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pusxnarrtAL ADDRESS* 

D. S. Padda 
Chairman of the Board of Directors 

Caribbean Food Crops Society 

Good morning, ladles and gentlemen: On behalf of the Caribbean Food 
Crops Society, It is my pleasure to extend to you a warm welcome. I hope 
that your attendance at the 27th Annual Meeting of the Society will be 
professionally and socially rewarding. The sponsor of the 27th Annual 
Meeting of the Society is the Ministry of Agriculture, Commonwealth of 
Dominica. 

I wish to extend my congratulations to the Organizing Committee for 
its efforts in preparing the technical sessions and other events that 
have been scheduled. The theme of this year's meeting--"New Directions 
in Sustainable Agrlculture"--ls an appropriate one to meet the challenges 
of the new decade in the field of agriculture. 

Before I give you an update of the status of the proceedings please 
Join me in extending to Dr. Miguel Lugo-L6pez and his wife, Aurora, heart-
felt appreciation and thanks for their dedication and commitment in accom-
plishing an "almost impossible" task of getting the proceedings published 
on time. I have been informed by them that the proceedings of last year's 
meeting in Puerto Rico and the meeting in Guadeloupe in 1989 should be 
available for distribution at this meeting. The only outstanding pro-
ceeding to be printed is fro· the meeting held in Antigua. 

I also wish to Inform you that the printing and editing of the pro-
ceedings, starting with this meeting, will now be handled by Puerto Rico, 
under Dr. and Mrs. Lugo-L6pec leaderahlp. Again, join me in thanking 
Dr. and Mrs. Lugo-L6pez for an outstanding job. 

We have received an acceptance from the Dominican Republic to host 
the 1992 meeting. Martinique has also accepted to host the 1993 meeting. 
And, in 1994, after a 10-year cycle, the meeting will be held in our beauti-
ful islands —the U.S. Virgin Islands. 

I have been requested to review the missions and goals of the Caribbean 
Food Crops Society for the benefit of the new members and the host country. 

Let me start by saying that the Caribbean Food Crops Society is an 
Independent professional organization of interdisciplinary orientation 
and membership. It is not affiliated with any private or public Institu-
tion anywhere. The objectives of the Society are to advance and foster 

^Delivered at the Opening Session, 27th CFCS Annual Meeting, Fort 
Toung Hotel, July 15, 1991. 
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Caribbean food production, processing and distribution in all aspects so 
as to help improve the standard of living among the people of the Carib-
bean. It brings together scholsrs, researchers, extensionlsts, growers, 
and other professionals associated with food production, distribution 
and policy. It seeks to involve member« from all four main language 
groups of the region—English, Spanish, French, and Dutch. 

Membership is open to all persons, firms or corporate bodies interer-
ested in the objectives of the Society. The dues for Individual and cor-
porate memberships are $25.00 per year, and sustaining membership is 
available for $100.00 per year. Individual and sustaining members receive 
thii newsletter and proceedings of the annual meetings. At present, there 
are some 350 active members on roll, representing 22 countries. Since 
Its first meeting in 1964, the Society has convened annual neetings in 
fourteen nations of the Caribbean. 

We look forward to a very successful meeting here in Dominica. Thank 
you. 
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IHK CHALLENGES OP SUSTAINING AGRICULTURAL DEVELOPMENT 
IN THE TEARS AHEAD1 

J. flemard Yankey 

Agricultural Economist 
OECS High Commissioner to Canada 

INTRODUCTION 

Over the last two decades, wis have seen in this region the exhaustion 
of development approaches which hnve given Industry priority over agri-
culture, ranging from levels of Incentives to institutional and infrastruc-
ture development support Including the quality and extent of public sector 
initiatives. 

Except for the sustained development of a few products In agroindus-
try, the manufacturing sector has not shown significnat growth in many 
of our developing economies. To demonstrate that point, the performance 
of the manufacturing sector of the region does not even feature in the 
annual analysis of the overall sector performance in the Annual Report 
of the Caribbean Development Bank. 

The tourism sector has a goodl potential as a major contributor to 
growth and development, If properly managed and appropriately marketed. 
Performance in the past decade has been good. Increasing competition 
from emerging and attractive alternative destinations, coupled by economic 
downturns and other difficulties affecting travellers, however, make the 
tourist Industry sn unpredictable foreign exchange earner, Income generator 
and employer of labor. There is, however, considerable scope for this 
sector in contributing to economic development. He will need a regional 
marketing strategy which promotes the island· of the Eastern Caribbean 
as a destination that offers specialized and unique tourism products on. 
a multiple-island destination basis, with high and consistent quality of 
service, and at prices which offer value for money. This has been 
advanced on numerous occasions by the Prime Minister of St. Lucia, and 
Ministers of Tourism of the Ulndward Islands. 

NEW DEVELOPMENTS 

As we enter the 1990's and the years ahead, we are being faced 
with the emergency of "Mega-markets". To cite three of importance, we 
have the financial and commercial unification of the EEC In 1993 (this 
is a bloc of 340 million people and a GDP of about US$5 trillion), the 
Canada/USA Free Trade Area (a bloc of more than 275 million people with 
a GDP of over US$5 trillion—a market which will shortly undergo another 
change with the incorporation of Mexico—an addition of 86 million 
people), and finally, the Pacific Rim Countries. 

1 Keynote address delivered at Opening Session, 27th CFCS Annual 
Meeting, Fort Young Hotel, July 15, 1991. 

3 



In the CARICOM Region and the OECS Sub-region, we are moving towards 
the establishment of a single market. The two processes have been given 
specific timetables. It is expected that developments will advance at a 
speedy pace. These regional and International developments offer regional 
agriculture significant opportunities as well as testing problems. These 
opportunities are rooted in the new and expanding markets that should be 
created. 

In this regard, we can also recognise the value of the transition 
movement of the Eastern European Countries toward free market economies 
and the perspective of new markets for tropical agricultural products in 
the medium-term, possible towards the end of this decade. Most important 
for our immediate consideration, and this is rather urgent, Is how we 
deal with these testing problems. The opportunities have been there and 
they will continue to expand, but how do we equip our production and 
marketing systems in agriculture to seize these opportunities to both 
selectively expand production capability, und to sell our products effec-
tively and efficiently. 

THE CHALLENGE IDENTIFIED 

What then are the testing problems? These are rooted In our ability 
to capture market share and to sell competitively by offering quality 
products which both the traditional and other products require at realis-
tic prices. Bearing in mind that prices of agricultural products fluc-
tuate—sometimes the swings are severe--snd given the fact that primary 
producers are price takers; consistent Improvements in productivity and 
quality (the former by Increasing the output/cost ratio) must be the 
prime objective in the strategy of thia sector. To remain in business 
at world competitive prices, as price subsidies are gradually being with-
drawn, a recommended approach will be the active promotion of our products 
In specialized niche markets as well as out traditional markets. Because 
of ouïr relatively ssm I I volumes, the former is a feasible companion, but 
it must be accessed through hands on experience and aggressive salesmanship, 
and the guts to hazard market risks with satisfactory outcomea. This then 
is the challenge that we face in the years ahead, if we are to sustain 
agricultural devleopment In the region. 

In our relatively small Island situation, with limited natural re-
sources and a fast growing population, (St. Lucia is close to 3 per cent 
p.a.) development strategies must be broad-based, balanced, and com-
plementary. However, whatever strategies lire followed, they must pay 
special attention to the role of agriculture and agrolndustry. It is a 
critical and major sector upon which the economies of most of the Eastern 
Caribbean countries can be continuously reactivated and sustained. 

Why is it so important to sustain agricultural development? 
Firstly, you never allow the wealth you have created to decline or dete-
riorate even if you are paying attention to something else. In develop-
ment, this does not make economic sense. It Is counterproductive. The 
strategy should always be to build on what you have and not at the 
expense of what is there. Secondly, agriculture contributes so significantly 
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to economic development In amall Inland states that Its Importance must 
not be understated. It provides Income and employment directly. Through 
the multiplier effect, It stimulates the growth of other sectors (commerce, 
transport, construction, et al.). It provides food security. It provides 
raw material for manufacturing (agroindustry). It improves the assetworth 
of a significant proportion of the population--people who live in rural 
areas. This generates additional participation In democratic processes 
and rights. It facilitates Increasing domestic savings for Investment in 
Improving the quality of rural life. In real terms, it contributes to 
rurallzation as an alternative to urbanization which we so often encourage 
without economic foundation. 

REVIEW OF AGRICULTURE IN THE EASTERN CARIBBEAN DURING THE I960's 

A brief review and reflection on the performance of agriculture in 
the Eastern Caribbean during the 1980's will indicate where we are and 
the workload that has to be tackled as a matter of urgency. This should 
sensitize all those involved in agricultural development) the farmers, 
the technicians and professionals, the ministries of agriculture and infra-
structure, the production, marketing and research institutions, the farmers' 
organizations, the range of people engaged in marketing agricultural pro-
ducts, the credit and services institutions, the transport systems, and 
the labor force. 

This period of agriculture has experienced variable performance as 
follows: 

- Declining trends in sugar production. 

- Expansion In output of Windward Islands bananas except when 
affected by natural disasters, but with variable standards of 
quality—some of which have been so bad that this has led to 
growing concerns of buyers, consumers and the authority which 
guarantees the market. 

- Fluctuating levels of output of food crops--frults, root crops 
and vegetables. This can be attributed to a number of factors 
such as increasing food production In some major regional markets, 
unstable market arrangements,, the existence in some markets of 
non-tariff barriers to entry of fruits, growing imports of extra-
regional food products, the udverse Impact of heightened incidence 
of praedial larceny, and acute competition in the USVI markets. 
Whilst these problems are being experienced, food surpluses exist in 
the ground. 

- Generally unstable world marV;et conditions for cocoa and spices, 
resulting in fluctuating levels of output and prices. 

- Relative decline in research priorités geared to objectives 
of productivity, quality and cost management. 
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MEETING THE CHALLENGE 

Let ue analyze the critical issues and concerns in agriculture in 
Che region, which needs to be addressed to meet the challenge ahead. 
For this purpose, I wish to highlight teven areas of attention for your 
consideration and discussions on spproprlate action, In the course of 
your deliberations. And, as part of the follow-up for priority atten-
tion when you return to your various work statlona to face the desiands 
for increasing development of agriculture. These are as follows: 

- Judicious and effective management of the natural resources and 
the environment. 

- Efficient allocation of scarce resource's within the agricultural 
sector and between sectos. 

- Prudent management of cost in production, marketing, organiza-
tional operations, the development of field staff, the execution 
and delivery of research, et al. 

- Progressive improvements in competitiveness through increasing 
productivity, with specific policy guidelines in such areas as 
realistic pricing and quality market standards. 

- Developing and maintaining a symbiotic market product-mix in 
agriculture that will optimize the diversification objective. 

- Continuous improvements in the efficiency of domestic agriculture 
to enable the subsector to contribute to net savings In foreign 
earnings, food security and increasing savings out of farm 
Incomes for improvements in existing farm activities and alterna-
tive farm investments. 

- Coordination and integration of agricultural research at the 
national and regional levels. 

This package of objectives which must be achieved to face the 
challenge ahead, should set the bssls for the development of a compre-
hensive medium-term but priority series of work programmes with a set 
of interrelated, well coordinated activities, for strengthening and 
sustaining agriculture in the medium-term. As professionals, it will 
be difficult to undertake Individual tasks to advance the development 
of agriculture, without collectively dealing with these issues and solu-
tions of substance. 

Sustainable development has been described as a matter of live and 
death for a natural resource dependent area such as the Caribbean. 
Natural resource Intensity, often in products for export, has historic-
ally been one of the main features of productive activity in the region. 
Agriculture, forestry, fishing, and above all, tourism, all depend 
for their economic success on good management of natural resources 
and on a healthy and productive environment. Yet we have in the 
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Caribbean, good evidence that aoll eroalon 1b «tripping the productive 
highlands and leading to slltatlon of some of the region's coral reefs, 
and to the elimination of critical fish habitat. Good quality lands and 
suitable located supplies of fresh water for Irrigation and other uses In 
agriculture are critical scarce resources in most Caribbean countries.. 
Yet, many current agricultural activities are intensive and generally 
destructive in their use of these scarce resources. In addition, pres-
sures on marginal lands are Increasingly rapidly—much more than we are 
aware. Both land use and water rights need to be re-examined In the light 
of scarcity and the costs of development because of misuse. 

The practice of land zoning according to productive capability and 
corresponding market output has always been recommended. But, in most 
countries, we have shield sway from implementation. Of course, there arc 
considerations which must be taken into account before such a programme la 
effective. But that does not prevent it from happening. He need to find 
alternatives for farmers earmarked to be displaced. It will be finding 
markets for production suitable to their area or it may be a question of 
relocation to a suitable zone if the aame enterprise is to be pursued. 
At the same time, we muat look at the benefits--lmproving productivity and 
quallty--to face competitiveness, as well as reducing the overall cost of 
services provided to particular groups of farmers. All these efforts at 
judicious management of the natural resources will enable any country to 
sustain its development of agriculture. 

In amall Island economies, all the critical reaourcea for development 
are relatively scarce. They are scarce In any sector but there is even 
greater scarcity In the flow of resources between sectors. This scarcity 
places a brake on the speed of the development process. But this brake 
is even more acute where inefficiencies in allocation exist. 

Let us deal with human resources. In agriculture, we need expertise 
at the technical, professional, finance/project evaluation and managerial 
levels, among others. He can also desegregate management to include the 
supervisory service, middle-management and top-management. There are 
scarcities at all levels. In part, training is provided to deal with this. 
But there is the fall-out rate. With such a background of scarcity, what 
does one find? There Is underutllization of people. Training is requested 
according to individual's interest as against the national need. There is 
tremendous duplication and overlap. Some Institutions are overstaffed 
whilst others are understaffed. In small countries where farmers 
generally produce multiple crops, principally as a buffer against market 
risks and for food security, one finds two extension services. Each 
acting in a competitive way but serving the same farmers. What a classical 
case of inefficient allocation of resources! By integrating such a service, 
provision can be made for better qualified staff, greater Incentives as 
rewarded for export, and a more effectively integrated work programme can 
be implemented, with adequate monitoring and evaluation practices in place. 
If we are to make agriculture competitive by reducing our costs at all 
levels In the system, there will be an urgent need for addressing the 
problem of inefficient allocation of scsrce human resources. 
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The issue of prudent Management of coats cannot be over-emphasized. 
In agriculture, we are price-takers. Therefore, we must always be 
searching for Innovative waya to Increase the relative rates of output to 
costs by getting greater output from a unit of money spent, as well as by 
reducing/eliminating wastage. If we are to sustain the development of 
agriculture, we will always need to negotiate guaranteed markets. But 
we will also need to accept the fact that prices offered will fluctuate 
up and down around world market prices, and that price expectations 
must be realistic accordingly. Any gain from foreign exchange movements 
Is not a function of value and price. Hence the pressure must be on the 
management of costs and not the obaesslon of lncressing prices. And, to 
be frsnk, the problem of management of costs does not rest with the farmer. 
It is a serious problem with producer and service/marketing organizations. 
I have estimated that inefficiencies in service/marketing organizations 
Teduce the price which could be passed on to the farmer by as much as 20 
per cent. It may be more. If that element of price could be saved and 
Invested on behalf of the farswr, this is a sure way of sustaining the 
development of the particular industry. 

Management of costs by containing It within well-defined parameters, 
while achieving specific production targets, does not only facilitate 
competitiveness. It also frees funds for other priority activities In 
agriculture, for example, much needed problem-solving resesrch. At the 
same time, the development of field staff to promote efficient production 
and marketing, as well aa the execution and delivery of research, should 
be organized in a manner that the costs per activity becomes a prime 
target for continuous review and containment. This requires good manage-
ment. Funds freed by saving· in coat of operations which are normally 
provided by the public aector or the farmer could be effectively releaaed 
for credit to agriculture and natural resource management, without having 
to look always to aid donors. Aid donor· tend to dlct«te the design of 
our development programme· which are not nlwaya in our beet interest. 
Funds freed by savings in cost· of operation· could also be used to estab-
lish a stabilizing fund for agricultural diversification. A programme 
which will never be touched by any aid donor. Tou will note therefore, 
that good management of coats «nable« fund· to be freed for other Important 
programme· in the development of agriculture. 

