (TREC), Homestead. Weevils were 
reared on 'Jewel' sweet potato as described by Jansson and Hunsberger (1991). 

This experiment modified the methods of Kung et ai. (1991 ). Polyvinyl chloride (PVC) 
pipe sections (4 cm diam. χ 5 cm length) were filled with 50 g of gravelly loam soil which 
was sieved (2 mm mesh sieve), dried at 120 °C for 24 h and moistened with 1,5 mL of 
sterilized water, PVC pipe sections were sealed with parafilm and placed in humidity cham-
bers to minimize water loss. Plastic boxes (16.5 χ 31 χ 8.5 cm) filled to a depth of 2.5 cm 
with deionized water served as humidity chambers. Soil-filled pipe sections were placed 
1.5 cm above the water on a hardware cloth table (15 χ 29 cm) within the plastic boxes. 
Humidity chambers were sealed and placed in environmental chambers at 11, 18, 26, 30, 
and 35 ± 2 °C and 60% R.H. for 24 h to equilibrate. Boxes were then removed and 3,200 
infective juveniles suspended in 1,5 mL of distilled water added to each pipe section; pipe 
sections were resealed with parafilm and returned to their respective chambers. Infective 
juvenile survival, infectivity, and reproductive potential were determined after 1,2,4, and 8 
wk. Each nematode χ temperature χ time combination was replicated six times. 

A centrifugal flotation technique was used to extract nematodes from the soil (Kung et 
al., 1990). Soil from each plastic pipe section was placed in a 1000-mL beaker and filled 
with 700 mL of deionized water. The soil suspension was allowed to settle for 10 min, 
rinsed once through a series of mesh sieves (25, 150, 300 μπι openings) and the filtrate 
collected in six 15-mL centrifuge tubes. Tubes were spun at 4,800 rpm for 10 min and the 
supernatant discarded. Ten millilitres of a sucrose solution (453 g/L distilled water) was 
added to each centrifuge tube, vortexed for 1 min, and recentrifuged at 3,840 rpm for 5 min. 
The supernatant from each tube was poured into a 100-mL graduated cylinder and diluted 
with distilled water; a 2-mL aliquot was removed and further diluted with distilled water. 
The numbers of viable infective juveniles within the suspension were then counted. 

The extraction efficiency of each nematode was determined by comparing the total 
number of nematodes recovered from a sample to the number of nematodes applied 
(Table 1). For each nematode, six extractions were conducted to determine efficiency. 
Percentage survival of each nematode was calculated by the following equation (Kung et 
al., 1991): 

Number of viable nematodes extracted 
Number of nematodes inoculated χ mean extraction efficiency 

Nematode-inoculated soil was removed from three PVC pipes and poured into Petri 
plates (9cm diam). Nematodes were reconstituted by adding 3 mL of deionized water to 
each plate and then incubated at 26 "C. After 24 h, the soil was mixed and 20 late instars of 
sweet potato weevil placed in the centre of each dish. In the remaining three soil samples, 
eight G. mellonella larvae were added to the plates to confirm the presence of viable infec-
tive juveniles. Dishes wtere covered and incubated for 7 days in the dark at 26 °C and 60% 
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RH. Nematode-killed larvae were determined by the cadaver colours brick-red, brown, green-
brown, and green. 

Nematode-infected weevil cadavers were removed from the soil and placed in modi-
fied White traps (Mannion and Jansson, 1992). Twenty days after larvae were introduced 
into modified White traps the numbers of cadavers producing progeny and the numbers of 
infective juveniles produced per cadaver were recorded. For each nematode species, repro-
ductive potential was determined by counting the progeny from no more than 20 nematode-
killed cadavers randomly selected from the infectivity samples. If the the number of nema-
tode-killed cadavers was less than 20 then progeny from all cadavers wascounted. Sample 
sizes ranged between 3 and 20 cadavers. 

All data sets were analyzed by analysis of variance (ANOVA) (Sokal and Rolf, 1981) 
and means were separated by Tukey's Studentized Range Test (Tukey, 1953). 

RESULTS 

In the absence of an insect host, there was a significant interaction between tempera-
ture and incubation time for all heterorhabditid nematodes (F = 4.95; df= 24; Ρ < 0.0001). 
In general, significant differences were observed among the nematodes in their abilities to 
withstand temperature conditions (F > 5.69; df = 2,15; Ρ < 0.05) (Figure 1). 

S » 

11 °c 18 °C 16 °C 

Time/ weeks Time/ weeks Time/ weeks 

30°C 35 °C 

S » 

Time/ weeks 

Figure 1 The effect of temperature on the survival of Heterorhabditis sp. Dl JAM34 ( • ) , 
Heterorhabditis sp. El Yunque (*), and H. bacteriophora HP88 ( • ) 
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The numbers of infective juveniles surviving declined over time for all nematodes. 
JAM34 achieved optimal survival at 26 °C followed by 18 and 30 °C. Poor survival was 
recorded at 35 °C; the cool temperature of 11 °C was lethal to infectives. In contrast, HP88 
survived best at 26 °C followed by 18°C; poor survival occurred at the extreme tempera-
tures, 11,30, and 35 °C. Percentage survival of El Yunque was lower than that for HP88 and 
JAM34, and never exceeded 53%; survival of El Yunque was also highest at 26 °C. Incu-
bation of El Yunque at temperatures of 11, 30, and 35 °C was lethal to infectives after 2 
weeks. 

Infectivity of the three heterorhabditid nematodes to the sweetpotato weevil was sig-
nificantly affected by temperature and time interactions (F = 3.12; df = 24; Ρ < 0.0001 ) and 
closely followed the trends observed for survival (Figure 2). Within most temperature/time 
regimes, significant differences in the infectivity were observed among nematodes (F > 
8.21 ; df = 2,6; Ρ < 0.05). JAM34 infected most weevil larvae at 26 °C followed by 18, 30 
and 35 °C; no infection occurred at 11 °C. HP88 and El Yunque were most infectious at 26 
and 18 °C and least infectious at 30 and 35 °C. A temperature of 11 °C was lethal to El 
Yunque and no infection occurred. However, considerable infection by HP88 occurred at 
11 °C. At 18 °C, HP88 was more infectious than El Yunque. Similar trends in parasitism 
were observed between sweet potato weevil larvae and wax moth larvae. 

Reproduction occurred over the same temperature range as infectivity; however, not 
all nematode-infected sweet potato weevil cadavers produced infectives. For all the nema-
todes, no clear trends in the percentage cadavers producing infectives were observed at the 
test conditions (Table 2). Temperature significantly affected the number of progeny pro-
duced within weevil cadavers (F = 13.37; df = 5; Ρ < 0.0001). At a few test conditions, there 
were significant differences in the numbers of infectives produced among the nematodes (F 
> 4.53; Ρ < 0.05); however, no clear trends were observed in the numbers of infectives 
produced under each temperature/time regime. Progeny production within sweet potato 
weevil cadavers ranged from 8 to 7,790, 7 to 9,003, and 7 to 10,008 infectives for El 
Yunque, HP88, and JAM34, respectively. 

DISCUSSION 

Infective juveniles rely on their food reserves to provide energy to seek and infect hosts 
and subsequently reproduce within host cadavers. Temperature influences the motility of 
infectives and consequently the rate at which their food reserves are utilized (Molyneux, 
1985). Many nematodes, in order to survive changes in environmental temperatures adjust 
their metabolic activities by entering a state of dormancy or modifying their behaviour (Lee 
and Atkinson, 1977; Ishibashi and Kondo, 1990). Thus, differential tolerance of 
heterorhabditid species JAM34, El Yunque and HP88 to soil temperatures of 11 and >30 °C 
may have been due to differences in strategies employed by infectives to survive. The poor 
survival of the nematodes at high temperatures may have been due, in part, to the increased 
motility and respiration of infective juveniles resulting in the rapid depletion of their food 
reserves (Burman and Pye, 1980; Kaya, 1990 and references therein). Moreover, at high 
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temperatures (35 °C), the soil moisture content may have been reduced resulting in desicca-
tion and death of infective juveniles. 

Several studies have shown that moisture is critical for infective juvenile survival and 
infectivity (Schmidge, 1963; Molyneux and Bedding, 1984). 

Differential progeny production under different temperature conditions may have been 
due in part to the growth rate of the bacterial symbiont, Photorhabdus luminescens. Wright 
(1992) investigated reproduction of steinernematids and heterorhabditid s at cool tempera-
tures and found that their ability to reproduce was related to the growth rate of the bacterial 
symbiont. 