The need to pay particular attention to improving competitiveness 
through Increasing productivity in all activities of production and 
marketing cannot be overemphasized. This Is an area which public decision-
making most focus on and action taken irrespective of the level of popular-
ity. The areas that should be carefully examined are set out as follows: 

- The use of time 
ο How is it spent by the farmer. 
ο Are you doing the same thing more, than once and therefore 

spending more time than la required? 
ο Are tasks so organized, that labour Is ready to work on 

arrivalî 
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- The application of technology 

ο How Is it done? 
ο The timing; 
ο The condition of the farn; 
ο The quality of the farmer to determine how to promote the 

adoption of an innovative technique; 
ο The knowledge of labour to its application; 
ο The training of labour to enable them to perform better; 
ο The storage of the supply; 
ο Is the technology working? and so on. 

- The use of land 

ο The quality of the land; 
ο The preparation for production; 
ο The maintenance of its condition; 
ο The climatic conditions that impact on production. 

- Management 

ο How are activities organized? 
ο How are records kept for monitoring of output and costs; 
ο Are some actlvltlea questionable and therefore subject to review? 
ο How are output and costs problems Identified and dealt with; 
ο What Incentives you can afford to offer to labour to keep 

them motivated? 
ο How best do you organize und supervise labour to ensure that 

the optimum number of tasks are achieved per day? 
ο Are financial results Improving and If not, can the problem 

be identified and corrected? 

This is an area pleading for intensive research at the farm level. 

The process of diversification of agriculture which is so important 
to remove dominance of one crop, au well as to make optimum use of land,, 
climatic and labour resources, needs special attention in its enabling 
role In facing the challenge of suntslning agricultural development. 

Starting from where we are now, In many of the Caribbean countries,, 
there are agricultural products already In production in sufficient 
quantities, but cannot be marketed. This production has to be marketed 
before diversification can be sustulned. Farmers will not leave what 
they have, which they cannot sell, to produce new crops which they have no 
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guarantee of selling at realistic prices. They see themselves repeating 
the old problem. At the same time, there is truth in the promise that 
agricultural diversification must be market-led. It must be market-led 
for what Is being already produced as well as for the new potential 
products which are presently In great demand. 

Whatever the diversification thrucit however, it is important to use 
the dominant as the spring-board for advancing the process. The manage-
ment experience, facilities, services, and marketing organization, where 
well-developed and successful, can be used to push the additional crops 
in both production and marketing, and thereby removing all duplication 
and overlap, and the wastage and costs that could emerge. The agricul-
tural diversificstion process must Integrate the production systems that 
it promotes, and this must be accomplished within a symbiotic product-mix 
if agricultural development, utilizing this balance approach, is to be 
sustained. 

The development of domestic agriculture is an essential component 
In sustaining agricultural development. Currently many countries are 
experiencing a surplus of food In the ground which cannot be sold. At 
the same time, prices In domestic markets appear excessively high and 
unrealistic. Domestic agriculture needs new directions to enable it to 
fully develop its scope for development. First of sll, food supplies 
should be on the domestic markets on a daily baala--be it the traditional 
open market, the aupermarket, the wholeaale farm outlet. Standarda 
should be established and maintained and recipea should be provided to 
encourage increasing consumption. .Thin requires effective marketing 
support. 

There Is a wide range of both vegetable and root crops which can be 
produced in many of the agricultural aystems In the Caribbean. Some of 
these products are good intercrops. There is need for a bold effort to 
determine a reasonable number--not a lnrge number--of those specific 
crops which can be produced under suitable conditions with good rates of 
return and to pursue those. Then research activities should be concen-
trated on those so identified with good! production and marketing potential 
In such areas of varietal testing, technology application, input pack-
ages, harvesting techniques, post-harvest management Including storage 
and quality control. By fostering the development of domestic agricul-
ture, food security will be assured. However, this must be supported by 
aggressive sales marketing to facilitate increasing consumption of 
domestically produced foods. By so doing both the system of multiple 
cropping which is generally adopted and the strength of the domestic 
market place will add another dimension to agricultural development at 
a sustaining level. 

In addition to these, increasing domestic agriculture can contrib-
ute to net savings in foreign earnings which will be required for other 
activities to support agriculture. At the same time, it can support 
Increases in rural farm savings to enable small farmers to invest more 
in innovative ways of doing things. 
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In promoting production and marketing practices, Innovations should 
not outstrip the capability of the farmer to understand and use. These 
must be developed In harmony with the system. Obviously, this will be 
the business of extension research and development. 

Lastly, the big question of agricultural research and how much more 
can be done in this area to facilitate sustained agricultural development. 
To achieve this, research must focus on the following: 

- Natural resource management and the environment. 

- Productivity and quality Improvements. 

- Management of costs in all critical operations of the agricultu-
ral sector. 

- Development of aggressive marketing salesmanship including the 
human assimilation of risks involved by product and market. 

- Determination of an efficient and responsive domestic agriculture 
that la totally integrated in the agricultural system. 

The new direction for agricultural research, if it has be be cost-
effective in small Island countries, must be build on a holistic approach. 
It must give priority attention to problem-aolvlgn concerns, as well as 
to innovations that have been developed but require testing in our 
situation. 

Above all, however, is that research in agriculture must get its act 
together. There muat be one set of national research objectives, deter-
mined by and large by the farmers, their organizationa and technical 
expertise support. In each country, there should be one agency under-
taking research, not the numbers that have become fashionable. It 
doesn't matter where the funds come from. The monies should be pooled 
together, and organized and managed by one research agency with a clear 
public sector mandate to undertake all agricultural research for the 
Individual country. By so doing, research can be based on priority 
national needs which all agriculture Is aware of. Care will be taken to 
refer to work already concluded so that the wheel will not be re-invented 
continuously. There will be more effective management of staff resources 
and costs. Resesrch will not be based on one profeslonal's idea of what 
should be tackled. The time span on research could be effectively 
shortened. Results would be subjected to scrutiny and should then be 
properly analyzed, disseminated and stored for reference. In such a 
system, research staff would have to perform and be accountable. 

Such an approach to agricultural resesrch, which emphasizes full 
Integration of all research activities and establishes a regional network 
of consultation and referencing among national research institutions, will 
guarantee value for money from resesrch in agriculture. It will also place 
farmers, farmer organizations and governments in a secure position to suc-
ceed in meeting the challenge of sustaining agricultural development in 
the years ahead. 
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I hare been asked how can all these be achieved. I called these 
testing problems. These problems test our will, skill, commitment, end 
determination to resolve them. As a people, we have these all, so we 
can. 

Thank you for this kind invitation. 
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VOTE OIF THANKS 1 

H. A. Lugo-L(pez 

Vice-Chairman, Board of Directors 
Caribbean Food Crops Society 

Thank you, Mr. Chairman. It Is Indeed a real pleasure and my privilege 
to extend a Vote of Thanks, on behalf of the directors and members of the 
Caribbean Food Crops Society and of all others participating In our 27th 
Annual Meeting, to those who have made, in one way or another, this meeting 
a reality. He long dreamed of coming to the Commonwealth of Dominica and 
enjoying the well known hospitality of its people. 

To Your Excellency, Sir Clarence Selgnoret, President of the Commonwealth 
of Dominica, for honoring ua with your presence. We are very grateful to you. 
Also to the Hon. Prime Minister, Eugenia Charles, for formally opening this 
meeting. May I take the liberty of saying at this time, Miss Charles, that 
we are aware that you have already a unique plaque in history as the first 
lady to rlae to such a high government office in the Caribbean. May I fur-
ther say that In Puerto Rico your name Is very familiar since you sre one 
of our best friends and one of our most distinguished partners in our effort 
to establish twin planta in the Caribbean. I will like to thank you on 
behalf of our people. I convey greetings from Gov. Rafael Hernindez Colδη 
and from Secretary of State, Antonio J. Colorado. 

Thanks to the Hon. Heskeith Alexander, Minister of Labor and Acting 
Minister of Agriculture of the Commonwealth of Dominica for your kind and 
warm welcome addreas. To the distinguished economist Dr. J. Bernard Yankey, 
for his excellent and timely keynote address on the challenge of sustain-
able agriculture. Thanks are due to Dr. Darshan S. Padda, Vice President 
for Research and Land-Grant Prograns of the University of the Virgin Islands. 
As Chairman of the Board of Director» and CEO of CFCS, his participation at 
this ceremony is appreciated. Ue praise his unfailing faith and unexcelled 
leadership. 

Our particular appreciation to Mr. Ellud Williams, Permanent Secretary 
of the Ministry of Agriculture of Dominica, and President of the CFCS for 
his untiring efforts in organizing an excellent program of activities for 
this week. To the Local Committee that helped Mr. Williams in this 
challenging and difficult taski I want to recognize John Mclntyre, Charles 
James, Oliver Grell, Richard Allport, Rowland Fletcher, Winston Maglorie, 
Collin Bully, Urban Martin, Gregory Robin, Errol Harris, Dr. Donovan 
Robinson, Claudia Bellot and Rosamund Horsford. Thanks to all those that 
helped in the Secretariat, including this nice lady, Mrs. Aurora Lugo-L6pez. 

lDellvered at the Opening Session, 27th CFCS Annual Meeting, Fort 
Young Hotel, July 15, 1991. 
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I also wish to thank the management and stsff of the Fort Young Hotel 
for their kind attentions and hospitality and for making us feel at home. 

It is likely that I might have left out someone, but deep from my 
heart please receive our sincere expression of gratitude. 

I feel emotionally compelled tc> say that I was privileged to share a 
friendship of many years with Clem Dupigny. I will always remember him 
as a very dear one. Thank you. 
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TRADE AND OTHER ISSUES AFFECTING SUSTAINABLE AGRICULTURE1 

C. Haynard 

Minister of Trade, industry and Tourism 
Commonwealth of Dominica 

Every time we consider support for agriculture in our region and Indeed 
for the goods that we produce at a conference of this type, the first ques-
tion that strikes me is: How have the participants themselves taken step» 
to ensure a sustainable agriculture? We have held the conference here In 
Dominica, we have had over a hundred overseas participants. Can we conclude 
that by the things that you have consumed while you are here and Indeed, 
by the items that will be served at the Banquet that you will be ensuring a 
sustainable agriculture? 

My theme tonight has to do with the trade and other issues affecting 
sustainable agriculture. So we will start with the assumption that agri-
culture cannot be sustained unless the product that comes out of the 
efforts of the farmer and of the resesrch activities of the Caribbean Food 
Crops Society find a ready market, and the first and immediate available 
market has to be the local market. In terms of our regional perspective, 
I define the regional market as the market of the Caribbean Community and 
I have the liberty, I expect, to extend it to the area covered by the 
Caribbean Food Crops Society. 

In discussions that you have been having and in the analysis you have 
been doing, you have been looking at a. number of issues including food 
security, Increasing foreign exchange earnings through exports and of 
course, sustainable agriculture. In the course of your analysis, you have 
been paying attention to concerns that have to do with land use planning, 
land tenure, appropriate technology and government policies concerning 
production factors such as infrastructure, roads, use of inputs and a host 
of others. But all these lead In one direction. The final outcome Is a 
product, that if farmer cannot dispose of it, agriculture cannot be ' 
sustained. If people out there cannot be persuaded to use the product of 
sustainable agriculture, however we define it, it remains a concept un-
related to reality. So the first issue I will naturally tackle has to do 
with the kind of research that is being undertaken to understand the atti-
tudes of our people towards the agricultural products that we produce. 

If we went around our supermarkets end our outlets for agricultural 
produce, what would we find? Would we find a preference for locally 
produced goods or would we find a preference for what comes from outside? 
At a recent Heads of Government Conference in Saint Kitts/Nevis, I was 
rather surprised to find that at the hotel where the Heads and Ministers 
were staying we were offered pepper sauce from Louisiana. If you go 

'•Keynote address delivered at Annual Banquet, 27th CFCS Annual 
Meeting, Layou River Hotel, July 18, 1991. 
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throughout the region, you find a great emphasis on temperate fruits and 
vegetables. The staggering fact is that ti recent paper presented to OECS 
Trade Ministers at their recent meeting in Grenada revealed that we import 
into the OECS 50 million dollars worth of fruits and vegetables that could 
be produced within our region. 

If agriculture and farmers have to be sustained in our region, radical 
steps have to be taken to produce the things that we require to consume 
them. Reginald Waiter, Professor of Food Science at Cornell University, 
at the 26th Annual Meeting had this to say: "Primary agriculture In the 
Caribbean is at a stage when a concomitant programme of advanced food 
processing is the obvious next agenda topic". He goes on to suggest that 
continent ready to eat microwaveable food facilitated by dehydrated foods 
snd vegetables are recent consumer trend» that cannot be ignored. 

What is the experience? Again, throughout our consumer outlets we see 
large quantities of imported agroproductn and juices and vegetables from 
outside of the region that are available within the region. Sustainable 
agriculture requires that we find mechanisms for ensuring that we influence 
the taste buds of our people in favor of the things that we produce. This 
is a challenge for society and for governments, for the media and for all 
those in our region who wish to see sustainable agriculture develop. A 
related trade Issue has to do with the linkage between tourism and sustain-
able agriculture. I was very pleased when two years ago at our Standing 
Committee Meeting of Ministers of Agriculture, here in Dominica, the Trinidad 
Minister of Agriculture observed that it in unusual for him to go into a 
country and go to a hotel or food establishment and within one day was able 
to be exposed to six different types of ju:Lces based on local produce. 
There has been a radical change in Dominien, if I may say so, in terms of 
using the local produce. The advent of the blender in the seventies, a 
strong programme of nutrition education by the Food and Nutrition Council, 
supported by some of our leading professionals and with the strong arm of 
Government behind the effort, resulted in dome changes in our people's 
attitude towards the local product. 

I was surprised to learn that in one country where we had a conference, 
both the hotelier and local staff were opposed to using breadfruit for various 
dishes because It was considered not the thing to do. If the recipe had been 
something from North America it would receive full approval. There have been 
many new recipes developed for the use of breadfruits, yams and so many of 
our crops to provide the large clientele that comes to us from overseas In 
the tourism business. Perhaps nothing contributes considerably more to 
sustainable agriculture and to provide a continuing avenue for our farmers 
than a working relationship between our hotels and the agricultural sector. 

The Caribbean Tourism Organization which I am now the Chairman, is 
dedicated to mapping out the strategy that: will provide a linkage and a 
strong one between agriculture and tourism. Indeed, if public policy is 
directed at ensuring that we manage the tourism sector to sustain our environ-
ment, to provide foreign exchange, to create Jobs, then it makes tourism a 
continuing growth area to support an improved quality of life for our people. 
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No examination of this Issue before us could be complete without 
understanding how agricultural subsidies, provided by the developed 
countries, Impact on sustainable agriculture In our region. The February 
1991 issue of the Readers Digest has an article entitled "One Hundred and 
Ninety-four Million Dollars Isn't Peanuts". The article then goes on to 
indicate that what makes the land dedicated to peanuts in the United States 
so appealing, is that peanut quotas i.n the United States are worth to one 
farmer for million dollars. The Government not only guarantees that quota 
owners will recoup their production cost each year but also see to it that 
their minimum selling price is about fifty per cent higher than that of the 
world market price. Peanut processors say every mother feeding her children 
peanut sandwiches also pays a cost. So too for every baseball fan munching 
on ballpack peanuts. In addition, the United States Department of Agricul-
ture estimates that an extra one hundred and ninety million dollars a year 
In hidden subsidies must be added to the quota. The conclusion is that 
farmers qualify for a support price of six hundred and thirty-one dollars 
a ton on the peanuts they produce, enough to ensure a profit of a hundred 
and two hundred dollars a ton. And we are in a period when there is con-
siderable pressure by the United States for removing protectionism in 
agriculture. 

In his book "The Challenge of Europe", Michael Hesseltine, the current 
Minister of Environment in the U.K. and former Minister of Defense, suggests 
that the EEC's Common Agricultural Policy is a definite deterrent to agri-
cultural development in the developing countries. He tells us that the 
communities regional fund Is designed "to help under-developed rural areas 
whose economies depend for the most part on agriculture and those areas 
whose former prosperity was founded on Industries which are now In decline 
such as coal, steel, ship building or textiles". 

The policy which is by way of subsidies provides finance for pro-
grammes, the effect of which is to enable farmers who would have gone out 
of business long ago, to obtain guarantees for share surpluses and pro-
tection against competition from cheap Imports, courtesy of the common-
agricultural policy. The absurdity does not stop there. The community, 
we learn, from an article in the July 6th to 12th issue of the Economist, 
has just sold of (hugely subsidized by tax payers) forty thousand tons 
of surplus beef to Brazil where local farmers produce it at a fraction 
of E.E.C. costs. It Is instructive to note that the article points out 
that the E.E.C. has set itself up as a model market economy for its 
polish, Czechoslovak and hungarlan neighbors, yet in the current trade 
negotiations with them, it wants to keep out the farm goods, in which they 
are competitive. The subsidies run into billions of dollars annually. 

American agricultural subsidies cost approximately the same as Carib-
bean subsidies. The Americans provide a loan rate scheme by which cut 
price loans are extended to farmers and the Government guarantees to buy 
part of the produce to keep up the level of subsidies. That way, we are 
told, the loans get repaid and state subsidies are paid on top of consider-
able federal subsidies. In Japan, intervention buying, as It is called, 
to sustain small farmers, note the word sustain, leads to a level of sub-
sidies that is around two and a half times that of Europe as a percentage 
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of the GDP. At its most extreme, Hesel tine indicates that Japanese crop 
producers receive ninety-two per cent of their income by way of subsidy. 
When we reflect on these trade concerns und their Impact on sustainable 
agriculture, we understand the effect this has on the international 
tendency that exists for us to try to Import temperate fruits (apples, 
peaches, etc.)., int our region at highly subsidized prices at the expense 
of our farmers, our agriculture, Jobs end the rural development of our 
islands. These are serious concerns lr. any form like yours are concerned 
with a theme that has the label sustainable agriculture. 

Recent trends indicate that our copra Industry and coconut farmers 
are in serious problems in our region. Soya is rapidly taking over from 
coconut—soya from outside or our region. Those of us who went Into pro-
grammes of coconut production In a serious way had a good thing for a 
while. The agriculture and the farmer& were sustained until cholesterol 
came into the picture. However much, the researchers, like yourselves, 
and the scientists, have told us that there is no relationship between 
coconut oil and high choleaterol, we are bombarded daily by Cable News 
Network (CNN) and other media, by nutritionists from the third world 
telling us that soya is good for us, coconut oil is bad for us. It is 
instructive that our own farmers and many who wish to demonstrate for 
governments to ensure that their produce can be sold, do not themselves 
use coconut oils. Someone said the media is the message. We see a great 
challenge to sustainable agriculture in this kind of context. What conclu-
sions can your conference draw from this situation? But before we conclude, 
I would add another factor affecting sustainable agriculture. It is labor 
and the productivity of labor in agriculture. Farmers are telling us that 
at forty and fifty dollars a day in Dominica they cannot get labor. When 
they get labor a day means two to three hours. Can we sustain agriculture 
with that sort of work ethlc7 We require a major think tank review on the 
work ethic in our region. 

How do we address these Issues? The recent remarks that we hear from 
young people themselves, from not so young people, from those In agricul-
ture business, in managing factors of production, in the public sector, 
In the private sector generally, Is that there is a great desire to obtain 
money without putting in any effort. Those of us in positions of leader-
ship must engage in a great public debate on this issue if we are to meet 
the challenges of competition in the post 1992 situation. 

Quality, whenever it is urged on farmers, particularly in the banana 
industry, is seen as an imposition by Government, by the managers and the 
board of directors of our agricultural association. One very well known 
Jamaican entrepreneur once said to me, that to give a man a license or to 
enable a man to produce under conditions of production without some con-
cern for quality Is to give him a license to steal. So what is the role 
of the scientists, of researchers, of our extension staff, of our profes-
sionals in agriculture and what is the role of your conference in addres-
sing these Issues? What is the role of the media? We see the role that 
is |playing the media in the U.S. in favouring u.S. produce. 
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In all countries there is a big drive today to buy things made in 
the U.S. Could we have a similar drive to buy things made in CARICOM, 
made in our region, always having regard of course to a desire to improve 
quality? Always ensuring that we do not put Improved quality as an excuse 
for not buying the things that we produce? Food security cannot be provided 
without ensuring that there is security for the farmer, in addition that 
he produces and of his ability to dispose of them. But as I conclude this 
analysis, we have to ask ourselves, how do we deal with Issues of price if 
we have to sustain agriculture? 

Can we proceed on the basis of fixing prices by ourselves? Ue say we 
are price takers, we are certainly not price takers in the local market. 
Ue have an approach, If you don't want it leave it. That approach cannot 
apply in international trade, so we have to educate our farmers to under-
stand that the goods that we produce .ire in competition with others and that 
he does best when he can make some effort to meet the competition and it 
is not always possible to get the price that he estimates In his own Judge-
ment that he should get. So the effort to sustain trade in agriculture, 
as I have expressed them to you, suggests much work needs to be done. The 
work would have been contributed to, if when we have paid our bills, those 
of us who are from overseas, we can feel sure that seventy-five per cent 
and more of the money will remain in our region largely because we con-
sume the things that the farmer produces in furtherance of our goal of 
ensuring sustainable agriculture. 
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BANQUET RIMARKSt 

D. S. Padda 

Chairman of the Board of Directors 
Caribbean Food Crops Society 

Your Excellency, President Seignoret of Dominica, honorable ministers, 
Mr. Williams, other distinguished members of the head table, ladies and 
gentlemen: 

On behalf of the membership of the Caribbean Food Crops Society, I 
wish to thank the government of the Commonwealth of Dominica for hosting 
our Society's Annual Meeting. 

The local organizing committee, under the leadership of Permanent 
Secretary Ellud Williams, has done an outstanding job. We have found our 
visit to this beautiful island professionally rewarding and socially 
enriching. 

The program activities were well planned and the field tours were 
carefully designed to give us a real insight of the agricultural industry 
of Dominica. Our hosts have gone out of their way to meet our individual, 
as well as collective, needs. I request my fellow CFCS members to join me 
in giving our hosts a big hand of applause. 

This is our twenty-seventh annual meeting. Our meetings are held on 
a different island every year with two purposes In mlndi Firstly, to pro-
vide an opportunity for CFCS members to gain first-hand knowledge of the 
host country's agricultural Industry and study both the strengths and 
weaknesses for mutual benefit; and, secondly, an equally important purpose 
is to focus collectively our attention to regional agricultural expertise 
in offering assistance to the host country. 

We were very pleased with the media attention given to agriculture as 
a result of our meeting, and we wish to offer our Society's hand for help, 
which can take two forms: 

1. All members who have suggestions for Dominica are encouraged 
to write to Mr. Williams. 

2. The Government of the Commonwealth of Dominica is welcome to 
ask the Society for assistance in providing scientific litera-
ture, as well as subject matter technical assistance. 

Some of us feel that Dominica has u great potential in agriculture, 
and the Society is willing to work with the government to achieve your 
potential. Your desire to diversify is understandable. However, we feel 
you should continue to capitalize on your success in banana. 

^Delivered at Annual Banquet, 27th CFCS Annual Meeting, Layou River 
Hotel, July 18, 1991. 
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The key to success in banana is that it has a guaranteed market. New 
crops, like ginger and herbs and spices, offer great promise. But for 
these crops to become important agricultural enterprises, just like 
bananas, marketing should be the first consideration. Production and mar-
keting are like two wheels of the cart and must be considered simulta-
neously. We applaud Dominica's effort to encourage new farms, but we 
feel these farmers can use additional technical assistance in improving 
existing crop production practices. 

Without taking too much of your time, let me sincerely thank the 
government of the Commonwealth of Dominica and the people of the Island 
and offer our collective help in any way we can. 

Thank you very much. 
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LAND REFORM FOR SUSTAINABLE AGRICULTURAL DEVELOPMENT 
III TUR EASTERN CARIBBEAN 

D. A. Campbell 

Outreach Lecturer 
University of the West Indie· 

St. Augustine, Trinidad 

ABSTRACT 

Sustainable agricultural development depends on access to land and judi-
cious use made of that land. Such use· tihould be geared to satisfy two ends: 
export production to obtain foreign exchange and local production for food 
security. If sustalnablllty is sought, however, the effective use of land 
is hampered by several factors, some intrinsic to the farm such as the ade-
quate use of technologies, and others extrinsic to the farm such as re-market, 
credit, and extension services. Finally, the author proposes the land bank 
concept as a means to address many of the problems which other land reform 
programmes have failed to address. If these are not put In place, there is 
the possibility that no matter what land reform strategy la used, it will 
prove to be deficient. 

INTRODUCTION 

Land reform has been regarded as an instrument of social change and eco-
nomic progress. In the Caribbean the history of land and man is filled with 
examples of the above. In each case the over the counter reasons given for 
land reform are the redistribution of wealth and the change in the social 
order. Whatever the case the fundamental conditions leading to land reform 
are: 

* A response to land-related problem» which are deemed socially 
unacceptable; 

* Attempt to restructure the institutional framework of land 
ownership and land use; 

* Attempt to transfer power property and 9tatus from one group to 
another; and finally 

* Efforts to stimulate economic growth. 

These conditions are not mutually exclusive. In this paper land reform is 
defined as a change in the tenurial pattern of the land, while sustainable 
agriculture is looked at from two perspectives: (1) physical and (2) social. 
Physical sustainability looks at the use of agricultural lands with regards 
to the potential for future generation while social sustainability looks at 
the farming system which ensures access to resources and empowers the working 
class. This paper, therefore, examines land reform in the Eastern Caribbean 
since emancipation showing the problems which it addressed and proposes an 
alternative model which the author hopes will lead to sustainable development. 



LAND TENURE AND ECONOMIC GROWTH SINCE EMANCIPATION 

In the late 19th and early 20th century the plantation system dominated 
the land tenure pattern In the Eastern Caribbean. These plantations were 
mainly privately owned. Side by side with the plantation system was the 
presence of an emerging peasantry. As in the other parts of the world where 
such a system exists, the plantation occupied the best arable lands while 
the peasants occupied the marginal lands surrounding the estates. This 
special relationship was encouraged for the prime reason of providing labour 
for the plantation system. 

Agricultural production on the plantation was geared towards the export 
market while the peasantry produced food for the local market. This model 
produced economic sustainability since the two Important objectives of agri-
cultural production were met: (1) production geared to obtain foreign 
exchange and, (2) production geared towards food security. However, this 
system was not socially acceptable because both economic and social power 
remained in the hands of plantation owner·. 

The fail in sugar prices in the first half of the 20th century provided 
the first real opportunity for land reform In the Eastern Caribbean. Estate 
owners were no longer able to pay their workers, many estates became en-
cumbered. Many estates were sold out to peasant· either entirely or In 
part. This economic down-turn brought: about the region's first spontaneous 
land reform since emancipation. However, although there was a change of 
tenurial pattern, the overall economic and social power base of the Islands 
did not change. 

In the Windwards, where the plantation* were privately owned, the situa-
tion was more acute than in the Leewards where the plantations were state 
owned. The British introduced banana production in the Windwards as a means 
to stop the rising social conflict. Banana production was labour-intensive 
and adaptable to the small farm situation. This crop allowed for the con-
tinued provision of foreign exchange since it was geared for the export 
market. Small farmers for the first time contributed to the generation of 
foreign exchange earnings. They also increased significantly their capital 
base and were now In a better position to challenge the plantation system by 
having the economic base to buy lands as they became available. What was 
observed at that period of time was n rise in ownership and a fall in tenancy. 
This phenomena was observed in other countries. The United States experience 
shows that as agriculture becomes prosperous ownership increased in relation 
to tenancy. One can conclude, therefore, that as agriculture becomes pros-
perous, the demand for land will Increase. In the Eastern Caribbean where 
land is limited because of size and other sectorial demands like tourism, 
housing and Industry, it can create serious social pressures especially when 
agriculture is prosperous, this situation can In turn engender land reform. 

The rise of the banana Industry in the Windwards and vegetable produc-
tion in the Leewards created opportunities for the small farmer to acquire 
land and in so doing obtaining some economic and social power. In the Wind-
wards the rural folks withheld their labour bringing down many estates in 
the process. Some of these lands were bought by the rural people. 
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The plantation system was slowly being eroded away, at the same time 
the economic success of the banana industry pushed small farmers towards 
producing more bananas for export at the expense of local food production. 
The farming systems, geared to feed the family and earn money for buying 
goods not produced on farm, was changed to one of obtaining money to buy 
nearly all that is needed for the survival of the farm family. The produc-
tion system which earlier ensured food security and foreign exchange earnings 
was slowly being eroded away. Today land reform mearures are now being im-
plemented to ensure that a sustainable balance 1· achieved; one example is 
the Habouya Valley Development ProJect--St. Lucia--which ensures that the 
production system encompasses export cropn and food crops, unlike the 
St. Lucia Model Farms whose production syntem was geared for export. 

EXAMPLES OF LAND REFORM 

The land reform measures employed In the Eastern Caribbean falls into 
two categories! Distribution Reform and Collectivist Reform. 

Distribution Reform 

Distributionist reform allows for the land to be distributed to the land-
less. These lands can either be expropiated in the case of privately owned 
lands or released in the case of state farms. In Grenada, the "Land for the 
Landless Programme" implemented by the Gairy's regime is an example of this 
reform. In the Leewards, the state distributes land on a lease basis. This 
system is not purely distributionist. However, In this case, the state acts 
as a big land owner and distributes land form time to time. This system will 
be dealt with later. 

Normally distributionist reform is used to achieve equitable distribu-
tion of wealth, income and political power. However, land distribution which 
transfers title to a new owner in a free market does not guarantee siistain-
able .agricultural development. Several reasons can be forwarded for the 
non-use of distributed lands; for instance, lack of interest of new land 
owners' labour, market and credit problem, a change In goals of the farm 
family. When this occurs the chances are Chat the distributed lands can 
fall :Lnto the hands of a larger land owner or real estate agent thus 
destroying the purpose for which the land reform was done. 

Collectivist Reform 

Collectivist reform transfers large blocks/parcels of land to a group, 
for instance a Cooperative. Castle Bruce in Dominica and the farms created 
by the National Agricultural Cooperative Development Agency (NACDA) in 
Grenada during the Bishop's Regime are examples of this reform. 

Collectivist land reform in the Eastern Caribbean has failed because 
of a lack of preparation of the members oi the Cooperatives to undertake 
cooperative farming. Further, the Eastern Caribbean experience has shown 
that collectivist land reform does not fil: the value system of today's 
rural folks. As such, collectivist land reform with today's present values 
will not achieve sustainable agricultural development. 
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Generally, land reform In the Eastern Caribbean has not achieved its 
ultimate purpose of passing on property, power and status from one group to 
another. The integration of the new land owners into the wider community 
may be unduly delayed because of intrinsic factors such as limited use of 
improved agricultural technology and levelL of Investment and extrinsic factora 
such as accesaiblllty to credit, market and extension services. These factors 
are compounded in some cases by insecure tenure. Whenever this situation 
occurs, economic growth is slowed down and the sustainability of the systen 
is questioned. 