11 "C ι t°c 

26"C 30-c 

35 °C 

c 0 !00 
S w Β go 

"5 If 60 
e V •d 40 
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Figure 1 The effect of temperature on infectivity the of Heterorhabditis sp. Dl JAM34 
(•), Heterorhabditis sp. El Yunque (*), and H. bacteriophora HP88 ([3) to late 
instar sweetpotato weevil, C, formicarius 
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Table 2 Percentage nematode-killed sweetpotato weevil, Cylas formicarius, larval 
cadavers producing infectives under various incubation conditions 

Nernatode-killed cadavers producing infectives 
Temperature fC) Time (weeks) HP88I El Yunque JAM34 

11 1 89.1 59.2 * 

2 100.0 * * 

4 88.9 * * 

8 87.5 * * 

18 1 80.3 100.0 82.2 
2 36.5 92.6 68.1 
4 100.0 100.0 100.0 
8 * * 74.0 

26 1 62.5 70.9 91.2 
2 77.0 100.0 66.6 
4 92.6 100.0 39.6 
8 61.8 87.5 72.0 

30 1 83.8 66.7 94.1 
2 82.7 * 42.2 
4 * * 36.0 
8 * * 62.0 

35 1 100.0 * 86.7 
2 * * * 

4 * * * 

8 * * * 

1 HP88, Heterorhabditis bacteriophora; EI Yunque, Heterorhabditis sp. Dl; JAM34, 
Heterorhabditis sp. Dl 
* no nematode-killed cadavers were recorded under incubation conditions 

Moreover, temperature may have affected the bacterial phase present within weevil cadav-
ers and concomitantly affected infective juvenile production. A further possible source of 
variation in infective juvenile production may have been thermal damage to the reproduc-
tive organs of the nematode vector and/or the bacterial symbiont at the highest tempera-
tures. Kaya (1977) reported that S.carpocapsae developed but did not reproduce when cul-
tured at 30 "C. He suggested that the lack of reproduction may have been due to the lack of 
viable sperm and ova in the nematode. 
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Differential tolerance of nematodes to environmental temperatures has been related to 
their climatic origin or habitat (Molyneux, 1985; Kung et al., 1991). The temperature-
related differences in survival and infectivity among the three heterorhabditid species may 
therefore be due, in part, to adaptations to the climatic conditions of the habitats of these 
nematodes (Molyneux, 1985). The warm climatic conditions of the Caribbean probably 
influenced the higher levels of survival and subsequent infectivity, and reproduction of 
JAM34 at warm temperatures. HP88, which was isolated from a cooler region (Utah, USA) 
may have been better adapted to survive, infect, and reproduce at cooler temperatures. Al-
though El Yunque was isolated from the tropics, it was poorly adapted to withstand the 
warmer temperatures (30 and 35 °C). JAM34 was isolated adjacent to a beach and EI Yunque 
was isolated at approximately 600 m elevation. These observations might suggest that El 
Yunque occupied a niche which had a cooler temperature range than JAM34. 

Consistent with earlier studies (Jansson et al., 1990;Mannion and Jansson, 1992,1993), 
H. bacteriophora HP88 is a potential biological control agent for the sweet potato weevil. 
Heterorhabditis sp, D1 isolate JAM34 also appears to be a potential biological control agent 
for this pest. The deleterious effects of low temperatures on infectives of Heterorhabditis 
sp. Dl (JAM34) suggest that this nematode should not be introduced in locales experienc-
ing low temperatures. In contrast, the tolerance of HP88 to low temperatures and partial 
tolerance to warm temperatures suggests that this nematode may be effective in areas expe-
riencing cool and moderately warm temperatures. The short term and low levels of persis-
tence of El Yunque coupled with its reduced virulence observed in an earlier study suggest 
that El Yunque would not be a good biological control agent of C. formicarius. 

The results of the present study suggest that Heterorhabditis sp. D1, J AM 34 should be 
considered as a potential biological control tactic in designing an integrated pest manage-
ment (IPM) programme for the sweet potato weevil within the Caribbean. However, for the 
full potential of J AM 34 to be realized in an IPM programme, investigations of the interac-
tions of temperature with other abiotic factors (moisture, pH, chemistry of the soil solution, 
soil texture) which affect nematode persistence should be conducted (Kaya, 1990 and refer-
ences therein). Moreover, the compatibility of these nematodes with other control tactics 
currently being employed (e.g. cultural practices, female weevil sex pheromone, chemical 
treatment of planting materials) should be evaluated so that a combination of tactics which 
effectively reduce weevil populations below an economic injury level can be selected. 
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MODELLING THE WATER BALANCE OF CUT 
ANTHURIUMS IN STORAGE 
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ABSTRACT 

Expérimental trials were conducted to investigate the basic components of water bal-
ance (water uptake, transpiration, water accumulation) and their relationship to senescence 
and vase life in cut anthuriums stored under ambient and refrigerated conditions. Anthuri-
ums were held in distilled water and stored under ambient conditions (28 °C; rh 60-80%) 
and in refrigerated storage chambers set at 18, 13 and 8 °C (rh 80-90%) for a maximum of 
30 days. Water uptake, transpiration, water accumulation, flower fresh weight, moisture 
content and keeping quality (determined through spathe blueing, spathe gloss, spadix ne-
crosis and abscission) were monitored at 5-day intervals. Storage of anthuriums in water at 
18 and 13 °C extended shelf-life. The changes in water uptake, transpiration, 
transpiration:uptake ratio, fresh weight and moisture content were accurately described by 
logarithmic, exponential and inverse quadratic models. Post-harvest life was directly re-
lated to flower turgidity and the rate of water accumulation, which was dependent on the 
balance between the rates of uptake and transpiration. 

INTRODUCTION 

Water balance, a term used to describe the relationship between water uptake and tran-
spiration, is a major factor affecting the longevity of cut flowers as the most common rea-
son for the termination of vase life is wilting and not natural senescence (Halevy, 1976). 
Many authors have studied the different aspects of the water relations of the cut flower. The 
bsic parameters commonly investigated are water uptake, transpiration and flower fresh 
weight. Generally both water uptake and transpiration are initially high and then decline 
with storage time (Durkin and Kuc, 1966; Marousky, 1969; Burdett, 1970; Carpenter and 
Rasmussen, 1973; Mayak et al., 1974; Halevy, 1976; Pauli and Goo, 1985). The initial rapid 
uptake of water follows the release of the normal tension in the xylem vessels when the 
stems are reçut in air (Van Meeteren, 1992) and the subsequent reduction has been attrib-
uted to many factors including air embolisms, microbial plugging and physiological plug-
ging (Halevy and Mayak, 1981 ), Transpiration is influenced by the water uptake capacity of 
the flower, the surface area: volume ratio and the surface coating of the flower, as well as by 
environmental factors such as air temperature, humidity and air velocity. When the rate of 
transpiration exceeds that of water uptake, a water shortage occurs and the cut flower will 
wilt, "typically, flower fresh weight initially increases and subsequently decreases, and or 
most flowers, vase life is terminated when the flower weight decreases to 10% below the 
original fresh weight (Rogers, 1963; Coorts et al„ 1965; Mayak et al., 1974). 
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The objectives of this present work were to investigate the basic components of water 
balance (water uptake, transpiration, water accumulation) and their relationship to senes-
cence and vase life in cut anthuriums stored under ambient and refrigerated conditions and 
to describe the changes in the various parameters using mathematical models. The anthu-
rium (cv. Trinidad Pink) was chosen as a flower 'model' as it is commonly grown and easily 
available, long lasting, and of increasing demand on both the local and foreign market. 

MATERIALS AND METHODS 

Anthurium flowers (cv. Trinidad Pink), were obtained from a commercial cut anthu-
rium producer in Lalaja, Trinidad. Undamaged flowers that were at least three-fourths ma-
ture - based on the percentage of open flowers on the spadix (Pauli, 1982) - were cut to a 
length of 30 cm and placed singly in plastic bottles containing distilled water. The mouth of 
each bottle was sealed with waterproof parafilm to ensure that water loss occurred only via 
the flower. Bottles were placed in refrigerated storage chambers set at 8, 13 and 18 °C (rh 
80-90%), as well as under ambient conditions (28 °C, rh 60-80%) for a maximum of 30 
days. 

At the start of the experiment and at 5-day intervals the following were measured: 
(a) weight of bottle + water + flower (g) 
(b) weight of bottle + water without flower (g) 
(c) weight of the flower only (g) 

From the change in weight between two consecutive measurements, divided by the 
number of hours during that interval, the rate of water uptake, transpiration and water accu-
mulation were calculated (Halevy et al., 1974). The difference between consecutive weighings 
of (a) was used to calculate transpiration (T). The difference between consecutive weighings 
of (b) was used to calculate water uptake (U). Changes in flower fresh weight (c) were 
expressed as a percentage change over the initial weight. Changes in flower fresh weighl 
were attributed to the accumulation or loss of water, thus, the difference between consecu-
tive weighings was used to calculate water accumulation (A). All rates were expressed in % 
water/cm2 spathe per hour. From a strictly physical concept of water balance, it is possible 
to relate the rates as follows:-

Uptake rate = Transpiration rate + Accumulation rate (1) 

Since the relationship between transpiration and water uptake is an important consider-
ation in cut flower life, it follows by extension from Equation ( 1 ): 

Transpiration rate = 1 - Accumulation rate (2) 
Uptake rate Uptake rate 

Spathe areas were determined using an automatic areameter (Tokyo Hayashi Denke 
Ltd., Type AAM5). Moisture content, expressed as percentage of dry weight, was deter-
mined after a 48-h oven drying of the tissue at 65 DC (Pauli and Goo, 1985). Vase life and 
keeping quality were evaluated by monitoring spathe blueing, spathe gloss and spadix 
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senescence following the procedure developed by Pauli (1982). Marketability and percent 
abscission were also assessed. The data were evaluated using statistical programs (Com-
parison of Linear Regressions COLR and ΜΙΝΊΤΑΒ Data Analysis Software) to determine 
the effect of time and temperature on the various post-harvest changes in the stored anthu-
riums. 

RESULTS AND DISCUSSION 

Keeping quality 

Based on the visual assessment of flower quality, storage temperature was found to 
have a dramatic effect on the keeping quality of cut anthuriums (P < 0.001) as the use of low 
temperatures such as 18 and 13 °C delayed the development of common symptoms of se-
nescence such as spathe blueing, loss of spathe gloss and spadix dehydration. The shelf-life 
of flowers stored under ambient conditions averaged 15 days while flowers stored at 18 °C 
were marketable after 25 days. Flowers stored at 13 °C seemed slightly deteriorated after 30 
days but were still marketable. Flowers stored at 8 °C rapidly deteriorated at this chilling 
temperature, developing a dull, brown unattractive colour beyond 10 days of storage. 
Rates of water uptake and transpiration 

As shown in Figure 1 and Figure 2 water uptake and transpiration rates were initially 
high then declined rapidly during the first 5 days, after which the rate of decline was re-
duced. The decline in water uptake and transpiration rates were found to be accurately 
described by a logarithmic model of the general form: 

y = a + b log(t) (3) 

where y represents rate of water uptake or transpiration, t represents storage time, a 
represents the intercept on the y axis or initial rate, and b is the slope which represents the 
rate of change in water uptake or transpiration. This means that plots of rates versus the log 
of storage time gave straight lines. Water uptake rates were significantly (P < 0.001) af-
fected by storage time at 28, 18, 13 and at 8 °C. Transpiration rates were significantly 
affected by storage time at 28 °C (P< 0.01), at 18 °C (P < 0.001), at 13 °C (P < 0.001) and 
at 8 °C (P < 0.05). 

Storage time (days) 

Figure 1 Water uptake rates of stored anthuriums 
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Logarithmic regressions : 
28 °C: dU/dt = 7.5370e"4 - 4.0008e 3 * log(t) r2= 0.995 
18 °C: dU/dt = 7.3484e"4 -4.3050e"3 * log(t) r2 = 0.993 
13 °C: dU/dt = 7.0477e"4 - 4.4601e"3 * log(t) r2 = 0.969 
8 °C: dU/dt = 6.6206e 4 - 5.2150e3 * log(t) r2 = 0.919 

Storage time (days) 

Figure 2 Transpiration rates of stored anthuriums 

Logarithmic regressions : 
28 °C: dT/dt = 6.6627e"4-2.6976e"4 * log(t) r2 = 0.965 
18 °C: dT/dt = 6.3196e"4-3.1433e"4 *log(t) r2 = 0.959 
13 °C: dT/dt = 6.2473e"4 - 3.7971e"4 * log(t) r2 = 0.983 
8 °C: dT/dt = 5.8648e"4 - 4.5249e"4 * log(t) r2 = 0.919 

Water uptake and transpiration rates were also significantly affected by storage tem-
perature (P < 0.001). As the storage temperature was lowered, the rates were reduced. Low-
ering the temperature of the environment reduces its evaporative demand thereby reducing 
transpiration, and also reduces the temperature of the water thereby resulting in the more 
rapid removal of entrapped air and facilitating undisturbed water uptake (Van Meeteren, 
1992). Decreasing the storage temperature from 28 to 8 °C did not alter the general pattern 
of decline in water uptake or transpiration, but did reduce the actual rates, and this is re-
flected in a reduction of intercept values. 
Flower fresh weight 

Figure 3 shows the changes in fresh weight of anthuriums with time and temperature 
calculated as a percentage change over the initial weight. In general, anthuriums showed an 
initial increase in flower fresh weight, and with the exception of flowers stored at 13 °C, 
this increase was followed by a decline as the storage period increased. In order to math-
ematically describe the change in flower fresh weight, various relationships were tested and 
an inverse quadratic model (Mead and Curnow, 1983) was found to be most accurate: 

t/FW = a + bt +ct2 (4) 
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This model produces a non-symmetrical curve where c * 0, and permits only positive 
values of fresh weight if a, b, and c are positive. The ratio of a to b describes the form of the 
rising portion of the curve, and the ratio of b to c the form of the falling portion. Also, the 
maximum fresh weight value occurs at time V(a/c). Flower fresh weight was found to be 
significantly affected by storage time (P S 0.001) and storage temperature (P< 0.01). 

Water accumulation rate 

Figure 4 shows the changes in the rate of water accumulation (calculated from the 
change in flower fresh weight) of anthuriums stored at 28,18,13 and 8 °C. Flowers rapidly 
accumulated water at an initial average rate of 1.244 χ 104 g H20/cm2 spathe per h. After 5 
days and at all temperatures, the rate of accumulation declined. With the exception of flow-
ers stored at 13 °C, water accumulation rates declined further with increased storage. 

Storage lime (days) 

Figure 3 Fresh weight changes in stored anthuriums 

Inverse quadratic regressions: 
28 °C: (t/FW) = 1.9164e3 - 8.0327eJt + 1.3360e~4t2 r2 = 0.999 
18 °C: (t/FW) = 1.1885e 3 - 8.7654e 51 + 8.0446e ¥ r2 = 1.000 
13 °C: (t/FW) = 1.8933e"3 - 9.6458e3t + 5.7508e 6t2 r2 = 1.000 
8 °C: (t/FW) = 5.6432e~3 - 8.7773e ,t + 1.5143e-"t2 r2 = 1.000 

Storage time (days) 

Figure 4 Water accumulation rates of stored anthuriums 
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Moisture content 

Moisture content followed a similar pattern as that of fresh weight; increasing to a 
maximum early in post harvest life then declining (Figure 5). An inverse quadratic polyno-
mial was therefore also used to model the change in moisture content with storage time. The 
moisture content of anthuriums was significantly (P < 0.001) affected by storage time at 28, 
18, 13 and at 8 °C. 

Water balance and transpiration:uptake ratio 

Water accumulation rates calculated from the model proposed in Equation (1) were 
significantly similar (P < 0.001) to those obtained using the experimental data. This vali-
dates the model and means that for all storage temperatures, water accumulation directly 
depends on the difference between water uptake and transpiration and can therefore quanti-
tatively represent the water balance of the flowers. 

The ratio of transpiration rate to water uptake rate (Equation 2) was found to increase 
with storage time in ambient flowers and in those stored at 18 °C and 8 °C (Figure 6). The 
transpiration:uptake ratio (y) is therefore a good quantitative index of the relationship be-
tween water uptake rate, transpiration rate and water accumulation rate. The 
transpiration:uptake data, with the exception of those for 13 °C, were most accurately de-
scribed using an exponential model: 

y = y0ebl (5) 

where y0is the initial value of y. Thus the relationship between log y versus t was found 
to be linear. Transpiration :uptake ratio was significantly affected by storage time (P < 0.001 ) 
and by storage temperature (P < 0.001). 

28°C 

Storage time (days) 

Figure 5 Moisture content of stored anthuriums 
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Inverse quadratic regressions: 
28 °C: (t/MC) = 3.4449e"4 9.8034e-4t + 2.7704e5t2 r2 = 0.998 
18 °C: (t/MC) = 4.1900ε^ - 1.1737e3t + 1.1115e'5t2 r2 = 0.998 
13 °C: (t/MC) = -1.5162e"4 -1.5132e-3t + 4.2101e-6t2 r2 = 1.000 
8 °C: (t/MC) = 3.0168e-5 - 1.2939e-3t + 2.3793e-5t2 r2= 1.000 

28°C 

Storage time (days) 

Figure 6 The transpiration:uptake ratio of stored anthuriums 

Exponential regressions: 
28 °C 
18 °C 
13 °C 
8 °C 

log dT/dU 
log dT/dU 
log dT/dU 
log dT/dU 

-0.0823 + 1.3215e2t r2 = 0.975 
-0.1127 + 1.1822e2t r2 = 0.929 
0.0238 + 0.1500e"2t r2 = 0.260 

-0.1071 +2.7891e2t r ^ 0.959 

CONCLUSIONS 

The vase life of cut anthuriums is limited by the development of a water deficit which 
occurs when the rate of transpiration exceeds the rate of water uptake, possibly due to stem 
plugging of an undetermined nature (Pauli et al., 1985). This decreased uptake, coupled 
with continuous transpiration, results in a decline in water accumulation and therefore a 
decrease in flower turgidity and wilting. The changes in these water balance parameters can 
be successfully modelled using mathematical relationships. 