PROBLEMS OF LAND REFORM 

No matter what method of land reform Is employed, there are some inherent 
problems that must be addressed; the following are some of the more important 
problems : 

* Deficient cadastre 
* Criteria for determining land !to be expropriated 
* Criteria for farmer selection, 
* Lack of supporting institution» 
* Speculation 

Deficient Cadastre 

Deficient cadastre hinders the use of land resources. Ownership is not 
clear which leads to the underutilization of land and social conflict among 
contending parties. To date, St. Lucia la the only ialand with updated cadas-
tral surveys. Clear titles will certainly stimulate sustained agricultural 
production. 

Criteria for Determining Lands to be Expropriated 

Successful land reform must begin with clear criteria for determining 
which lands are to be expropriated. A comprehensive land use policy, sup-
ported by a zoning strategy will certainly help. At the moment, the islands 
in the Eastern Caribbean either do not have the·· policies in place or if 
they do, they are ineffective. The need exists for the development of com-
prehensive land use maps to guide a zoning strategy. These land use maps 
can also be used to come up with criteria for compensating land owners from 
whom lands have been expropriated. 

Criteria for Farmer Selection 

The distribution is usually plagued with complaints of political 
favouritism. Many land reform initiatives have failed because of selec-
tion of farmers, among other thingu. The question of land ownership per se 
has to be reexamined. The value system in these islands is such that most 
people express the desire to own land. The question is: ownership of 
land for what purpose? or is it ownership or accessibility? This desire 
has to be redirected and redefined if agricultural sustainability is to 
provide guidelines for directing people1 s interest to ownership (re: land 
for housing, land for productive agricultural purposes). A system must be 
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put In place to ensure that those who own land utilize It productively. 
Farmer training ought to be an important Ingredient in farmer selection. 
Today's agriculture calls for a special farmer, one who has production and 
productivity as foremost goals in his/her development plan. Farmers selec-
ted should be prepared to work with researchers and extensionists in iden-
tifying best production alternatives. Criteria for farmer selection should 
Include those elements cited above. 

Lack of Supporting Institutions 

The lsck of supporting financial institutions can be felt at two 
levels: (1) obtaining lands and (2) post distribution support. 

Obtaining Lands 

Farmers who need lands may not have the funds to purchase those 
lands. Even in cases where the down payments seem to be minimal 
farmers express difficulties in meeting these payments. The Rabacca 
farmers in St. Vincent expressed concern of the high lease/rental 
rate although management seems to think that the rates are not too 
steep. The absence of supporting financial institutions in this 
case can result In the lands going to farmers who do not really 
need lands. 

Post Distribution Support 

A common failure of most land Teform programmes is lack of supporting 
institutions (re: Credit, market, extension service, community 
based services). In the Eastern Caribbean it is common to find land 
reform programmes which distribute iland to farm workers without the 
necessary supporting institutions to ensure success of the programme. 
These programmes are dommed to fail., 

To recall redistribution of lands m«y be the primary goal of a land 
reform programme, however, the Integration of the new land owners 
into the social and economic life of the oountry may be more Import-
ant than the distribution Itself. This integration can be unduly 
delayed by the lack of supporting institutions. 

Speculation 

Speculation can be a cause for land reform and is in Itself a problem 
for lands distributed under a land reform programme in a free market system. 
Davis cited three reasons why speculation poses problems in land reform 
programmes: (1) it inflates the commodity value of land that socially 
desirable uses of land are often thwarted, makes access to land more dif-
ficult for those of modest means, (2) prevents a community from using its 
lands as equity base for its own development, and (3) makes it more and 
more difficult for the community to guide the pace and direction of its 
own development. 

Recent economic growth resulting from agricultural and tourism 
activities in the Eastern Caribbean and the returning immigrants from 
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the United Kingdom and North America have created forces leading to increase 
land prices which in turn leads to speculation. Agricultural lands are 
fastly becoming alienated either for tourism, industry or housing. Some land 
owners are finding it more profitable to defrain from agricultural activ-
ities, the aims being to transfer these lands to different land use--housing 
for instance. In the light of this growing threat governments in the Eastern 
Caribbean seem not to have a response. Agricultural development is certainly 
threatened and given our natural resource base situation if agriculture la 
threatened then our development Is threatened. 

AN ALTERNATIVE LAND REFORM MODEL 

Past attempts at land reform In the Eastern Caribbean did achieve some 
measure of success, however, most have fallen short in laying the framework 
for sustainable agricultural development. The author will like therefore 
to propose an alternative model: the land bank concept. The land bank 
should not be regarded as an all inclusive land tenure system. Other land 
tenure systems can and should be allowed to exist side by side the land bank. 
This is not entirely new to the region as will be seen later. Outside the 
region the land bank is being used successfully in Western Europe, Canada 
and Israel (Kiboutz); the management of these varies. In Guyana and Trinidad 
the government owns substantial acreage of agricultural land. In fact they 
possess land banks. What Is a land bank? A land bank is the consolidation 
of land under the control of an authority for apeclfied uses. Generally, 
land within the bank can be held by an Individual, family unit or group. 
Land will be leased not sold thus guaranteeing future generations access 
to lands. Leases should be mortgageable and transferable. The land bank 
should be provided with the authority to buy and sell lands. Only the 
bank should be given that right, not individuals within the banks. In a 
state where the land bank operates tltie bank should be given first prefer-
ence to buy agricultural lands. 

Certain policies should be put in place to create a favourable 
environment for the successful operation of a land bank. Such policies 
should include: 

* A land zoning strategy. 
* A land pricing policy. 
* A land taxation policy to diecourage the utilization of 

agricultural lands. 

The land bank authority should be responsible for putting in place 
supporting institutions to guarantee the success of the uses of the land 
bank. The land bank concept, In addition with dealing with lands, also 
addresses the Issues that the land reform programmes have failed to 
address and these are (a) guarantee for future generation access to land, 
(b) greater control of land use--export production, food security, 
(c) deals with issues surrounding distribution of land (re: supporting 
institutions), and (d) controls speculation of land/land price. 

At present all the Eastern Caribbean possess a wonderful opportunity 
to put this in effect. Government owns or has access to significant 
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acreage of lands. In the north, the government of St. Kltts owns most of 
the agricultural lands. In the south, the St. Vincent government owns 
mroe than 7,000 acres of land most of which Is arable. What Is needed 
Is the will and organizational capacity to put the pieces together. 

To conclude, sustainable agricultural development depends on access 
to land and Judicious use made of that land,. Such uses should be geared 
to satisfy two ends--export production to obtain foreign exchange and 
local production for food security--if sustuinability is sought. However, 
the eftfective use of land Is hampered by several factors: some intrinsic 
to the farm (the adequate use of technologie») and others extrinsic (re: 
market,, credit and extension services). Finally, the author proposes the 
land bank concept as a means to address most of the problems which the 
other land reform programmes failed to addreas. It was strongly put for-
ward that if supporting lsntltutlons are not put in place then no matter 
what land reform strategy is used, it will prove to be deficient. 

REFERENCES 

Davis,.J.Ε. 1984. Reallocating Equity: A Land Thrust Hödel of Land 
Reform: In: Land Reform American Style, by C. Gelsler and F. Popper, 
Rowman and Allanheld Publishers. 

Thome, J.E. 1968. The Process of Land Reform In Latin America. LTC Re-
print, No. 43. 

Cheney, E. 1970. Agrarian Reform and Politics In Latin America. LTC 
Reprint, No. 74. 

1111, G.U. 1964. The Agrarian Reform in Coi ta Rica. LTC Reprint, No. 6. 

28 



THE COOPERATIVE EXTENSION STSTEH - A VEHICLE TO 
MEET EDUCATIONAL CHALLENGES 

D. S. Padda 

Vice President 
Research and Lend-Grant Affairs 
University of the. Virgin Islands 

"The only thing that one really knows about human nature is that it 
changes." Change is the one quality we can predict" (Oscar Wilde, 1985). 
This statement is very appropriate for what the Cooperative Extension 
System is all about. 

The Cooperative Extension System's mission is to help people Improve 
their lives through an educational process which uses scientific knowledge 
on Issues and needs. The Extension System's vision is future-oriented and 
self-renewing. The system serves as η national educational network focused 
on contemporary issues which employs an interactive education process with 
state-of-the-art technology. 

The U.S. Cooperative Extension System is comprised of 74 universities 
in the 50 states, American Samoa, Guam, Micronesia, Northern Marianas, 
Puerto Rico and the Virgin Islands. 

The Extension Service carries out its educational mission through 
base programs and target programs. Base programs are the major educa-
tional efforts central to the mission of the System and common to most 
Extension units. The base programs axe the ongoing priority program 
efforts of the system, involving many discipline-based and multldiscipli-
nary programs. They can be thought of aa the foundation of a building, 
while the target programs rise from the base to receive special emphasis 
for a period of time. The following are the educational base programs of 
the Cooperative Extension System: 

- Agricultural Competitiveness and Profitability 
- Community Resource and Economic Development 
- Family Development and Resource Management 
- 4-H and Youth Development 
- Leadership and Volunteer Development 
- Natural Resources and Environmental Management 
- Nutrition, Diet and Health 

The target programs are the Cooperative Extension System's commitment 
to respond to important societal problems of broad national concern with 
additional resources and significantly increased effort to achieve a major 
impact on national priorities. The following are the current target 
programs of the Cooperative Extension System: 

- Food Safety and Quality 
- International Marketing 
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- Revitalizing Rural America 
- Sustainable Agriculture 
- Waste Management 
- Water Quality 
- Youth at Risk 

The Extension System uses the following methods to deliver base and 
target programs: 

- Written method - bulletins, factsheets, leaflets, new articles 
and columns, personal letter», circular letters and newsletters. 

- Spoken method - office consultations, site visits, telephone calls, 
seminars and radio, conferences and workshop·. 

- Visual method - result and method demonstrations, charts, exhibits/ 
posters, video/television, slide·, film· and photograph·. 

The System's contacts are claselfied as follows: 

- Individual contacts - site visits, office/lab consultations, tele-
phone calls, letters, results and method demonstrations. 

- Group contacts - club meetings, leader training sessions, clinics 
and workshops, field tour·. 

- Mass contacts - publications, radio and newspapers, television/ 
video, exhibits and fairs, documentary films. 

The Cooperative Extension Service of the University of the Virgin 
Islands is fully committed to carrying out the missions and goals of the 
Extension system. The base and target programs at the Virgin Islands 
Cooperative Extension Service (VICES), proposed in the four-year plan of 
work for FY 1992-95, are: 

Base Programs 

- Beef Production. Technical assistance to beef producers will be 
strengthened and the Beef Cattle Improvement Program will be 
expanded to Include new beef producers. 

- Dairy Production. Technical assistance will be extended to dairy 
producers to improve the genetic base of dairy cattle as well as 
the net income of dairy farmers by demonstrating proper milking 
procedures, disease control, reproduction and nutrition. Dairy 
producers will also be encouraged to register in the Dairy Herd 
Improvement Association program. 

- Small Livestock Production. The Breeders Exchange Program will be 
expanded to increase participation of livestock producers in this 
program. Small livestock producers will be provided with conti-
nuous scientific and relevant information to ensure that proper 
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management practices are followed. Various workshops, short courses 
and demonstrations on small livestock production are planned. 

- Soli and Water Conservation. There will be an Increase in the 
awareness of soil and water conservation as it relates to recovery 
work from the hurricane, and VICES will be carrying out this pro-
gram in conjunction with the U.S. Virgin Islands Government Com-
prehensive Development Program, Land and Water Use Plan for the 
Year 2000. 

- Soil Characterisation. The agriculture and natural resources program 
will continue to provide plant, soil and water analysis through the 
Extension Diagnostic Laboratory. 

- Pasture and Forage Management. Continued awareness of pasture and 
forage management and conservation will be the emphasis of this 
project. 

- 4-H Clnb Syate·. VICES will develop a systematic approach to Im-
prove 4-H Club enrollment and activities. A new, comprehensive 4-H 
curriculum will be designed. Activities to increase 4-H visibility 
and youth and volunteer enrollment will be held. VICES will estab-
lish 4-H Clubs In 50X of the schools in the territory. An effective 
fund-raising system and a quarterly 4-H newsletter will be initiated. 

- 4-H Youth Smmaer Day Camp Program. The 4-H summer camp program 
will be continued by Increasing camp enrollment by 201 annually,. 
All the counsellors hired IFor the summer camp program will be 
trained In volunteerlsa and leadership skills. Summer employment 
for vacationing college and high schools students will be increased. 
Quality leisure programs will continue to be designed, especially 
for those with special needs, and a curriculum will be established 
for five program tracts. 

- Improving attrition, Diet «nd Health. VICES will help develop the 
Interest and skills needed by families to establish vegetable 
gardening projects. Proper handling and managment of food will be 
emphasized. Cllentelle will be encouraged to establish and practice 
good food selection and eating habits for optimum health. Clientele 
will be taught dietary practices to minimize hypertension, diabetes, 
obesity, and drug mismanagnent. Assistance will be given to clien-
tele in proper identification of food choices from the limited 
food supplies available In the territory. 

- Developing Marketable Skill». To Improve the quality of life far 
the residents of the territory, VICES will provide clients with 
educational opportunities for human resource development to learn 
skills needed for career development and Income supplementation. 

- Extension Information Diaaeuination. The objectives of this 
project plan are to enhance public awareness of VICES outreach 
efforts by reaching the various media outlets on the island. 
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A new series of educational bulletins and factsheets on herbs, drip 
irrigation ays te··, vegetable and fruit production, ornamentals, 
livestock, insects, pests and plants of the Virgin Islands are 
planned. 

- Virgin laland· Extension Kxhiblklon/Fairs. VICES will continue 
to provide assistance and leadership In the organization of the 
annual Agriculture and Food Fairs and in the observance of Uorld 
Food Day celebrations in the territory, and to Increase the 
public's awareness of the potentials of the local production of 
agricultural items, their raw material Input uses and consuaption. 

- Integrated Far· Manageaaut Systems. Before the hurricane, UVI/CES 
had enrolled farmers in the Integrated Farming System program. 
Their participation in the program Improved production, marketing 
and overall management practice» on their farma. However, the 
hurricane destroyed 80Z of the farms enrolled in the program. This 
program will encourage existing and new farmers to participate and 
assist the Virgin Islands Department of Economic Development and 
Agriculture In upgrading and expanding their marketing program and 
centralizing marketing facilities for the local farmers. This 
project is also an Impact study to ascertain the effort of a total 
Integrated technology on small farms. 

- Eastern Caribbean Extension Outreach and Interchange. To fulfill 
the goals of the new President of the University and be part of 
the USDA/ES international outreach program, educational linkages 
will be strengthened between ten Eastern Caribbean islands. The 
range and diversity of agricultural training, research and develop-
ment activities and resources otf UVI Land-Grant Programs will be 
made available to the Eaatern Caribbean countries. Opportunities 
will be provided for the training and growth of Eastern Caribbean 
youths, leaders and volunteers ILn youth organization development. 
Food and nutrition training programs will be provided to 500 home-
nakers on five Caribbean Island». VICES will provide leadership to 
the Caribbean Food Crops Society in progran coordination, publica-
tion, and planning of educational workshops and training programs, 
and will continue to be actively involved as co-organizers, co-
sponsors or participants of their annual meetings. 

- On-Site Compliance Reviews. VICES will ensure that civil rights/ 
equal opportunity laws and regulations are complied with, all out-
reach programs are available without regards to race, color, sex, 
national origin, religion, age and handicap, and that the programs 
are communicated and written in such a way that they convey a non-
discriminatory image. 

- Civil Rights Training. VICES will continue to familiarize employees 
with local and federal civil rights laws, rules and regulations. 
New employees will be given orientation on civil right laws. Annual 
civil rights seminars will continue to be given to VICES employees 
and periodic training will be held for civil rights officers to 
effectively enforce civil right» requirements. 
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- Public Notification. VICES will continue to inform the community 
of availability of outreach programs to all without regards to race, 
color, national origin, religion, handicap, sex and age and to 
Inform CES clientele of the non-dlscrlmlnating requirements of 
Extension communications and written materials released to the 
public. 