Storage at 18 °C and to a greater extent, 13 °C, which lies within the optimum storage 
temperature range (Kamemoto, 1962; Pauli, 1987; Adamczak, 1990), can extend shelf-life 
to 25 and 30 days respectively. Low temperature reduces respiratory and other metabolic 
activities (Kamemoto, 1962) and, as shown by the above results, improves water balance, 
hence reducing water stress and delaying senescence. Storage at too low a temperature, in 
this case 8 °C, adversely affected quality as a result of chilling injury (Kamemoto, 1962). 
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FUNDING AGRICULTURAL RESEARCH 
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ABSTRACT 

Many models for funding agricultural research, development and technology dissemi-
nation have been tried As demands on government finances increase, questions are being 
asked about all governmental expenditure. Some of the current structures in the Eastern 
Caribbean are reviewed. The use of levies on imports and exports of agricultural/horticul-
tural products is discussed. The potential benefits of a competitive grant-funded scheme are 
considered. This paper is designed to promote discussion. 

INTRODUCTION 

Agricultural research has traditionally been the responsibility of government minis-
tries and quasi-governmental agencies. The role of Kew Gardens in the former British colo-
nies, through its plant introduction stations, exemplifies this. In most Caribbean countries, 
governmental funds for ministries/departments of agriculture are threatened by justified 
demands for increased funding of education, medical and social services, including the 
need to support the growing number of retired persons. 

Against this background, we need to review other options for funding agricultural re-
search. Amongst these are privatization, as in the Dominican Republic, levies on imports 
and exports, and a system of competitive grants modelled on the United States or a more 
appropriate regional model. 

Political realities within our region mean that the model might be operational at the 
level of the Association of Caribbean States (ACS), subregionally at the level of CARICOM 
or the Organization of Eastern Caribbean States (OECS), or nationally. Political consider-
ations outside our region have seen the redirection of United States Agency for Interna-
tional Development (USAID) funds for research and development to the former USSR 
dominated countries. Also, there is an increasing reluctance of member governments of the 
European Union to continue current levels of developmental assistance funding to the ACP 
countries. 

PRIVATIZATION 

The dangers of privatization are twofold. First, commercial interests, e.g. seed firms, 
could limit development. Second, the policy functions of the relevant government agency 
could be compromised. The advantages of privatization are that the research function can 
be placed into the hands of producer groups that can prioritize research. 
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L E V I E S 

Levies based on imports and exports of a commodity, e.g. cut flowers or meat, could be 
used to create a research fund. At the national level, realistic levies of 2.5% on exports and 
10% on imports, with very few exceptions, would not provide funds to provide even one 
full-time researcher for a commodity group. 

COMPETITIVE GRANT FUNDING 

Presently, there are few sources of grant funding within the region. One of these is the 
Jamaica Agricultural Research Programme (JARP). JARP, which was established in 1987, 
is administered by the Jamaica Agricultural Development Foundation (JADF). The JADF 
is the result of a unique partnership between a Jamaican company (Grace Kennedy &. Co. 
Ltd.), USAID, and Land O'Lakes Inc. - a food and agricultural cooperative owned by 
500,000 farmers in the USA. Funding for JARP, which provides limited grants, mainly for 
on-farm research, was derived from USAID. Another source is the Caribbean Development 
Bank (CDB). The CDB primarily provides loan funds for developmental projects. 

In the former British territories in the Caribbean, there are a number of organizations, 
other than government ministries, conducting agricultural research. Among these are: the 
Caribbean Agricultural Research and Development Institute (CARDI); the University of 
the West Indies' Faculties of Agriculture and Engineering (Trinidad), and Departments of 
Biology (Barbados) and Botany (Jamaica); Caroni Ltd. in Trinidad; the Barbados Agricul-
tural Management Company (BAMC) in Barbados; the Coconut Research Board in Ja-
maica; and WINBAN serving the Windward Islands' banana industry. 

For the most part, these institutions have better qualified and more research-oriented 
staff than national ministries of agriculture. 

If all the governmental research money was put into a regional or subregional fund, 
these institutions could compete for funding. The advantages of such a system can be di-
vided into two categories. First of these is reduction in duplication of effort. Apart from 
meetings of CFCS, there is no established method of communication between agricultural 
researchers and policy-makers in the region. Similar research programmes are often under-
taken and because of diffused effort do not necessarily fully achieve their goals. Of course, 
some duplication is essential because of differences in soils, climate and agronomic prac-
tices but, there is no need for everyone to start at square one. 

The second is accountability. Organizations, or individual researchers, that do not use 
the funds appropriately are unlikely to continue to be funded. In many research and devel-
opment organizations, job security is less than that of a public servant and determined by 
performance. In the university, like others throughout the world, pressure on academics to 
succeed through publication is increasing. Also, grants that fund the training of graduate 
students through research are very cost-effective All of which might lead to value for 
money research. 
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CONCLUSION 

As agricultural researchers and producers we need to encourage debate on the best 
ways to spend the diminishing funds for research. A first step is to encourage collaboration 
between the existing institutions, through which complementary expertise can be used to 
ensure the research output is of the highest quality. Also, mechanisms must be developed to 
ensure that the research conducted gives the answers to producers' problems. 
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EXTENSION SERVICES FOR AGRICULTURAL MARKETING 

N. Mungroo and J. Seepersad 

Department of Agricultural Extension, The University of the West Indies, 
St Augustine, Trinidad and Tobago 

ABSTRACT 

In the simplest form agricultural marketing can be defined as working with actual and 
potential buyers of a product to bring about exchanges to meet the requirements of the 
consumer. Marketing extension covers all marketing activities from production to the retail 
level and can be effective in putting the farmers in touch with the reality of the market. 
With growing globalization of markets and increasing reliance throughout the world on the 
open market, the role of marketing extension will become increasingly important. It has 
become increasingly accepted that for farmers to increase their production and income, 
adequate attention must be paid to marketing. The small farm sector needs to be commer-
cialized by developing market-oriented production. Successful commercialization of this 
sector will depend on the orientation of production to meet market demands. This paper 
provides some information on the agricultural marketing systems that exists in Trinidad, 
farmers' decision as to the choice of crops grown and attempts to analyze how best market-
ing extension can be earned out within the present extension service. 

INTRODUCTION 

The extension services throughout the developing and developed world are now realiz-
ing the importance of teaching farmers how to market their agricultural produce. With in-
creased composition and growing dependence on free markets, the health of the agricultural 
community and the farmer's well-being greatly depend on improved marketing capacity. 
The globalization of markets and increased competition are definitely a force for change 
and will continue to be a challenge for extension throughout the coming years. 

Increased productivity has traditionally been the aim of agricultural extension. This 
emphasis is understandable given the limited resources and the high priority allocated to 
meeting the food, agro-industrial and foreign exchange needs of development. Extension 
and education related to markets and prices have had little preference, especially where 
production was for home use and sale, or for limited sale at local and nearby markets. Since 
the agricultural economy is changing and increased consideration is being paid to increased 
production, income distribution and improved rural standards of living, extension aimed at 
maximizing farm returns becomes essential. 

Production oriented technology transfer activities provided by extension services must 
be complemented with activities that give farmers market information and the 'know-how* 
to interpret it. But, what is agricultural marketing? 

' 3 8 4 



Agricultural marketing 

Khols (1968) defined agricultural marketing as "the performance of all business activi-
ties involved in the flow of goods and services from the point of initial production until they 
are in the hands of the ultimate consumer". The entire marketing process involves the per-
formance of a series of functions: 

Exchange functions: buying; selling; pricing. 

Functions of physical supply: transportation and handling; storage; processing and pack-
aging. 

Facilitating function:grading and standardization; information; research and develop-
ment; financing and risk acceptance; demand creation; supervision. 

These functions, if carried out effectively, can result in an efficient marketing system. It is 
realized that farmers cannot perform all these functions themselves nor is it feasible for the 
extension officer to educate them on all these functions. The research hopes to determine 
which of these functions should be carried out by farmers, the extension officers and the 
marketing agencies. 

Subject matter of marketing extension 

Marketing extension must cover aspects of many processes and activities, ranging from 
production decision to consumer response to products. Activities to be covered in the 
execution of marketing extension are: 

Decision-making as to the choice of crops: marketing extension has to teach the 
farmers how to use all the information that is available in deciding what crops to 
produce. They must learn to determine what the market wants before deciding what to 
produce. 

Harvesting and post-harvesting practices: farmers must be taught how to employ proper 
harvesting and post-harvesting practices to ensure their produce has the desired form 
and quality as dictated by market. Farmers need to become expert in handling the 
produce in order to become efficient at marketing and maximizing farm returns. 