- KEO. UVI/CES will continue to maintain equal opportunity for under-
utilized and under-represented employees and applicants regardless 
of race, color, sex, national origin, religion, age, handicap. All 
employment barrelera will be continued to be removed with regard 
to equitable hiring, promotion, training and separate rates for pro-
tected groups. Finally, training will be continually given to EEO 
officer to effectively enforce EEO requirements. 

- Program Delivery. UVI/CES will continue to establish educational 
programs and activities to meet the needs of under-represented 
groups as a means of increasing their participation and to Increase 
the participation of under-representad groups that serve on program 
planning and advisory committees. 

Target Programs 

- Integrated Peat Management. Clientele will increase use of recom-
mended pest management practices which Involve alternatives to chem-
ical pest control, such as rotations, biological control and reduced 
pesticide use as shown in various Extension educational outreach 
programs. 

- Pesticide Impact Assessment. VICES will establish and maintain 
cooperative relationships and linkages with public agencies, private 
organizations and Extension and non-Extension initiative programs on 
pesticide impact assessment matter·. Databases on pesticide usage 
will be developed and maintained. 

- Pesticide Applicator Training. Training workshops/seminars and 
certification courses will be conducted to Increase pesticide appli-
cators' knowledge on the use of safe, environmentally sound pesti-
cide practices. 

- Environmental Education. VICES will conduct environmental education 
programs designed to create environmental awareness and enhance the 
development of an environmental ethic in adults and youth. VICES 
will also serve as a catalyst to develop and deliver research-based 
environmental education programs to targeted audiences to help 
private citizens solve environmental problems. 

- Hater Quality Program. Water quality and water resource concerns 
will be addressed in this initiative. Agricultural producers will 
reduce/prevent water degradation from plant nutrients, pesticides 
and animal wastes. Protection and improvement of private water 
supplies of targeted clientele will be encouraged, along with 
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awareness in all segments of the population on water quality issues. 
VICES will collaborate with various agencies In carrying out this 
initiative. 

- Urban Gardening. Low Income adults and youths will be targeted for 
participation in urban gardening projects. Knowledge and awareness 
of urban food production will be Increased through the use of effi-
cacious and environmentally sound practices. Food preservation 
through the use of safe and proven methods will also be taught In 
this program. 

- Sustainable Agriculture in the Virgin lalands. The viability of 
Virgin Islands agriculture has become increasingly dependent upon 
the ability of local producers to maintain competitiveness in a 
changing Caribbean and world marV.et. Alternative agricultural 
opportunities will be the focus of this challenging project. 

- Volunteer Development and Ha nag et lent. An Initiative will be under-
taken by VICES to train middle njmagement functions and leadership 
skills to staff, volunteers, resource persons, officers and chair-
persons of Extension related programs and organizations. External 
linkages will be established with various schools and community-
based volunteer organizations. 

- Youth at liek. VICES will help communities In the territory to 
establish child care educational programs for children of ages 
5-14 and will encourage existing child care providers to adopt the 
Extension curriculum. VICES will enhance the reading and science/ 
technology literacy of program p«irtlclpants. Commitment will be 
obtained from other academic departments of the University and other 
community agencies to provide training and to satisfy the educa-
tional needs of high risk youth. The University will sponsor a 
conference in 1992 to coordinate all formal youth activities In the 
territory and to address critical Issues in youth development. 

- EFNEP. VICES will Improve and increase recruitment efforts to in-
crease enrollment of qualified families in the Expanded Food and 
Nutrition Education Program (EFNEP). EFNEP families and youth will 
acquire knowledge, new attitudes and changed behavior patterns neces-
sary for the maintenance of nutritionally sound diets that will con-
tribute to their personal development. Inter-agency cooperation 
with government and civic agencies will be Increased to provide 
assistance in improving the quality of life for VICES clientele. 

- Food Safety and Quality. Proper handling of food will be the focus 
of this new target program which will provide guidance, education 
and information to those in the business of selling, handling and 
providing food to the public at large. The targeted audiences are 
mobile food van operators, restaurateurs, food vendors, consumers, 
homemakers, the elderly, food handlers, farmers, home growers and 
special groups like day care centers, soup kitchens, institutional 
operations, etc. 
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- Liaited resources/low income individuals/families. VICES will train 
staff and volunteers to effect behavioral change with United re-
source adults and youth through coordinated efforts in two or sore 
subject areas (e.g., money management, nutrition and health, and 
individual and family development). VICES will also establish, 
maintain and enhance linkages with other agencies in support of CES 
programs for limited resource adults and youth. Limited resource 
participants in VICES programs will improve basic life skills. 

- Parenting and Faaily and Paiilly Youth Programs. Parents and youth 
will acquire knowledge and »kills associated with effective parenting, 
improve parent-youth relations, understand and use effective faaily 
coping strategies and set and achieve financial goals. 

- Programs for Multicultural Diversity. VICES will achieve and main-
tain multicultural diversity within the work force and with its 
clients. VICES has developed excellent cultural diversity in its 
employees. The Virgin Islands population Is 73Z black, 13.52 white, 
13Z Hispanic, and 0.5Z Asian/Pacific Islander, with a combined total 
of about 102,000. VICES ha» 50 employees, of which 70Z are black, 
22Z white, 4Z Hispanic, and 4Z Asian/Pacific Islander. This impres-
sive cultural diversity in the workforce, representing the popula-
tion of the Virgin Islands, will be sustained. 

Specifically, this Plan of Work is an action plan to achieve the fol-
lowing objectives, derived froa the above considerations: 

- Recovery from Hurricane Hugo by reestablishing facilities, programs 
and clientele services, and developing better impact evaluation 
procedures. 

- Implement the new University President's vision and strategic plans 
by further strengthening Extension programs and developing scienti-
fic and technological expertise to Interpret and transfer new tech-
nologies so as to make VICES a center of excellence in community-
based programming for the Virgin Islands and the Caribbean. 

- Promote local food production through sustainable agricultural 
systems that are compatible with environmental and social values. 

- Provide information and technical assistance on safe, affordable 
and nutritious food for conventional and specially targeted 
families. 

- Address critical social issues facing youth and families. 

- Promote conservation and enhancement of natural resources. 

- Promote integrated pest management and integrated resource manage-
ment systems through inter-disciplinary efforts. 
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conclusion, the Cooperative Extension System has three features: 

It is an educational system and not a public assistance program. 

Programming Is based and tied to research. 

It Is a partnership between central or federal government, state 
or provincial government and the local communities. 
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DIFFICULTIES AMD PERSPECTIVES OP AGRICULTURAL INFORMATION 
IN THE CARIBBEAN 
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Β.P. 1232, 97185 Pointe a Pitre Cedex, Guadeloupe; 
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ABSTRACT 

In the Caribbean as in other parts of the world and overall In devel-
oping countries, agricultural documentation is working in a context of 
economic and agricultural difficulties. The authors recall some aspect» 
of agricultural Information before analyzing the problems of this informa-
tion sector, the Importance of which sometimes is unrecognized by agricul-
tural administrators, researchers, extenslonlsts, and producers. Perspec-
tives for the development and better management and use of information 
resources are proposed through the use of new information technologies 
(databases, microcomputers, software, agricultural theaauruaes, CD-ROMs, 
etc.), networks, and the sharing olf resources through cooperation at local, 
regional, and International levels. 

RESUME: DIFFICULTES ET PERSPECTIVES DE L'INFORMATION AGRICOLE 
DANS LA CARAÏBE 

Dans la Caraïbe (comme dans d'autres parties du monda et surtout dins 
les pays en développement), la documentation agricole travailla dans un 
contrSle de difficulté· économiques et agricoles. Les autemra rappellent 
quelques aspects de la documentation agricole avant d'analyser le· 
problèmes de ce secteur d'Information dont l'Importance est parfois 
méconnue par le· administrateurs, les chercheurs, les vulgarisateurs et 
les producteurs agricoles. Puis des perspectives pour le développement, 
de meilleures gestion et utilisations des ressources documentaires sont 
proposées i travers l'emploi des nouvelles technologies de l'information 
(bases de données, microordinateurs, logiciels, thésaurl agricoles, CD-ROM, 
etc.), les réseaux et le partage des ressources documentaires, la coopéra-
tion aux niveaux local, régional et International. 

RESUMEN EN ESPAÜOL: DIFICULTADES T PERSPECTIVAS DE LA INFORMACION 
AGRICOLA EN EL CARIBE 

En el Cnrlbe (como en otras partes del mundo y sobre todo en los paf-
ses en desarrollo), la documentacl6n agricole esti trabajando en un marco 
de dificultades econömicas y agricoles. Los autores recuerdan algunos 
aspectos de La lnformacifin agricole antes de anallzar los problèmes de 
este sector de informaclfin cuya lntportancla es mal conocida por los adml-
nistradores, investigadores, extensionistas-y productores agricoles. 
Luego perspectives para el desarrollo y mejores manejo y usos de los 
recursos de informaclfin son propuestas con las nuevas tecnologfas de la 
lnformaciôn (bases de datos, raicrocomputadorae, softwares, tesauros 
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agricoles, CD-ROH, etc.), redes de lnformacl6n y particiôn de recursos, la 
cooperacl£n a nivelés local, regional e internaclonal. 

THE CONTEXT OF CARIBBEAN AGRICULTURE 

Uithln the worldwide economic context, the last decade has been 
terrible for the Caribbean economies. Agriculture, which has been con-
sidered an important (very often the most important) sector of our econo-
mies, has been strongly affected by the economic crisis. World partic-
ipation in our economies has been decreasing and the remaining financial 
resources have been oriented to other, more attractive, economic sectors 
such as tourism, housing, or trade of imported product·. 

These trends are visible In the Interest given to the financial, 
training, research, and information sectors of Caribbean agriculture. In 
many countries of our region, these important agricultural sectors receive 
little financial resource·. Meanwhile agricultural production is more 
vital than avar for our population· and our economies. 

Although Information is one of the structures or Instruments which 
support agriculture (through reaearch, extension, and development), when 
there ara budgetary restriction·, it is on· of the sector· first sacrified. 

SOME REMINDERS ABOUT AGRICULTURAL INFORMATION 

While some sectors of economic activities such as industries, trade, 
and services are aware of the importance of information and documentation, 
the agricultural aector too often haa not understood it. Documentation is 
not only the material swnagement of documents, It is also a set of intellec-
tual operations (analyzing, indexing, reference inputs, and retrieval. 
These operations should be made by an agricultural engineer or technician 
who can understand the content of the documents, the users' questions, and 
their needs. This manager should also know documentation and librarian 
techniquea and methods and/or works in collaboration with a librarian. 
There is library software available which makes library tasks such as 
cataloguing easier. 

THE DIFFICULTIES OF AGRICULTURAL DOCUMENTATION 

They can be classified in various categories according to their 
origin: 

Ins tltu tlons. 

Because of difficulties with public financing, the budgets of many 
agricultural institutions have been reduced. As the role and importance 
of documentation are not well known, Its part of the budget is often the 
most reduced or even cancelled. 

Some of these agricultural schools or research centers can no longer 
afford to subscribe to scientific or technical serials or to buy books 
because of their high cost and/or the difficulties of paying for them in 
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foreign currencies. Sometimes some institutions are unaware of the import-
ance of documentation, hence have no documentation policy. The documenta-
tion structure is not always integrated into the institution policy and 
there Is no communication or interaction between It and its documentation 
service. 

Managers of Information. 

It is logical that institutional weaknesses have consequences on the 
managers of information. The lack of resources and/or policies results 
in lower salaries paid to perhaps less qualified personnel and poor motiva-
tion of the information managers. 

Sometimes the selection of personnel is inadequate because the deci-
sion-makers are not aware of the expertise Involved. 

When the documentation managers have no agricultural background, they 
cannot properly understand the content of the documents or how they relate 
to the needs of the users. This results in a lack of confidence on the 
part of the user. He finds that the documentation structure is inadequate. 

Users of Information. 

Their numerical Importance and the level of their requests can be 
classified in this decreasing orderi research, planning, administration; 
extension, development; production, marketing, consumerism. 

As a whole, the users of Information are not familiar with the utiliza-
tion of documentation resources. IFor instance, when they aak for a biblio-
graphy or for documents, they have difficulty describing the documents 
they already have or know. 

They are not always aware of the interest of others In sharing or 
making know their documentation resources. 

Psychosoclology of Information. 

Some aspects of this subject have already been described above. 
"Information is power" Is a well known saying which can explain the 
psychosoclologlcal aspects of information and documentation. 

The user often want· to keep his actual information need· confiden-
tial because he is in the process of doing research or creating a new 
process or studying a new market. Sometimes the user, even if secrecy is 
not an Important consideration, forgets that the documents and Information 
he has may be useful for others. One can forget that the documentation 
structure is a collective structure. Information users are also sometimes 
producers of information (researcher, axtenslonlst, planner) but they some-
times forget that they work for the community. They do not think that 
their publications are part of the collective intellectual resources. 
So, the circulation of information is not only a matter of financial or 
technical resources. Sometimes the psychosoclologlcal problems can be 
the most Important aspect. 
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PERSPECTIVES 

Nowadays, the Information and documentation evolution Is linked with 
the computer and the electronic revolution (more and more powerful technol-
ogies, decrease of prices, help devices, etc.). Human and psychosoclolog-
lcal aspects may exist in the "modern" computer environment, however. 

"Traditional" Resources. 

Even if the documentation techniques can use magnetic supports and 
electronic communications Instead of paper materials, tools and methods 
such as lnforsiation networks and system«, lnterllbrary loans depend for 
their success on the commitment of people who swke them work. CARIS 
Caribbean or CAGRIS, for Instance, have not reached their full development 
partly because the countries and Institutional involvements nay not have 
participated fully. Let us remember that CAGRIS is the "Caribbean Infor-
mation System for the Agricultural Sciences" and CARIS Caribbean is the 
"Curlbbean Current Agricultural Research Projects System." So, the 
modernized "traditional" resources can »till be used or Improved. It is 
not only a matter of financial resource» but, primely, a matter of Institu-
tional policy and human Involvement. 

The "New" Technologies. 

The lnforsMtlon and documentation technologies generated by the growing 
possibilities of computer and electronic technique have been continually 
evolving. The technical resources offered by powerful and less expensive 
microcomputers mean that computerizing a document canter is no longer a 
reality only for developed countrlea. 

Documentation software such as the UNESCO Hicro-Isls linked with a 
thesaurus such as the PAO Agrovoc could allow to computerize most of the 
documentation structures in the Caribbean areas. These "new" technologies 
mentioned above have quickly become "old" with the arrival of the CD-ROM 
(Compact Disc-Read-Only Memory). It has a high storage capacity optical 
dine which can store about 660 megabytes of data, the equivalent of 
330,000 typewritten pages. While the on-line search may be expensive 
because of the telecommunications costs, the CD-ROM can be locally used 
in connection with a microcomputer and without time limit. This remark-
able storage medium is opening up access to bibliographic citations and 
full text. 

The compact disc industry is preparing a new type of CD, the Numerical 
Optical Disc, on which the user will be able to record data. It is (on 
the day when this paper is being written)the "last" revolution in the 
electronic management of documents. 

CONCLUSIONS 

Concluding at the evolution of documentation and information in 
this context of permanent "technical revolution" would be an illusion! 
The main constraints of agricultural information still exist., The 
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material progress cannot suppress the lack of policy or psychosoclolog-
lcal difficulties. 

There are some risks which are linked with the new technologies. 
For instance, the desk top publishing equipment offers the possibility of 
modifying a document without having a previously written copy. The Infor-
mation can always be updated but later It can be difficult and even impos-
sible to evaluate the successive changes in a theory or in research. For 
instance, the easy access or use of computerized databases, without a 
good training in indexing or retrieval procedures can generate a poor 
bibliographic research. If a user who haa his own microcomputerized 
library and does not share it, ha may impoverish the collective intellec-
tual patrimony if the documents do not exist In other places such as Ins-
titutional or public libraries. 