Markets and prices: farmers need to know how to access and interpret marketing and 
price information. Such information will tell the farmers which market will provide 
them with the best prices. Such information strengthens the bargaining position of 
farmers and puts them in touch with the realities of the market place. 

Marketing extension is complementary to research and extension and other aspects of 
agricultural development. Marketing extension can help farmers change their views as to 
the type of crops to be grown, post-harvest practices, quality of goods produced and mode 
of sale of output. 
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This paper is part of an ongoing research project that hopes to answer certain important 
questions and achieve some very important objectives. These are given below. 

Objectives Research questions 

To define the marketing problems faced by 
farmers in Trinidad and Tobago 

1. How do farmers in Trinidad and 
Tobago market their agricultural 
produce? 

2. To determine how effective frontline 
extension workers are in dealing with these 
problems given the current resources and 
knowledge levels. 

2. How did they arrive at this 
method of marketing their 
produce? 

3. To determine how effective are commodity 
organizations and marketing agencies on 
dealing with the marketing problems of the 
farmers at present. 

3. How do they decide on what 
crops to produce? 

4. To determine if the extension divisions are 
incorporating any aspects of agricultural 
marketing in any of their existing extension 

4. How is the markeing system 
structured and what are the 
problems in the systems? 

programmes. 

5. To make recommendations as to how 
marketing agencies and frontline extension 
workers can together solve the problems of 
farmers. 

Initially the research will look at the entire internal marketing system for green veg-
etables in Trinidad and Tobago. This information will serve as a foundation for further 
analysis and research that will hopefully achieve the objectives listed above. This paper 
therefore deals with the preliminary investigation that has been carried out. 

METHODS 

The method of investigation employed for this first leg of the research was interviews. 
Visits were made to four county extension offices in Trinidad, where frontline extension 
officers were interviewed. Tobago and the four other counties are still to be done. These 
visits consisted of a round table, formal discussion of the topic of agricultural marketing 
and extension's possible involvement in the agricultural marketing process. These inter-
views were taped. The interviewers prompted the discussion by raising key questions and 
were responsible for the overall management of the discussion by making sure that there 
was no deviation from the topic. The questions asked at these interviews are listed below. 
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Since the discussions were free and informal many key points and issues were raised. 

How do farmers market their produce? 
How do farmers decide on what crops to grow? 
Do farmers form marketing contracts with buyers? 
What level of marketing, if any, is addressed in extension programmes? 
What level of marketing, if any, do you as an extension officer do on a daily basis? 
If confronted with a marketing problem, can you deal with it? 
Do farmers source exporters? 
Are arrangements made beforehand with the exporters? 

Is the National Agricultural Marketing Corporation successful in solving the problems 
of the farmers? 

The results of these interviews were also substantiated by surveying the available lit-
erature on the topic. However, the researcher hopes to conduct a formal survey of the 
vegetable producing areas of Trinidad. In this survey farmers will be interviewed using a 
formal questionnaire. 

RESULTS 

Marketing infrastructure 

There exist two main wholesale markets in Trinidad, the Port of Spain wholesale mar-
ket and the Debe market. There are also 18 retail markets located in major towns and 
villages. Produce can also be marketed through roadside vendors, greengrocers, supermar-
kets and at the farm-gate. 

Initial investigations have revealed that most farmers, in the counties visited, whole-
sale their produce at the Port of Spain Central Market. A few farmers retail at the municipal 
market centres and even fewer sell directly from the farm gate to exporters and other buy-
ers. Both wholesaling and retailing marketing systems are plagued by inefficiencies and as 
such are unable to meet the marketing needs of the farmer. Some of these inefficiencies are 
listed below: 

Wholesaling marketing system Retailing marketing system 

Inadequate infrastructure 
Poor security 
Poor management 

Absence of post-harvest handling facilities 
Lack of grades and standards 
Ineffective dissemination of market 
information 

Inadequate infrastructure 
Poor security 
Selling on roadside is done in a disorganized 
way 
Poor management 
Traffic congestion caused by roadside vendors 
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The Central Market at Port of Spain is seen as the hub of the wholesaling activities. 
Farmers come from far and wide to sell their produce at this market. Space at the market is 
limited and farmers must pay an entrance fee of TT$5.00 to enter the market, this fee how-
ever, does not guarantee them a space in the market. Since farmers are dealing with perish-
able commodities, they must dispose of them quickly, in most cases at a very low price. 
This price may barely cover the cost of production and in some instances does not. 

The few farmers who sell their produce to exporters and supermarkets do so under no 
contractual agreements. Such buyers seek out the farmers and purchase the produce at the 
farm-gate usually bearing all transport and post-harvest handling cost themselves. Farmers 
are reluctant to form contracts, either oral or written, because they sell their produce accord-
ing to the 'price of the day.' Contracts bind them to one established price, and prevent them 
from capturing that windfall gain that a sudden price increase in the market may bring. 

Decision as to choice of crop 

Farmers rely on their indigenous knowledge of prices in the market place to decide 
which crop to grow. This knowledge is based on years of experience in selling their pro-
duce in the market. This experience allows the farmer to determine when is the most eco-
nomically feasible time to plant certain crops. No use is made of any sort of available 
market information. Extension officers need to build on this indigenous knowledge to 
enable farmers to forecast the market correctly. 

Market information 

The National Agricultural Development Corporation (NAMDEVCO) collects daily 
wholesale prices of most agricultural commodities. These are available, upon request, to 
anyone for a fee of $48.00 per graph. Most farmers however, do not make use of this 
information in their market forecasting. The reason for this is yet to be ascertained. 
Agricultural marketing and extension 

The only level of marketing addressed in extension programmes is post-harvest han-
dling. However, extension officers when confronted with marketing problems, try their best 
to assist the farmers in finding a solution to their problems. Even if these extension officers 
identify marketing problems of the farmer, their lack of expertise and knowledge of other 
sources of help makes them unable to assist the farmers. 

Presently frontline extension workers are being made aware of the concept of market-
ing extension through seminars. These are conducted by the Specialist Services Subdivi-
sion of the Ministry of Agriculture, Land and Marine Resources, However, there is no 
formal training of officers yet. Extension workers however, feel that their role in the process 
of marketing extension should be purely advisory. A possible way of incorporating market-
ing extension within the existing extension system and feasible duties of an officer under-
taking marketing extension must be determined. A possible organizational structure is given 
in Figure 1. 
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Marketing Training 
Marketing Information 
Marketing Support 
Marketing Extension Programmes 

Figure 1 Possible organizational structure of incorporating marketing extension within 
the extension service 

CONCLUSION 

Agricultural marketing extension can effectively put farmers in touch with the realities 
of the market place and increase the efficiency with which they market their produce. 
Marketing extension, complemented by a proper marketing structure, and information sys-
tem and appropriate pricing policies, is necessary for agricultural development to take place. 
If farmers are taught how to produce their crops effectively, then they should be taught 
simultaneously how to market these crops effectively. 
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ABSTRACT 

Recent competition in the agricultural sector due to trade liberalization dictates that 
there should be innovative approaches to marketing local produce. An alternative market-
ing strategy has been proposed to expand the marketing of locally produced lamb in Trinidad 
and Tobago. This paper discusses the existing marketing arrangements for the niche mar-
keting of lamb. It examines the pre-conditions for entering the market. These precondi-
tions include the assessment of consumer demand for the primary product, market studies, 
product handling and quality as well as consumer surveys of the market. The logistics 
involved in organising producers, processors and retailers in a 9-month pilot project to 
market local lamb is reviewed. The future of this cooperative marketing arrangement and 
the application of this model to other agricultural produce is also discussed. 

INTRODUCTION 

A major weakness of Caribbean agriculture is the widespread non-integration of mar-
keting with the production processes. Institutions have mainly attempted to address pro-
duction problems without considering the marketing situation, constraints and opportuni-
ties. Farmers, researchers, extentionists, planners and agencies in agriculture have pro-
ceeded to increase production and efficiency of production and have assumed that this in-
creased capability will be able to meet a range of market situations. That this approach may 
have been satisfactory is a moot point. Increased competition from cheaper imported agri-
cultural products in a scenario where subsidies and protection for local produce are being 
removed will of necessity, force a revision of this approach. 

The Caribbean Sheep Production and Marketing (CSPM) project was initiated by the 
Caribbean Agricultural Research and Development Institute (CARDI) in 1990 with fund-
ing from the Canadian International Development Agency (CIDA). The overall long-term 
goal of the project was to improve the welfare of low-resource farmers in the Caribbean. 
The short-term objective was to improve the production and marketing capabilities of se-
lected farmers in Barbados, Guyana and Trinidad and Tobago. With a focus on the develop-
ment of sustainable systems for the local sheep industry, the project at inception set about 
integrating production and marketing as well as considering gender another social con-
cerns. 
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This paper reviews the details of a niche market initiative that has been developed to 
supply fresh chilled local lamb to supermarkets in Trinidad and Tobago. The economic 
conditions that are influencing our agricultural markets will then be discussed and a case for 
the applicability of this model to the marketing of other agricultural commodities will be 
presented. 