The value of techniques, therefore, depends on how and for what we 
use them. We must not forget tha final objectives of our activities in 
research, extension, training, or development. The "omega" of our activ-
ities is to solve the food problem, to improve our agriculture, and to 
give the rural paopla a battar standard of living without destroying the 
environment. 
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ABSTRACT 

Agricultural decision making at the production and policy levels 
Involves processes which can be enhanced by modern computer technologies. 
Crop and eoil models can be used to estimate the impact of different pro-
duction strategies at a regional level, and thus provide supplemental in-
formation to help decision makers select management practices in accordance 
with their planning objectives. This paper describes the structure and 
implementation of an agricultural decision support system named AEGIS -
Agricultural and Environmental Geographic Information System - designed to 
evaluate production strategies and to facilitate the creation of a regional 
agricultural plan. AEGIS links simulation results from two IBSNAT crop 
growth models (BEANGRO and CERES-KICE) and a soil erosion model (USLE) to 
a geographic information system (pcARC/INFO) and an expert system. A 
menu-driven Interface is developed to help users with limited expertise 
in computers interact with AEGIS. Three areas in Puerto Rico were used to 
develop a prototype of this system. An example is presented to demonstrate 
the potential use of this system its a planning tool for regional policy 
makers. The role of the models, the organization of the databases, the 
design of the user Interface and the expert system are discussed. This 
model-based system demonstrates the effectiveness of modern computer tech-
nologies in the processes of agricultural planning, information management, 
and agrotechnology transfer in Caribbean countries. 

INTRODUCTION 

Agricultural planning at the regional level presents unique challenges 
due to numerous biological, socioeconomic, and political factors which must 
be considered by decision makers. For example, as the need for greater 
agricultural production becomes more evident in order to accommodate in-
creasing population pressure or to achieve regional food self-sufficiency, 
planners and policy makers will have to develop new guidelines to ensure 

*This work is supported by the USDA Caribbean Basin Advisory Group 
(CBAG) Grant. No. 89-34135-4577: "Computer Systems for Enhancing Agri-
cultural Decision Making in the Caribbean". 
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that agricultural practices used toward these goals, such as conversion of 
marginal land to agricultural production, intensified cropping systems, 
Introduction of new cultivars, etc., produce the desired results with mini-
mal adverse consequences to the environment. This example already suggests 
that the process of formulating these agricultural and environmental guide-
lines can be quite complex because decision makers must find methods of 
evaluating various agricultural practices and strategies, and then decide 
whether the estimated Impact of these strategies satisfies existing socio-
economic constraints and political goals. That kind of analysis requires 
a substantial amount of data on crops, soils, land use, weather, and most 
importantly an understanding of the interaction among these factors. Fail-
ure to perform such analysis in a timely manner, however, will eventually 
result in decisions that lead to surface and ground water contamination, 
soil erosion and loss of productivity, and probably expensive remedies to 
these and similar undesirable consequences of agricultural activities. 

Recent technological breakthroughs, such as computer-based decision 
support systems, offer innovative ways to analyze, organize, and manipulate 
spatial and non-spatial data. The development of these tools, in most 
cases, is a corollary to advances in crop and soil modeling, reinforced by 
the emergence of artificial Intelligence and the revolutionary vector- and 
raster-based geographic information system (GIS). Decision Support Sys-
tems (DSS) have a lot of potential as modern tools to facilitate decision 
making at the production and policy levels due to their analytical as well 
as predictive capabilities. 

Several applications of DSS are reported in the literature, and they 
cover a variety of topics such aa simulation of commercial greenhouse 
internal transport systems (Fang et al., 1988), optimization of greenhouse 
environmental control (Jones et al, 1988>), irrigation scheduling (Thompson 
et al., 1989), multiresource management of pine forests (Uood et al., 1989), 
assessment of groundwater pollution potential from chemicals (Halllday and 
Wolfe, 1990; Zhang et al., 1990), and socio-economic impact of new agricul-
tural technologies on resource-poor farmers in developing countries 
(Hoogenboom and Thornton, 1990). These are just a few examples which 
illustrate the scope and content diversity of DSS recently developed. 

Nevertheless, these systems share common characteristics and a common 
purpose which is to enable agricultural producers and policy makers to 
optimize the use of natural resources by a) reducing the time and human 
resources required to perform complex alternative analyses, b) providing 
a holistic approach to solving multifarious agricultural problems, and 
c) Increasing the overall quality of the decisions to be implemented. 

This paper describes a prototype of a regional Decision Support 
System which links simulation results from BEANGRO, the drybean model 
(Hoogenboom et al., 1990), CERES-RICE, the rice model (Singh et al., 
1990) and the Universal Soil Loss Equation (USLE), a soil erosion model 
(Wischmeier and Smith, 1978) to a Geographic Information System (pc/ARC/ 
INFO) and an expert system. The goal of this prototype is to demonstrate 
the use and value of an integrated computer system which allows Its users 
to evaluate different production strategies at the regional level, examine 
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statistical results obtained from the models In tables and maps, and inter-
actively build a regional agricultural plan which reflects the objectives 
of the user. 

AEGIS ι AN OVERVIEW 

A prototype of AEGIS is being developed for three areas In Puerto Rico 
located near Isabela, Mayaguez and the Lajas Valley. These areas were 
selected in consideration of their environmental diversity which also re-
presents the state of natural resources elsewhere in the Caribbean Basin. 
The bean and rice models are used in this project because of the importance 
of these crops in the Caribbean diet. Users of AEGIS will be able to per-
form several tasks such as estimating production and resource requirements 
for different agricultural strategies (i.e. combination of crop, variety, 
planting date, irrigation and fertilization treatments), assessing poten-
tial environmental Impact, generating tables and thematic maps (I.e. maps 
of simulated yield, biomass accumulation, runoff, etc.), and finally creat-
ing, modifying and saving a production plan for a selected region. A pro-
duction plan is defined as a set of maps and tables which indicate the 
crops and management practices selected for a given region. 

Figure 1 shows the layout of the main components of the system. These 
include: 1) crop models (BEANGRO and CERES-RICE) and a soil erosion modlel, 
t'he USLE, which predict crop productivity (potential yield, biomass accum-
ulation, irrigation requirements, and cumulative évapotranspiration) and! 
environmental degradation (soil loss nitrogen leaching); 2) a set of data-
bases of spatial and non-spatlal attributes and a relational database 
management system (DBASE IV); 3) art expert system which provides optimum 
ranges of soli and weather requirements for crop production; 4) a Geogra-
phic Information System (pcARC/INFO) which facilitates the production ol: 
thematic maps based on results obtained from the models; and S) a menu 
Interface designed to facilitate the Interaction of users with the system. 

CROP AND SOIL MODELS 

Crop models are developed by interdisciplinary research teams to pre-
dict crop growth, yield, and resource use based on an Understanding of the 
interactions of soil, plant, and weather (Jones and Ritchie, 1990). Using 
long term weather and soils data, crop models can simulate year to year 
variations in the performance of a crop under diverse management practices 
(Ritchie, 19Θ7), and generate estimates of production and environmental 
degradation based on which agricultural strategies can be compared. The 
International Benchmark Sites Network for Agrotechnology Transfer (IBSNAT) 
recently created a site-oriented Decision Support System for Agrotechnol-
ogy Transfer (DSSAT) which defined a standard format for input and output 
files used by several crop models (IBSNAT Project, 1989). Using soil and 
weather databases from the three regions of Puerto Rico and the Strategy 
Evaluation Module of DSSAT, several management alternatives for dry bean 
and rice are evaluated. 

The soil database contains the profile description of 67 soil types 
which have been previously classified as suitable for agriculture. For 
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each soll type, the models simulate the growth of each crop variety, under 
rainfed and irrigated conditions, for different levels of fertilization in 
the case of rice, using 12 different planting dates and 20 years of regional 
weather data (Fig. 2). The results from these runs are statistically anal-
yzed and for each management alternative (i.e., combination of soil type, 
plant variety, planting date, irrigation treatment...), the 20 t h percentile, 
average, and 80 th percentile values are computed for all production and 
environmental degradation factors, with the exception of soil loss. These 
percentiles represent different levels of probability of obtaining a certain 
value or less for a given factor. For example, a 20th yield percentile 
Indicates that 1 out of 5 years one can expect a yield lower than or equal 
to the quoted yield value under the selected management practices. 

The crop models have certain limitations, however, since they do not 
account for the effects of pests, diseases, and nutrient deficiencies other 
than nitrogen. Furthermore, the models do not account for losses due to 
lodging or natural disasters (Ritchie, 1987; Godwin et al., 1989). Never-
theless, In the absence of reliable long term records of experimental 
results from different agricultural practices, crop models provide a cost-
effective alternative for evaluating these practices and making informed 
decisions in agricultural planning. 

The amount of soli loss during a cropping season is calculated by the 
USLE. The USLE is an erosion model designed to predict the longtime soil 
losses in runoff from specific field areas in specified cropping and manage-
ment systems (Wlschmeier and Smith, 1978). The USLE Is expressed as: 

A - * * K * 1 . S * C * P 

where A is the computed soil loss, R is the rainfall erosivity factor, 
Κ Is the soil erodiblllty factor, LS is the topographic factor representing 
the slope length and gradient, C is the cover and management factor, and 
Ρ is the support practice factor. 

The rainfall (R) and soil erodiblllty factors (K) were obtained from 
the Technical Notes for the Caribbean Area published by the Soil Conserva-
tion Service (USDA-SCS, 1980). The LS factor Is usually obtained from 
field measurements for each mapping unit, but the time and financial com-
mitment that would be required to reach that level of accuracy could not 
be justified for the purpose of this project. Instead, a representative 
LS value, computed as a weighted average for each soil type, Is derived 
from the National Resource Inventory database of the Soil Conservation 
Service. The C factor is computed by cropstage periods which are defined 
according to the percentage of canopy cover to reflect the gradual change 
in effectiveness of plant cover during the cropping season. A detailed 
description of this procedure is provided by Wlschmeier and Smith (1978). 
The percentage of ground cover Is predicted by the crop models for each 
strategy. A constant value of 1.0 is assumed for the Ρ factor to simplify 
the model and also to reflect soil loss occurring when no special erosion 
control practices are applied. 

47 



Region 

Soils 

Crop 

Variety 

Irrigation 

Planting 
Date * 

20 Weather 
Years 

Magueyes, Mayagüez, Isabela t 

Figure 2. BEANGRO simulation for AEGIS 

48 



Computing soll loss during each cropping season will Indicate the prob-
able distribution of soil erosion and thus the portions of a rotation.when_ 
improved management practices will be most beneficial (Wlschmeier-and Smith, 
1978). In spite of its limitations, the USLE is used in this project, not 
necessarily to obtain accurate and absolute erosion figures, but as an 
index to compare relative rates of soil loss resulting from different 
management practices on different soils in each region (Ventura et al., 
1988). 

DESIGN OF DATABASE AND EXPERT SYSTEM 

The databases <?f AEGIS store information about soils, weather, land 
suitability, crop requirements, and crop performance factors derived from 
the USDA-SCS soil surveys, historical weather records, expert knowledge, 
crop and soil models. Figure 1 presents an overview of the function 
of these databases. 

First, special dabases of soil and weather data formatted to IBSNAT 
standards were created for the three regions. These files were used to 
run the crop models for evaluating crop performance under different manage-
ment practices. The results of the crop models are stored In the CROP_YLD 
datafiles which are accessed by AEGIS during the evaluation of agricultural 
strategies. These datafiles list the results of the models for each combi-
nation of region, crop variety, so:Ll type, planting date, Irrigation and 
fertilization treatments. The SOIL_LOS file stores the values of predicted 
annual soli loss for each cropping season. These datafiles are used to 
produce tables and maps of strategy results. 

Information about the spatial distribution of soils In each region is 
contained In the Polygon Attribute Tables (MAP_PAT). These tables were 
automatically created by pcARC/INFO (ESRI, 1989) when regional USDA-SCS 
soil maps were digitized. These databases list each polygon (soil mapping 
unit) number, perimeter and area. Other attributes, such as soil type, 
group, and map symbol for each polygon are then added to the records. These 
databases are used primarily for map production. 

Other important databases Include the soil Indicator (SOIL_INDIC), 
the weather indicator (VTH_INDIC), and the crop sutlability (CROPSUIT) 
files. The SOIL_INDIC files contain specific soil parameters such as 
slope, depth to water table, pH, and aluminum saturation whereas the 
WTH_INDIC files contain monthly weather Indicators (mean precipitation 
and temperature) and daily cumulative percentages of the USLE's rainfall 
factor (R). The data from these files are used primarily to target soils 
that can be considered for crop production based on user-defined restric-
tions, or on specific crop requirements stored in the crop suitability 
(CROP_SUIT) file. Further information about the development of those 
files is provided by Lai et al. (1990). 

The CROPJ5UIT file contains optimal ranges of aluminum saturation, 
potassium, and pH recommended for different crops, assuming that no correc-
tive measures will be implemented for soils with values outside of these 
ranges. These ranges are being defined by regional experts and through 
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literature reviews. This information will be used to create the rules of 
the expert system which is designed for selecting soils in a region that 
are best suited for the production of the crop(s) considered. This is an 
option offered in the user interface. 

LINKAGE WITH GIS 

A Geographic Information System may be defined as a computer-based 
system which links or references digital map features (wells, roads, soil 
mapping units, for example) to a database of attributes describing these 
features. A GIS provides four basic functional automation, manipulation, 
analysis, and display of geographic data in digital form (ESRI, 1989). 
Theae functions make GIS a powerful tool,, well suited to spatial studies. 

GIS has been used In several agricultural and environmental studies. 
Zhang et al. (1990) combined a solute transport model, Chemical Movement 
In Layered Soils (CMLS), with a GIS, pcARC/INFO, to evaluate the impact of 
foui: pesticides, Chlorsulfuronr Aldlcarb,, Atrazine, and Ethoprophos, on 
groundwater quality under different sets of environmental conditions in 
Oklahoma. Garland et al. (1990) Integrated land use/land cover data into 
a GIS to identify and prioritize non-point source pollution potential of 
agricultural lands in Chesapeake Bay, Virginia. Using a combination of a 
GIS„ the Geographical Resource Analysis Support System (GRASS), and DRASTIC, 
a systematic methodology developed by the EPA to assess pollution suscepti-
bility, Halliday and Wolfe (1990) conducted a study to Identify potential 
groundwater pollution from the use of nitrogen fertilizer on cropland in 
Texas. 

AEGIS uses pcARC/INFO to organize spatial data and produce thematic 
maps based on results of agricultural strategies. First, soil maps 
(scale - 1:20000) of the three regions were converted into digital layers 
using pcARC/INFO. These layers are used as base maps to represent graphi-
cally different attributes of soils in each region. For example, the GIS 
can create maps showing the distribution of soil by series, slope, land use, 
or any other characteristic that is Included In a database called the Poly-
gon Attribute Table which is referenced to the digital layer. When a user 
selects a strategy to be evaluated by AEGIS, the results are stored first 
in temporary files listing the production and environmental degradation 
factors predicted for each soil type In the region considered. Then, these 
temporary files are joined to the Polygon, Attribute Table (MAP_PAT) , and 
thus the simulation results become an additional set of soil attributes 
which can be manipulated and presented in digital maps. Consequently, 
AEGIS is able to create maps of simulated yield, biomass accumulation, run-
off, etc., at all three probability levels for the strategy evaluated. 

More complex data manipulation and analysis can be executed with AEGIS 
since other map types such as regional weather distribution and land use 
are integrated into AEGIS (Fig. 3). These additional coverages provide the 
flexibility of presenting the same strategy results aggregated over dif-
ferent boundaries (land use, weather zone, etc.). 
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THE USER INTERFACE 

Ue have discussed so far the role and structure of several components 
of AEGIS. However, the Integration of all these components into a coherent 
and useful decision making tool is done by the Intelligent system supervisor. 