METHODOLOGY 

History of the market 

The first task of the CSPM project was to assess the market demand for local lamb in 
Trinidad and Tobago. An omnibus survey in 1992 indicated that 11% of households pur-
chased local lamb. Over 71 % of consumers made these purchases because of the taste of 
the product while only 48% purchased the imported product for the same reason. Twenty-
two per cent of consumers purchased imported lamb because of its availability. At the same 
time almost 50% of the consumers stated that they could not differentiate between local and 
imported lamb. 

The marketing opportunities for local lamb in Trinidad and Tobago were identified. 
The primary source of supply was based on the trafficking trade which involved the pur-
chase of live sheep on sight by middlemen at the farm-gate. The majority of the animals 
came from rural areas to the urban and suburban centres for slaughter and sale as fresh hot 
lamb by the trafficker/butchers in municipal markets or roadside stalls. The animals pur-
chased in Tobago were shipped to Trinidad by the inter-island ferry. Craig (1992) identified 
from a survey that no less than 90% of Tobagonian farmers sold live animals to traffickers. 
Similar observations have been made by Neptune et al. (1993). Farmers were also dissatis-
fied with the existing opportunities at that time and the pressure being placed on them to 
accept lower prices as a result of the competition due to large quantities of lamb and mutton 
being imported into the country (Aziz and Bennet, 1993). 

Conception of the marketing initiative 

In 1993 at a workshop on Marketing Strategies for the Survival of the Livestock Indus-
try in 1993, it was recognized that there was a demand for a reliable, regular, timely supply 
of good quality meat, including specialized cuts, at reasonable prices to supermarkets 
(CARDI, 1993). Entry into this market required an adequate supply of sheep to meet such a 
demand on a sustained basis and that the existing stock could provide the quality of meat 
that the consumers demanded. There was no doubt that the coordinators of the project 
could meet both requirements as a study of the traffickers and trafficker/ butchers in Trinidad 
indicated that there was a high demand for fresh lamb. In addition, though the demand for 
their product and price had remained fairly static since the late 1980s, there were no com-
plaints about the quality of the lamb that the butchers had to offer (Craig et al. 1993). 

The trafficker/butchers, through roadside stalls and municipal markets, had a market 
unto themselves but it was evident that a niche existed for consumers who wanted fresh 
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lamb but were unwilling to patronize the butchers because they were sceptical of the stan-
dards of hygiene under which the animals were slaughtered and the meat sold. This niche 
market was not seen to be constrained by price of the lamb but demanded high hygiene 
standards, meat that was fresh, possibly chilled, easily available and cut and packaged in 
reasonable sized quantities for easy and fast consumption. Investigations revealed that 
local lamb was, at times, available in the supermarkets but never on a sustained basis. 

The CSPM project studied the composition of local lamb carcasses. The work indi-
cated that local carcasses from lambs 30-40 kg liveweight were lower in fat than imported 
carcasses. The acceptable breeds of sheep were Barbados Blackbelly, West African, Virgin 
Island White and their crosses. The animals with the Persian Blackhead blood tended to be 
too fat. These acceptable local carcasses were competitive, or even superior, when com-
pared with the imported carcasses in terms of dressing percentage and proportions of whole-
sale cuts. However, the legs tended to be thinner, longer and less stocky than those of 
imported carcasses. 

Development of the niche market 

The largest supermarket chain in Trinidad was approached to collaborate with CARDI 
and the farmers in a project to supply fresh chilled local lamb to some of their 17 outlets. 
This chain had the largest share of the local retail food market and while catering for all 
consumers, attracted a significant proportion of the more affluent customers in Trinidad. 
Meetings with the supermarket chain, the producers and the processor led to the develop-
ment of the Guidelines for the Placement of Fresh Local Lamb in the Hi-Lo Supermarkets 
(Craig and Hosein, 1994). These guidelines indicated the responsibilities of each party in 
the arrangement. 

The project was divided into phases to facilitate efficient coordination, to allow for the 
implementation of new ideas, and to allow producers to incorporate the new marketing 
strategy into their production systems. Producers were not asked to forgo their traditional 
marketing arrangements with traffickers but they were required to commit a quantity of 
animals that they would be able to supply per month. The supermarket chain was informed 
of the available monthly supply and had to indicate the number of carcasses to be delivered 
weekly to each of their participating outlets. The producers were then informed of the date 
on which they were required to deliver their animals to the processors, the Sugarcane Feeds 
Centre (SFC). 

The live sheep were delivered to the abattoir at the SFC on a Monday evening, fasted 
overnight, slaughtered on Tuesday and chilled and delivered to supermarket outlets on 
Wednesday and Thursday. The slaughter was done in a 'halal' manner. All the animal 
byproducts were cleaned and offered for sale in three packages: the skin; head and feet; 
tripe with liver, lite (lung) and kidneys. 

The carcasses were cut into retail cuts in-store and these included whole legs, leg chops, 
shoulder chops, loin chops, lamb ribs and lamb stew. Payment for the meat was based on 
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the weight of the cold plastic-wrapped carcasses delivered to the supermarket outlet. The 
delivery notes were sent by the outlets to the chain's head office which paid initially a price 
of US$3.42/kg to the farmers within 2 weeks of delivery. 

RESULTS 

A summary of the supply data of this project is shown in Table 1 : 

The animals were received in both phases from eight producers who were responsible 
for transporting animals to the abattoir. The fanners were able to meet their commitment 
for over 90% of the animals. Shortfalls in supply were met by using a reserve of producers 
who came into the project late. 

The processing and handling was expertly done. The carcasses were well trimmed, 
chilled and covered in plastic for transport to the supermarket. The skins were all sold to a 
tanner at US$0.52/skin in Phase 1 and US$0.69 in Phase 2. The head and feet were all sold 
at US$2.59/set in phase 1 and US$2.93 in phase 2. The offal was sold at USS2.59/sct in 
Phase 1 and at US$3.10 in Phase 2. Table 2 gives a breakdown of the revenue from the sale 
of by-products in both phases. 

Table 1 Summary of supply data for two phases of the promotion of fresh chilled local 
lamb to Hi-Lo supermarkets, Trinidad 

Phase 1 
Jul-Oct '94 

Phase 2 
Nov' 94-Mar' 95 

Total 

Total no. animals supplied 141 177 318 

Total liveweight (kg) 4,114.60 5,568.30 9.682,90 
Average liveweight (kg) 29.20 31.50 30.40 

Total hot carcass weight (kg) 1,870.90 2,518.20 4,389.10 
Avg. hot carcass weight (kg) 13.30 14.20 13.80 
Average hot dressing (%) 45.50 45.20 45.30 

Tot. cold carcass weight (kg) 1,799.20 2,391.50 4,190.70 
Avg. cold carcass weight (kg) 12.80 13.50 13.20 
Average cold dressing (%) 43.70 43.00 43.30 

Shrinkage (%) 3.80 5.10 4.50 

Price of meat (US$/kg) 3.42 3.42 3.42 
Total revenue (USS) 6154.50 8188.68 14335.18 
Avg. revenue/carcass (US$) 43.65 46.22 45.07 
Avg. revenue liveweight (US$/kg) 1,50 1,47 1.48 
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Table 2 The revenue from the sale of by products in phase one and phase two of the 
promotion of fresh chilled local lamb in Hi-Lo Food Stores 

Phase 1 Phase 2 Total 
Jul-Oct '94 Nov' 94—Mar' 95 

No. of animals supplied 141 177 318 

Total receipts from sale (US$) 803.28 1,110.76 1,914.04 

Average revenue per animal (US$) 5.71 6.28 6.02 

Cost of slaughter and handling (US$) 6.03 6.03 6.03 

Eight outlets sold the local lamb in Phase 1. Only six of the eight were involved in the 
second phase. Table 3 indicates the location of outlets and the proportions of lamb sold by 
each outlet. Approximately 50% and 80% of all lamb was sold in the west of Trinidad in 
Phase 1 and Phase 2 respectively. At the same time while 44% of carcasses were sold in the 
east in Phase 1 only 13% was sold in Phase 2 as sales tended to be slower in the east and 
central Trinidad. 

Table 3 Location and proportion of lamb sold by each outlet 

Outlet Location in Phase 1 Phase 2 
Trinidad (%) (%) 

Westmall West 26 30 
Maraval West 13 19 
Diego Martin West 10 20 
St Anns West 0 10 
St Augustine East 15 6 
Arima East 7 0 
Trincity East 9 7 
Barataria East 2 0 
Chaguanas Central 11 0 
Other — 7 8 

DISCUSSION 

Trade liberalization and marketing local lamb produce 

Economic liberalization has been referred to as the measures taken to reduce state 
intervention in the economic process (Evans and Ganteaume-Farrell, 1993). The aim of 
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liberalization is to sharpen domestic and international competition to achieve more efficient 
use of scare resources through the medium of the market. The underlying argument for 
economic liberalization is that governments of developing countries have distorted produc-
tion structures due to subsidies, import duties, taxes and direct controls, and the removal of 
these barriers will permit undistorted prices and facilitate a return to more and 'fairer' com-
petition with imports. The latter will make it possible to overcome such ills as chronic 
balance of payment problems, insufficient investments, and unsustainable jobs. 

The effects of economic liberalization in the livestock sector are expected to be in-
creased prices for imported feeds as well as some increases for imported meats. The reduc-
tion in local subsidies will force Caribbean farmers to achieve a greater level of productive 
efficiency. This may cause many producers who cannot adapt to go out of business (Dookeran 
1995, Blades et al. 1995). The ruminant subsector may be able to utilise a larger quantity of 
local resources in the production process. The comparative advantage of this sector would 
be in the exploitation of niche markets which would be able to provide high quality, hy-
gienic, organically reared, fresh products to satisfy the consumer demand. The government 
of Trinidad and Tobago has adopted a policy of economic liberation and instituted a com-
mon external tariff (CET) of 15%. But the price of imported meat, including lamb has not 
fallen as a surcharge has been introduced'to protect the local producers in the short term. 
The surcharge will be reduced from 20 to 0% between 1995 and 1998. 

Supply 

The concept of logistics has been identified as critical to the effective functioning of 
the project. The fact that we were dealing with a perishable product whose competitive 
advantage is based upon quality and freshness, mandated effective coordination from pro-
duction to consumption. The following issues were considered: quality, consistency, time-
liness, transport and shrinkage. 

Quality: The quality of the carcasses delivered to Hi-Lo ultimately depended on the 
quality of the live animal as well as the subsequent pre- and post-slaughter handling. Spe-
cific parameters for supply, with respect to breed/ type, weight and age of the live animal 
were adopted in an attempt to standardize the quality of the final product. This final product 
has been well received by the consumers. 

Consistency: To maintain a consistent supply of carcasses, CSPM asked farmers to 
inform CARDI of their ability to supply live animals over a 3-5 month period. The produc-
ers at times were not able to meet their commitments which indicated that producers needed 
to improve their planning process as part of improving their business approach. 

Timeliness: This refers to the specific issue of the date of delivery of live animals to the 
abattoir. The producers delivered animals late on eight of the 34 weeks of the project and 
the retailers refused some of the late deliveries. For these, alternative markets had to be 
found. Emphasis is again placed on the business approach of producers. 
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Transport: The live animals were transported to the abattoir by the producer on the 
prescribed day. In exceptional cases arrangements were made for alternative transport. 
This increased costs for farmers and the transportation of small numbers of animals did not 
prove to be economical. Producers whose farms were great distances from the abattoir 
found it economical to transport 15-20 sheep per trip. 

Shrinkage: This issue has to be critically considered. Animals shrank at two stages of 
the process: (a) in transit from farm to abattoir due to urination and evaporation, and (b) in 
the process of chilling through evapo-transpiration. CARDI encouraged the abattoir (SFC) 
to exercise a greater level of flexibility with respect to the time of day the animals should be 
delivered to the abattoir in an attempt to minimize transport shrinkage. Animals delivered 
in the early morning or later afternoons experienced lower levels of shrinkage due to re-
duced dehydration. The shrinkage arising from the chilling process was approximately 4% 
and found to be higher with smaller animals. Shrinkage reduced farmer revenue. 

Payment: Payments were made to suppliers within 2 weeks of delivery based on cold 
carcass weights taken at the outlets. Producers found this very acceptable. This delayed 
system of payment differed from the traditional systems of fanners receiving payment 'on 
the hoof from traffickers. 

Price: The costs associated with animal transportation and shrinkage of the carcasses 
were a serious source of concern to the farmers. They indicated that the price of US$3.42/ 
kg was acceptable before these additional costs were deducted. The supermarket chain has 
increased the buying price to US$3.76/kg for phase 3 of the project, which should alleviate 
the farmers concerns. 

Sale of by-products 

The sale of the by-products covered the cost of slaughter and handling of the animals. 
The payment for the meat therefore went directly to the producers. The prices of all the by-
products were increased over the life of the project and this market should be able to absorb 
a further price increase. 

Consumer demand 

From the inception of the project the retailers always indicated that there was a demand 
for the product and discouraged active promotion of the local lamb on the grounds that the 
project would not be able to respond to the increased demand. It is noteworthy that this 
activity took place in the supermarkets without any promotional activity and demand has 
still increased over time. As a result, a consumer study was conducted to assess the con-
sumer trends and demand over time. The study indicated that a market for fresh local lamb 
existed. There was a significant number of repeat (regular) purchasers and 30% of consum-
ers were first time buyers. The lamb was being bought for the reasons that we identified, 
i.e. freshness, taste, tenderness, low fat, and basic presentation. At the same time the rela-
tively high price was not seen as a major deterrent by many consumers. The availability of 
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the meat in specialized cuts made the product accessible to most consumers. The health-
conscious consumers were attracted to the product. Importantly, the survey indicated that 
the influence of family income on the consumer purchasing of the product was not signifi-
cant. The survey gave impetus to the activity and it is believed that this market is sustain-
able. 

Future of the market 

The fact that consumers were willing to purchase the Iamb at the existing prices is 
possibly an indication of the good quality service and product which has been supplied. 
The retailers believe that they can sell more fresh chilled local lamb, noting that significant 
market potential exists. 

Producers need to expand their production base and address the issue of meat quality 
by improving the breeding capacity and quality of their flocks. They should also seek to 
increase their production efficiency and reduce the cost of production, particularly feeding 
costs. They should maintain their traditional marketing arrangements in addition to the 
existing niche. 

Consumers could be motivated to maintain and even increase demand for fresh chilled 
locally produced lamb over the frozen imported product by being made aware that the latter 
may contain steroids and other chemical additives which could be hazardous to their health. 

Proposed model for marketing other commodities 

The following is a model proposed for the production and marketing of other agricul-
tural commodities for which niche markets can be identified: 

Determine the demand for the commodity. 
Identify existing marketing opportunities. 
Determine strategies for exploiting the opportunities. 
Identify alternative marketing strategies. 
Determine the role of the marketing functions. 
Identify the marketing support system required. 
Access and develop the production system and link to the selected market. 
Test and validate the production and marketing system. 
Select appropriate models to service specific market needs. 
Develop an integrated production and marketing system. 
Apply tested and validated production and marketing systems to the development of 
commercial enterprises. 
Monitor the system. 

The model should serve to utilize the market for the introduction of special products 
that are required by special consumers. Satisfying this special market should stimulate the 
production process and not compete with existing primary products. The logistics of the 
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integrated production and marketing system should be detailed but flexible enough to allow 
for revision and development of marketing functions. The logistics should also take into 
consideration the contingencies associated with common shortfalls associated with agricul-
tural production. 

CONCLUSION 

The competition from low-priced imported products and the reduction of support for 
local production compel the agricultural sector to explore alternative marketing strategies 
for products for which the sector does not have a price advantage. Niche markets can be 
sought that serve to satisfy a specific segment of the population who are not price-con-
scious but have a priority for easily available products with high standards of quality, hy-
giene and presentation. These consumers can also be influenced to consume the local agri-
cultural products for reasons of health, improved taste and flavour and for alternative cook-
ing opportunities. The agricultural sector must explore the opportunities to provide sustain-
able markets of this type for this type of local consumer. 
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A N N E X UI 

ADDRESS AT THE AWARDS DINNER 

The Hon. Ronald Toppin 
Temporary Minister of Agriculture and Rural Development, Barbados 

President of the Caribbean Food Crops Society; Members of the Board of Directors; 
Members of the Coordinating Committee; Distinguished Guests; Ladies and Gentlemen: 

It is a great pleasure for me as Temporary Minister of Agriculture and Rural Develop-
ment to address you this evening at your 31st Annual Awards Dinner. As you already know, 
because of a brief period of illness the Hon. Rawle Eastmond is indisposed but he has asked 
me to convey his greetings and best wishes to you. 

I have searched my memory for an example of a private sector Caribbean association 
which has survived and met consistently for the past 31 years and I can find none besides 
your organization. We in the region, often take agriculture for granted but I think that CFCS's 
longevity and steadfastness in its role offers pertinent lessons for Caribbean integration and 
the survival of Caribbean regional entities, and this is because of the focus of your society. 

Mr President, let me say again, that I am very impressed with the programme that you 
have put together for this conference. The topics which you are discussing are wide-ranging 
and impressive. It is clear to me that serious work is being done: 

towards eliminating or controlling the various pests with which we are plagued in the 
Caribbean. 

to improve the quality and quantity of food crops being produced. 