Figure 4 presents the main functions of the interface: First, the user 
may select one of the three regions for which a production strategy will 
be evaluated. A default region (Mayaguez) is provided. Then, the user 
may define a strategy to be analyzed (crop, variety, planting/harvest dates, 
irrigation and fertilizer treatment...) and obtain the simulation results 
for all soils in the region. The U9er may also specify certain regional 
characteristics (soil group, land use...) to restrict the scope of the anal-
ysis to a smaller portion of the region. This option may be used, for 
example, to evaluate the potential of soils which are not in agricultural 
or urban use for producing the long-season variety of dry bean. The next 
step is to examine the results in tables and maps. If the crop perform-
ance predicted for all soils considered in the analysis satisfies the 
user's goals, then those tables and maps may be saved as a regional produc-
tion plan. Otherwise, the user may designate the soil types which did not 
perform according to his/her objectives (if predicted yield is too low, or 
runoff is too high, for example) and save the remaining set as the produc-
tion plan. The plan is thus an expression of the agricultural strategy(les) 
that the user perceives as the most appropriate for the region considered. 
The user can change one or more of the strategy parameters and estimate 
the effect of these changes on production and environmental degradation 
predicted. 

The user interface is composed of a bar-menu with four main options 
to which other pull-down menus ara connected (Fig. 5). Under the "Select 
Parameters" option, users of AEGIS can select a region and specify the 
parameters of a strategy to be evaluated. For example, let's consider the 
case of a planner who needs to estimate the potential of soils for ralnfed 
and Irrigated long-season (LS) bean production In Mayaguez. The planner 
would use that option to select the appropriate region, crop variety, 
planting date and irrigation treatment. Then, with the "Analysis/Plans" 
option, the results of each strategy (crop productivity and environmental 
degradation by soil type) can be viewed as tables (Fig. 6) or maps (Figs. 
7a and 7b). The same analysis could be carried out for short-season dry 
bean, and the planner would then have a larger set of options to compare. 
Hard copies of the maps and tables created during the exercise can be 
produced, thus allowing the planner to compare the results predicted by 
the models. Additionally, these results can be saved as a regional produc-
tion plan, which can be modified at a latiir time. The "New Databases" 
option allows the user to create new sets of databases for new environments 
and management conditions using DSSAT. 

The interface Is designed using dBASK IV programming language, and 
pcARC/INFO small macro language (SML) for map production. AEGIS is 
designed as an interactive and flexible system which accommodates 'what 
i f queries from scientists, planners, and policy makers. However, a 
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Figure 4. Flowchart for creating a Plan using AEGIS
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rtxC 1 2.75 Τ 2.998 5.32 8 Ζ77 9B.888 
MxFZ 1 3.33 Τ 2.998 5.32 8 276 129.888 
ItxDZ 1 3.88 Τ 2.998 5.32 8 276 129.888 
ΠχΕΖ 1 255.88 Τ Ζ. 998 5.32 8 276 129.888 
NcDZ I 18.82 Τ 2.868 5.88 8 275 56.888 

fl^Heljl F J "SJ^r e ν ΓώΙε*ίΓΓ ojj 
1 tSCKExi^ 

Fl|un i. Tibi· of alauladon ruulca for 1 o i i | - i u h· dry boa In Hayaguas. 
Tha coliwu roproMnc et« aoll sapping uolc ayabola, choir group 
nuabor, area, plan a u r V , and avoraga vmluaa pradtccod for ylald, 
bloat·· accuaulat-ica. Ιιιΐμείοη nqulraMC, évapotranspiration, 
and runoff. 

* Tho plan icacua la a logical flald which dacanlnaa whachar a «oil typa 
la aavad In a plan. Thta ta cha only flald In chla tab La which can b· adlcad by 
uaara of A£GIS. 
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Figure 7a. Simulated average ylald for dry bcaa under rainfad conditions. 

A v e r a g e Y i e l d f o r Beans (LS) 
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Figure 7b. Simulated average yield for dry bu- -under Irrigated coalitions. 
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complete description of Its functions Is beyond the scope and intent of 
this paper. 

CONCLUDING REMARKS 

AEGIS is a model-based Decision Support System designed to facilitate 
agricultural planning at the regional level. It integrates the capabil-
ities of crop and soil models, a geographic Information system, a database 
manager, and an expert system for evaluating different production alterna-
tives and their impact on the environment. This prototype is under devel-
opment for three areas of the island of Puerto Rico where sugarcane 
production is becoming non-profitable. The Land Authority of Puerto Rico 
is interested in alternative crops to replace sugarcane areas. Although 
only two crops are Incorporated into AEGIS at this time, this system 
demonstrates the potential contribution of modern computer technologies 
to the solution of agricultural problems such as production planning, land 
use management, and agrotechnology transfer. As the crop and soil models 
which support AEGIS become more sophisticated, AEGIS will have greater 
potential as a tool for agricultural planning. 
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"AGROFORESTRY*· ABO ITS APPROPRIATENESS rOR DOMINICA 
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ABSTRACT 

Despite constraints, agroforestry in Dominica is both desirable and 
needed. Education and guidance can win farmers over to the longterm bene-
fits of sustainable agroforestry rather than the shortterm gains and poten-
tially destructive practices of Monoculture. Longterm benefits Include 
control of noil erosion and protection of waterahed and catchment areaa, 
all of which are of particular Importance in Dominica's rugged terrain. 

INTRODUCTION 

Agroforestry as Baumer (1990) describes it Is a collective term for 
systems and technologies of land use where perennial woody plants, trees, 
shrubs, bushes, and pasture land are deliberately cultivated on ground 
otherwise used for crops and/or stock rearing in a temporal or spatial 
arrangement. Here we find interactions at once ecological and economic 
between woody plants and components of the system. 

The forests of the world are shrinking daily due to Intense pressure 
by people seeking food, fiber, energy, shelter, and land for settlement. 
Attitudes of farmers demonstrate resistance to change. Farmers prefer 
small changes in their farming methods. Agroforestry systems provide im-
pressive demonstrations of how trees can be used on farms in highly produc-
tive and beneficial ways. On the strength of this and amidst high hopes 
agroforestry projects have been started in many countries. 

Irrespective of the type of project that it involves, agroforestry 
is the management of trees within the farming environment (Kerkoff, 1990). 
It is an important new hope for the Third World where farmers can, by 
Integrating tree-growing with crop and livestock production, attempt « 
solution to a variety of combined problems including poor agricultural 
productivity, increasing wood shortage, and environmental degradation. 

BACKGROUND OF AGROFORESTRY IN DOMINICA 

Agroforestry is not a new concept In Dominica. It was practiced and 
is still prevalent among some of the remaining large estates. Félicité, 
an estate in the southeastern portion of Dominica, had as its agroforestry 
components galba (Calophyllum calaba), cashew tree (Anacardlum occidentale) 
intercropped with bananas and groundcover crops Including dasheen, (Colo-
casla sp.) and tannia (Xanthosomn sp.). The galba tree served as the 
forest tree, supplying shade to crops, providing timber, fuel, serving as 
wind breaks, wood for furniture, and dwelling houses' hurricane support. 
In addition, it served as an excellent alley cropping tree. 
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At Shawford Estate multicropplng systems were used. The fruit tree, 
m«ngo (Mangifera Indies) served as a windbreak, a cash generating tree 
crop, for shade, and for firewood. Hango was cropped with citrus and 
ground cover crops auch as dasheen (Colocasla) and tannia (Xanthosoma). 
Other fields on the estate were intercropped with mango, coconuts, and 
herbaceous crops like sweet potatoes. 

Up to this time information was available and some enlightened farmers 
did in fact practice a for· of agroforestry using Cllrlcldla sp. as bound-
aries to other property. The trees ware planted as living fences, inter-
cropped with cocoa, coconuts, and citrus. The usual groundcover were the 
traditional root crops, tannia and dasheen. Foddar was supplied for stock 
by Gllrlcldla, and for the purposes of prevention of soil erosion, use was 
made of vetlver grass to reduce runoff and to provide straw as a cash crop 
to the handicraft industry. 

When smaller landholdlngs first became common the small farmer was 
unaware of the need to practice soil conservation, was involved in monocul-
ture, and believed there would be an unlimited amount of cultivable land. 
Thils attitude soon allowed carelessness to prevail. 

In the present day, due to population pressura and an Increase in the 
number of tenant farmers, land suitable for agriculture has become scarce 
and the need for agroforestry systems and techniques for sustainable agri-
culture has arrived. These techniques have become available to the average 
farmer willing to utilise to the utmost extent tha opportunity afforded to 
him to maximise cash returns on his otherwise-limitad acreage. 

As Ramdlal (1983) says, "Agroforestry as a system provides us with 
a major option of realising the full potential of tha land both in terms 
of economics and conservation." 

ATTEMPTS MADE TO REINTRODUCE THE AGROFORESTRY CONCEPT IN DOMINICA 

Before discussing the revitalisation of agroforestry in Dominica, per-
haps it would be beat to demonstrate agroforestry and its various compo-
nents pictorlally. 

Fig. I. Possible combinations of agroforestry (Adapted from Combe 
and Budowski, 1979) 
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D. H. James. an OAS Consultant, set about to investigate the problems 
associated with having good agroforestry systems and techniquea functional 
In Dominica. His initial findings (James, 1988) were (1) a need for public 
awareness on matters of soil conservation, and (2) there existed degrada-
tion and Indiscriminate felling of trees in the forests. In addition, h« 
found that some of the salient features necessary to make agroforestry 
work were lacking. These features included the need for proficient and 
educated extension personnel, both In the forestry and agricultural depart-
ments and the need for farmers acceptance of new techniques which would 
ensure better cash returns from their limited tenancies. Furthermore, fei« 
encouraged multicropplng systems that would provide several of the pre-
requisites of farmers, namely wood, fenceposts, tree crops to provide cash 
crops, forest trees for windbreaks, prevention of soil erosion, practice 
of soil conservation, selection of sites suitable for agriculture, the pre-
servation of rugged terrain and sloping land for use as forest buffers, 
and setting aside areas for regeneration of forest stock. 

DEMONSTRATING THE CONCEPT 

This concept was best demonstrated by James (1988) beginning by identi-
fying three distinct types of agroforestry systems prevalent on the Castle 
Bruce Estate. This Information was subsequently utilised for educational 
extension, training, and as a source of valuable information for research 
purposes. 

Castle Bruce Estate Is located on the eastern coast of Dominica in 
the Parish of St. David. The acreage used was 974 acres subdivided into 
245 lots. The. remainder of the estate was approximately 849.5 acres and 
represented steep forested lands and lands reserved for housing and 
industry. Castle Bruce cultivation at that time was about 700 acres of 
bananas, 20 acres of oil palms, 150 acres of limes, 50 acres of grape-
fruit, and 50 acres of communal pasture. The following systeme ware 
Identified: 

1. Agrisilvicultural. In this system woody perennials, agricultural 
tree crops, and forest species are combined with food and root crops. A 
typical combination would be Cllrlcldla sp. with citrus, bananas, root 
crops, dasheen, and tannia. 

2. Silvopastoralism. Livestock is Integrated with tree crops or 
forests. At Castle Bruce, the livestock were allowed to graze on grass 
under coconuts. 

3. Agrosilvopastorallsm. This involves the Integration of agricul-
tural crops, woody perennials and livestock. This system combined woody 
perennials, fruit trees, agricultural crops, and small stock in home 
gardens and dwelling areas of inhabitants of the estate. 

Other multiple cropping systems recognized Included forest tree in 
upper story, a middle story crop (the banana) and lower story crop of 
root crops. 
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Further work took the form of species trial plots at different loca-
tions In Dominica. 

a. Macoucherle plot using Leucaena leucocephala and mahogany 
(Swietenla sp.) as the trial material. Result: Leucaena was recommen-
ded for fuel and was the best survivor on the western coast of Dominica. 

b. Woodford Hill using white cedar (Tabeula pallida), Eucalyptus 
c itrlodorea, Leucaena sp. as trial material. Result: white cedar was 
most preferred for its good vegetative cover and erosion control. 
Eucalyptus cltriodora showed potential for charcoal, windbreak, reforesta-
tion, and fuel wood. 

c. Neem (Azudlrachata indlca) plots proved a failure for groundcover 
erosion control at Salisbury and the Jimmit area near Mahaut and had to 
be replaced. This was as a result of its low survival rate, poor growth, 
and lack of response. 

Agroforestry Project. 

In Petite Savanne an agroforestry proj ect was designed to combat 
deforestation and indiscriminate felling of forest trees that could 
trigger soil degradation and erosion. It was designed to help farmers 
form a cooperative to plant more herbaceous crops for cash returns rather 
than relying on the single source of revenue from Bayoll. It was a con-
certed effort on the part of the farmer« as they took upon themselves the 
tosks of propagating seedlings of forent trees and setting up multiple 
cropping systeme to meet their Immediate needs. 

Bagatelle Agroforestry System , 

The village of Bagatelle Is situated in the southeastern part of 
Dominica near Petite Savanne. The terrain is rugged, soil degradation is 
rampant, firewood shortage is very visible, and land for cultivation is 
lacking. Attempts at a solution were afforded by acquiring the estate for ri 
settlement. The basis of this agroforestry scheme was to Incorporate an 
agrosllvlcultural program with forest trees being planted on contour and 
woody perennials Intercropped with food crops. This was necessary as the 
former method of agriculture was the slash-and-burn method. 

STATUS OF AGROFORESTRY SYSTEMS IN DOMINICA 

At present day, the statue of agroforestry In Dominica can be consid-
ered as one of varied success. Extension education to staff of the Agri-
cultural and Forestry sector has helped make farmers aware of soil ero-
sion and soli conservation. Hanley (1989) suggests that interest in 
many aspects of agroforestry also may be limited by the length of time 
between effort and rewarding forestry activity. This is especially true 
when one considers that using current methods of cultivation a small 
tenancy farmer can obtain a consistent cash return from his holding. He 
won't be willing to invest in a venture which probable holds hope for 
succeeding generations. Other problems encountered include the lack of 
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material for regeneration or propagation when requests are made. This 
probably goes back to the point that for any agroforestry system to be suc-
cessful, sustainability must be clearly demonstrated. 

CONCLUSION AND RECOMMENDATIONS 

There are several constraints facing any agroforestry system attempt-
ing to be operational in Dominica. These include topography, small tenancy 
acreages, scarcity of cultivable agricultural lands, rugged terrain, and 
the length of time between effort and reward in forestry activity. 

Agroforestry is a auch needed and highly desirable farming technique 
In Dominica provided that it can be directed properly by constant guidance 
to farmers. Lack of suitable land almost invariably triggers the shift 
from a good farming system to one based on a quick and consistent cash 
return. This can be stated categorically for the shift of several 
farmers from multiple cropping systems to a monoculture for speedy 
returns, especially bananas. Perhaps a number of considerations should 
be borne in mind (1) sustainability, (2) the constant need for extension 
education, and (3) clarification of the possible severe effects of abandon-
ing strict agroforestry techniques. Self actualization should play a key 
role where farmers can derive self-satisfaction and benefits through cash 
returns for their efforts. The need for public awareness Is crucial since 
several components are necessary for any agroforestry system to work. 
These include the need for the protection of the watershed and catchment 
areas, soil erosion control, and the need for soil conservation and pro-
tection of an environment that can suffer so dramatically fro· imbalances. 
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ABSTRACT 

Fruit trees offer a practical possibility In a reforestation program. 
Reforestation with fruit trees may be associated with other farming enter-
prises. In the Caribbean a few non-traditional fruit tree species could 
be used for reforestation. The ones herein described have been chosen for 
their adaptability to local conditions, apparent resistance or tolerance to 
pests and diseanes, rusticity in relation to the cultural practices and 
resistance of their fruits to transport. Nuts and non-perishable fruits 
are the most suitable. 

INTRODUCTION 

Fruit tree« constitute an elegant way to think about reforestation. 
Two objectives can be reached at the same time: a) to protect the soil 
from erosion and re-establish a vegetative cover, and b) to generate food 
and a monetary income on a long-term basis through the production of fruits. 