Of necessity, research has continued, and must continue, to be one of the most impor-
tant aspects of agricultural development. My Ministry, with the assistance of regional and 
international organizations and of the local private sector, is ongoing in its research in a 
number of areas relating to food crops, e.g. yam, paw-paw, mango, breadfruit, plantain, 
banana, onion, cotton, potato and vegetables. The papers presented over the past 3 days 
will no doubt strengthen our efforts. I am confident that as a result of the research efforts 
being discussed in this conference the pests and diseases which affect many of our food 
crops will be tackled more effectively. The papers presented on the mango will naturally be 
of utmost interest since it is my belief that the region could establish itself as a major ex-
porting bloc in this fruit. The assistance being provided by the University of Florida in 
research on bunchy top disease, which has affected paw-paw, is very much appreciated and 
while the debate on whether the problem is bacterial or nutritional is still raging, I am 
assured that much good work is being done on both fronts to eliminate bunchy top or at 
least to find resistant varieties. 
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The research efforts to develop the production of mushrooms as a local delicacy are 
noted. A Chinese Technical Assistance Programme some time ago, started the work here on 
small-scale production of mushrooms in my Ministry. Much of the equipment and informa-
tion has been passed on to the Barbados Agricultural Society and my information is that 
local mushroom has found a niche on the Barbadian market. The next step, by your collec-
tive efforts, must be to make the Caribbean mushroom a delicacy of international reputa-
tion. 

I am very pleased to note that papers were also presented on genetic engineering. I am 
sure that your efforts will very soon dispel the long-held myth that the region is incapable of 
making a worthwhile contribution in this field. It is obvious to me that the brains are there. 
With the establishment of a number of well-appointed tissue culture laboratories, the infra-
structure is being put in place, and clearly the will and determination to take on the chal-
lenge are there. Do nol slacken the pace of your efforts. The importance of ability to earn 
foreign exchange and the capacity to charter a positive growth path are of paramount im-
portance. 

Ongoing research on the pink boll worm is imperative. It is therefore encouraging to 
see papers dedicated to the control or eradication of this serious pest. 

Worthy of note is the shifting of the emphasis from a chemical to a biological approach 
to pest control. The integrated approach is to be applauded, especially since protection of 
the ecology and environment has become of prime importance to small island developing 
states around the world. 

Much progress has already been recorded in the ongoing research into the moth borer 
infestation of new varieties of sugar cane. We know of the problems posed by the moth 
borer in the past. Your approach of safeguarding the integrity of the replacement and resis-
tant varieties is well-timed. Since sugar will, for some lime to come, remain the main crop 
around which agricultural diversification in Barbados will be carried through, it is of ut-
most importance that the moth borer be brought under better control, if not totally eradi-
cated. 

Mr President, it almost goes without saying that a regular and reliable supply of irriga-
tion water is absolutely necessary for sustainability of agriculture. Agriculture that is sus-
tainable will assist in providing us with gainful employment, reduce the food import bill 
and earn foreign exchange. 

We must recognize that for agribusiness to be competitive and successful, management 
must be enterprising, aggressive, modem, efficient and cost-conscious. Cost must be con-
tained to the extent that prices, in the face of trade liberalization, can remain competitive. In 
this connection Government has provided the fiscal incentives being offered to the private 
sector for the computerization of their business as well as the removal of duties and related 
taxes on the inputs into manufacture and agricultural production. I am insisting that the 
private sector be ready for the marketing challenge when the output of our food crops sig-
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nificanily increases, as it will. I hope that your conference will, in some way, add to the 
impetus of the recent resurgence of interest 1 see among our farmers and agribusiness people. 

Ladies and Gentlemen, the theme of your conference this year reveals a genuine aware-
ness of the pressures that are imminent in our communities brought about by the adoption 
of the trade liberalization policies. We in the Caribbean must in every way possible, pool 
and maximize the uses of our limited resources. Regional integration must no longer be 
viewed as the preserve of the politician alone. Our society has shown and continues to show 
that regional integration at all levels is practicable. The Government of Barbados is 
unswervingly committed to the goal of regional integration and will be untiring in its efforts 
towards its realization. 

Ladies and Gentlemen, I offer congratulations to those of you receiving awards here 
this evening. It is a clear indication that your work has not gone unnoticed. Someone has 
been taking note of your every effort and your contribution will be signally acknowledged 
this evening. 

Let me conclude by repeating my belief that the growth in the agricultural sector is 
vital to the stabilization of OUT economies. We must be able to feed our own people, reduce 
our food import bill and provide gainful and meaningful employment and foreign exchange. 
At the heart of your every effort must be.the goal of self-reliance and sustainability. Those 
who fail to recognize their importance will find themselves forever condemned to poverty 
and backwardness. Self-reliance is the very tonic to invigorate one's own creativity and 
competitiveness. It is in harmony with the open-door policy, and accommodates external 
assistance and exchanges. Competitiveness gives us the edge in the market place. But the 
absence of these in the regional spirit would be like the suffering associated with some 
consuming disease. I also hope that part of your efforts would be the facilitation of the 
sharing of your methodologies and your expertise and the enhancing of a heightened sensi-
tivity lo the growing importance of the regional integration movement. Do not waste the 
opportunities which this conference has provided. 

It is my wish that you have a most enjoyable evening. Thank you. 
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A N N E X UI 

ORGANIZING COMMITTEES 

Local organizing committee 

Ronald A. Baynes, President, CFCS; Chairman and Co-Chair, Finance Committee 
Leonard O'Garro, 
Louis E. Chinnery, Chairman, Programme and Publications Committees 
L. Winston Small, Chairman, Registration Committee 
Gerald A. Proverbs, Co-Chair, Finance Committee 
Frances L, Chandler, Chairperson, Exhibition Committee 
Keith Laurie, Representing the Barbados Agricultural Society; Convenor for Field Day 
Vernon Sargeant, Accommodation and Transportation 
Ian Gibbs 
DeCoursey Jeffers, Awards Dinner 
Harm de Boer, Representing the Barbados Society of Technologists in Agriculture 

and the Barbados Agricultural Management Company 
Maurice Mason 
Carl Simpson 
Michael Sabazan, Secretary 

Finance & Fund Raising Spouses programme 

Shirley Baynes Ronald A. Baynes, Co-Chair 
Gerald A. Proverbs, Co-Chair 
Leonard O'Garro 

Programme Producers' exhibition 

Louis E. Chinnery, Chairman 
Janice Bateson 
Jeff St A. Chandler 

Frances L. Chandler, Chairperson 
Maurice Mason 
Gerald A. Proverbs 

Harm de Boer 
Ian H. Gibbs 

Publications Regist ra t ion/welcome 

Louis E. Chinnery, Chairman 
Leonard O'Garro 
Janice Bateson 
Jeff St A. Chandler 
Harm de Boer 
Ian H. Gibbs 

L. Winston Small, Chairman 
Ronald A. Baynes 
Carl Simpson 
Michael Sabazon 
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A N N E X U I 

BOARD OF DIRECTORS AND OFFICERS 

Board of Directors 

Chaiman 

Vice-Chairman 

Treasurer 

Secretary 

Assistant Secretary 

President 

Immediate Past President 

Regional Representatives 

Angelique Anais 

Marc Sagne 

Zavier Merlini 

Antonio Sotomayor-Rios 

Miguel Lugo-Ldpez 

Gerry Dupuy 

Darshan Padda 

Joseph Suah 

Hugh Saul 

Sylvester Vrolyk 

Darshan S. Padda 

Miguel Lugo-Lopez 

Aurora Lugo-Lopez 
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Claris Clarke 

Ronald Baynes 

Kwame Garcia 
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ANNEX UI 

LIST OF SPONSORS 

Alamac Trading Co. Ltd. 

Barbados Agricultural Society 

Barbados Dairy Industries Ltd. 

Barbados Farms Ltd. 

Barbados Mills Ltd. 

Barbados National Bank 

Barbados Society of Technologists in Agriculture 

Barclays Bank PLC 

BICO Ltd 

Caldon Finance Merchant Bank (Barbados) Ltd. 

Caribbean Agricultural Research and Development Institute 

Caribbean Financial Services Corporation 

Caribbean Development Bank 

Carter's General Stores 

DaCostas Oil and Automotive Department 

Gale's Agro Products Ltd. 

Hanscell Inniss Ltd. 

HiPac Ltd. 

Ministry of Agriculture and Rural Development 

Mount Gay Distilleries Ltd. 

Plantrac Industries Ltd. 

R & C Hatcheries Ltd. 

Roberts Manufacturing Co, Ltd. 

Super Poultry Farms Ltd. 

Tractors & Equipment Ltd. 

University of the West Indies, Faculty of Natural Sciences, Cave Hill Campus 

Wimcal Ltd. 
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