Reforestation with fruit trees may also be associated with so·« kind 
of extensive farming including itinerant ground provisions and vegetable 
growing as well as sheep or cattle raising. This type of farming should be 
considered as a low capital-and-labour consuming activity. 

Good experiment· have been conducted in North Africa with the medite-
rranean almond tree (Prunus dulcls) and date palms (Phoenix dacty11fera). 
Some attempts have also been made In Central America with the cashew 
(Anacardlum occidentale) and the pee-wah (Guillelma gasipaes) and in Trop-
ical Africa with the tamarind (TamarIndus lndlca)~and dunks (Zltlphus 
maurltanla). 

Attempts have not been always successful for many reasons; probably 
the three most important are: the Incorrect choice of the species to be 
cultivated; unappropriated techniques of cultivation (soil preparation, 
terracing, weeding, etc., or intercropping; and lack of oonsciousness from 
neighbours, mainly for not keeping away their domestic animals. 

In the Caribbean a few non-tradltlonal fruit tree species could be 
used for reforestation. The ones herein described have been chosen for 
their adaptability to local conditions, apparent resistance or tolerance 
to pests and diseases, rusticity In relation to the cultural practices and 
resistance of their fruits to transport. Muts and non-perishable fruits 
are the most suitable. 
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TROPICAL HUHID AREAS (Rainfall >2,000-2,500 MI; dry season 
<3 eon tha) 

Breadfruit /Artocarpus altllls (Park.) toebj, chatalgne (A. altllls 
var. semlnlfera), and jackfrult (A. heteroplnyllua La·.). These are quick 
growing species well adapted to the huaid tropics. Breadfruit is propagated 
by cuttings and this technique Is well known In aost of Caribbean nurseries. 
Chatalgne and jackfrult are propagated by seeds. Each species can develop 
Into huge trees, so plantings Must be spaced with this In alnd, allowing 
no More than 100 trees/ha. Breadfruit is an i«portant source of food 
In the Caribbean and has certainly the best export potential for North 
America and tha EEC. Jackfrult Is popular aaong populations of Indian 
origin. Seeds of both chatalgne and jackfrult ara aatan boiled or roasted. 

Pee-wah or peach-pal· /Culllelma gaslpaes (H.B.K.) Balle^7. This 
species has two advantages. Its fruits can. be eaten after boiling in salt 
water and the heart of pal· from Its trunk can also be eaten. It also 
emits new shoots after the main trunk has been cut down, so commercial ex-
ploitation is not destructive. Pee-wah thrives better In high rainfall 
areas and tolerates occasional flooding. Improved cultlvars have been 
selected in CATIE, Turrlalba (Costa Rica), both for fruits and for heart 
of pal·. The trees can be propagated fro· seeds or basal suckers. Whe pos-
sible » the latter technique allows for early bearing and hoaogeneity. 
Guyana is presently producing and exporting canned hearta of pal· to 
Europe. 

Sapucala nut, paradise nut, or monkey pot (Lecythis zabucajo Aubl.). 
Some trees have been planted in Trinidad a few decades ago, In the Cumuto-
Coryal area (Pursglove, 1968). Their behavior can be qualified as excel-
lent. At present, nuts are sold In local superstarke ta. These nuts have 
a great potential for export since they are considered better than the 
true Brazil nut (Bertholletla excelsa) and their shell is not as hard. 
Slow geraination of the seeds and late bearing of the trees represent 
serious constraints for propagation and conearcial production. Research 
work on vegetative propagation and tissue culture has been done in Brazil 
to try to solve these problems. It must be considered a long term 
investment. The urn-like fruits which contain the nuts are very attrac-
tive and can originate the development of a handicraft activity. 

TROPICAL DRY AREAS (Rainfall < 1,500-2,000 mm; dry season from 
3 to 6 months). 

Tamarind (TamarIndus indlca L.). Native of the savannahs of Tropical 
Africa, the tamarind is a very hardy and drought resistant fruit tree, slow 
growing and late bearing when propagated from seeds, but vegetative propa-
gation (budding) of outstanding cultlvars reduces these inconveniences. 
Belonging to the legume family, its cultivation improves the soil fertility 
through the fixation of nitrogen. The fruits are collected during the 
dry season and can be stored in a dry place for a long time. The pulp can 
be extracted and shaped into small balls and then wrapped in polythene 
sheets. Export market for both fresh fruits and pulp is developing. 
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Cashew (Anacardium occidentale I..) Cashew Is a fast growing, hardy, 
drought resistant, early bearing tree, able to produce high priced nuta 
and aoft apples used to make juice, wine, vinegar, and dried fruits. The 
apples are very perishable but even if most of then are loat, the nuts can 
always be picked and stored In a dry place for a long time. The cashew 
nut shell liquid (CNSL) also haa »any industrial uae·. The main incon-
venience la that the tree Is vary sensitiv· to fire. Many attempts of 
reforestation with this species have failed for this reason. Another 
problem is the high incidence of anthracnoae damage on flowers and young 
frulta when relative humidity of the atmosphere is too high during the 
flowering period. Thase problem· can be aolved through proper selection 
of the sit· and proper management of th· tree·. 

Calabash tree (Crescentla cujete L.). Native of Tropical America 
and the Uest Indiea, this is a very liardy, fast growing tree. The fruits 
are used for containers and handicraft. Seeds of the fruits make a popular 
drink in Central America. The bark of the trunk and the main branches are 
soft and spongy, so It is a host-plant for many orchids and bromellad 
species and for aome epiphytic cactun belonging to the Hylocereus genua, 
which alao have edible frulta. Tree» are easily grown from seeds and 
cuttings. 

Indian jujube or dunks (Zlzlphua maurltanla L«m.). This is a small 
thorny evergreen tree originating in Tropical Africa and Asia, drought 
resistant and well adapted In the Caribbean. Trees bear small round 
fruits, rich in vitamin C, which can be eaten fresh or candied. Cultiva-
tion of this species could be developed for reforestation in the driest 
areas. Best cultivera can be propagated by budding. 
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INTRODUCTION 

It is obvious that the ancient idea that agricultural development 
•ust proceed at the expense of environmental preservation is "going out 
of the window." It also Is no secret that agricultural development has 
been in serious conflict with conservation or preservation of the environ-
ment. This has manifested itself clearly In the relationship between 
Agriculture and Forestry Departments lvi tha Caribbean. 

Historically, agriculture departments have been charged with the 
responsibility of pursuing agricultural goals, which strongly emphasize 
increased food production and the clearing of forest lands. On the other 
hand, forestry departments have traditionally promoted conservation and 
maintaining forest cover for ecological reasons. Hence, these departments 
have gone their separate ways, and even in most cases where forestry func-
tions were performed within the Department of Agriculture, a way has been 
found to change this, and to establish a separate Forestry Department. 

POLICY AND PROGRAMMMES 

Agricultural policies throughout the Caribbean region have emphasized 
Increased production, income generation, creation of employment and import 
substitution. However, in formulating these policies mention has been 
made of soil and water conservation or even watershed protection. 

The extent to which agricultural programmes have Included provisions 
to address soil and water conservation or even environmental preservation 
is questionable. Traditionally, natural vegetation, especially forests, 
have been cut for cultivating agricultural crops. It Is often argued 
that any land which has been reserved as forest land as part of a land 
development scheme Is unsuitable for agriculture. 

Soil and water conservation have not been given the necessary 
priority In agricultural development. Programmes aimed at promoting 
natural resources management for ecological reasons have been few. There-
fore, we have experienced immense soil erosion, depletion of water re-
sources, loss of biodiversity and other negative consequences which impact 
adversely on agricultural development,. 

It is this trend which suggests that market led agricultural produc-
tion is incompatible with environmental preservation. The Intense use of 
land to increase production to satisfy market demands will encourage the 
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use of agrochealcals which are not 'environment friendly'. Market led 
production suggests that one should produce to satisfy external sources 
and, If necessary, at the expense of local considerations. 

Environmentalists have challenged methods and practices used in agri-
cultural production, and many battles have been fought on the side of 
environmental protection. Therefore, the emergence of what is being called 
sustainable agriculture la encouraging. Sustainable is the key term for 
the modern environmentalist, and the adoption of programmes and project 
activities to bring about sustainable agriculture will be acceptable. How-
ever, market led production appttars to be in conflict with sustainable 
agriculture and hence environmental preservation. 

ALTERNATIVES 

Agroforestry Is being promoted vigorously as a suitable scheme in the 
development of sustainable agriculture. The factors which determine the 
establlahment of agroforestry schemes are tied to the characteristics of 
the land (such as soli types), slope, rainfall, etc. If market forces 
could be tied Into an equation that would promote agroforestry that would 
be very desirable. 

Eco-tourism la also widely accepted as an activity which promotes 
and benefits from environmental preservation, and eco-tourism is being 
promoted in many Caribbean Island«. Can market-led agricultural production 
be fashioned along the lines of eco-tourism? Can the necesaary linkages 
and Institutional aupport be eatabliahed to ensure sustainable agricultural 

CONCLUSION 

The writer is of the opinion, based on the argumenta presented, that 
for market led agricultural production for export to be compatible with 
sustainable agriculture and environmental preservation, a serious effort 
must be made to Integrate all the forces that must come into play to 
ensure the achievement of auch a noble goal. This will be a difficult 
goal to achieve. But to achieve the holistic pattern of development which 
we all aspire to, it is a matter worth considering. 
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SUSTAIMABLE AGRICULTURAL SYSTEMS: All OVERVIEW 

A . M . Vinchinat 

Regional Specialist in Technology Generation and Transfer 
Inter-Asierlcan Institute for Cooperation on Agriculture 

Caatri··, St. Lucia, U.I. 

The title of the Panel session (Agriculture and Environmental Preser-
vation: Are theae compatible with Market-led Agricultural Development 
Policy?) auggests doubts aa the promotion of alternative farming methods 
to current maximum-yield agriculture (National Research Council, 1989) has 
stirred heated controversies (Council for Agricultural Science and Tech-
nology, 1990). 

Lately, sustainable agriculture has been conceived to mean a stable 
undertaking in the global sense, involving all faceta of farming and ita 
interaction with aociety (Harwood, 1990). Operationally, It could be 
defined as: an agriculture that can evolve Indefinitely toward greater 
human utility, greater efficiency of reaourca uae, yet maintain a balance 
with the environment that la favourable both to humans and to most other 
species. Purposely, the concept la so general as to fit any specific or 
particular agroecologlcal and socioeconomic setting. 

Sustainable agriculture goes beyond the Green Revolution model, to 
evolve into that of agricultural systems In which at least the following 
needs ar· addressed: 

- Inter-relatedness of all parts of the farming system; 

- Maximization of dealred biological relationahips In the system, 
and 

- Minimization of the use of materials and practices that disrupt 
thoae relationships. 

It is not a regression to subsistence agriculture nor generalization 
of low input sustainable agriculture (LISA) aa frequently feared (Uagner, 
1990). 

To translate agricultural sustalnabillty into substance, a public 
agenda for agricultural development la needed, which includes the three 
Ps of policy, programmes and projects. 

Such an agenda, (Harwood 1990) should seek to, Inter alia: 

- Increase the utility of agriculture for ensuring 

reliable and sufficient production 
adequate livelihood (including equity, stability, safety, life-
style) of rural families. 

. food of highest quality, safety, diversity and nutritional value, 
and cultural identification. 
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- Increase biological/economic productivity, particularly through 

more production bio-types 
soil organic matter build-up, replenishment and conservation 
production/marketing diversity 
rotations/mixed croppings 
Integrated (crop/livestock) farming 
nutrient cycling 
biotechnology 

- Maintain ecology, especially by 

minimising groundwater contamination 
minimising pesticide use 
minimising synthetic fertiliser applications 
maintaining wildlife 
protecting plant/animal health 

- Ensure ability of agriculture to evolve indefinitely, by 

minimising soil loss 
preventing overdraft of fossil groundwater 
optimising energy use 
enhancing biological nitrogen fixation 
prosiotlng perennial crops (especially cartaln cereals, legumes, 
vegetables and fruits) 
boosting genetic diversity 
promoting agricultural land ownership and proper use 

- Design patterns of balanced geographical distribution and scale of 
agricultural development, considering 

physical and Institutional infrastructure 
market channels consistent with economic/social needs 
equitable business practices 

- Activate strategic planning of research, humanize technology devel-
opment, and adjust technology transfer to the changing needs of 
agricultural development through 

enlightened research and technology development policy 
sensible prioritization of values 
active participation of farmers In the generation, validation 
and transfer of technology 

The purpose of the agenda is to ensure the successful management of 
resources so that agriculture can satisfy reasonable human needs while 
maintaining or enhancing the natural resource base and avoiding environ-
mental degradation (Flrebaugh, 1990). 

In this context the valorization of genetic resources, especially 
through biotechnology, becomes a priority for agricultural development. 
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To achieve its purpose, the agenda should be: 

- A people-driven process 
- Culture and time specific 
- An iterative__ process of 

setting goals 
identifying gaps between existing and desired states of agricul-
tural development 
setting priorities, and 
allocating resources according to the priorities. 

Any agenda for sustainable agricultural development should take Into 
account the level of development of each country and Its ecological setting. 
In this perspective, the Caribbean as a region and the individual countries 
within it must decide on the most appropriate agenda, through continued 
assessment of present and future economic, social and ecological scenarios 
of agriculture within and outside the region. 

For that purpose, the Ministry of Agriculture a· rector of the sector 
In each country, should identify and establish mechanisms and means which 
lead to the designing of coherent agricultural development policies, 
strategic planning, identification and Implementation of relevant techno-
logical development and transfer programmes, prioritization of projects 
within the programmes, provision of adequate support services to farmers 
by both the public and private sectors, and monitoring and enforcement of 
regulations aimed at ensuring agricultural sustainability. 
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ISSUES ARISING FROH A PANEL DISCUSSION ON 
SUSTAINABLE AGRICULTURE AND ENVIRONMENTAL 
PRESERVATION: ARK THESE COMPATIBLE WITH 

MAAKIT-LED AGRICULTURAL DEVELOPMENT POLICIES? 
Rapporteurι Ma D. Francla 

LAND REFORM 

It was suggested that "appropriate land reform and zoning" policien 
in the Caribbean are critical elements to achieving compatibility between 
concepts of sustainable agriculture and market-led agriculture aa goninf, 
fits easily Into a sustainable ecological aystem. 

It was recognized that "land spéculation" Impacts negatively land 
use practices, setting the stage for conflict in land use, was justified 
for uae in low cost housing versus agriculture. 

It waa further recognized that the IMF-proposed land reform and 
favorable funding to amall farmer« encouraged all Caribbean government· 
to enter land redistribution schemes, i.e. IRDP, and in the entire proc·.·· 
Important issues such aa alee of farma and cost of investment of s m I I 
farma were alioted positions of leaser importance in the acheme of 
things. The impact of such land redistribution «chames la on suatalnable 
agriculture. 

It was suggested that Caribbean economics, at times have practiced 
zoning and land reform with inconalatent reaults. This point led to sug-
gestions of attaching price tags to land and Its worth by products. Cate-
gories noted included ecological price attached to all activities; satla-
factlon price on commodities; comfort price (i.e., ease of acca··); 
health price (nonchemical produce); and food aecurity price. 

By implication, would these price attachments mean that only the rich 
can afford to pay these extra charges? Following the above would conflict 
with the objective of agriculture, i.e., to provide food for all. 

It was recommended for Caribbean countries to ι 

(a) clearly define what sustainable agriculture means to them; 

(b) identify and translate definitions into programme appropriate 
to Caribbean development; 

(c) develop a workable, effective land zoning and use and land pricing 
policy; 

(d) embody the concept of zoning and land bank concept in national 
planning. 

It was also recommended that Caribbean minds not get sidetracked or 
bogged down by various new terminologies and captions defining situatlonn 
known and constant in Caribbean agriculture, i.e., Appropriate Technology, 

73 



Sustainable Agriculture, and Global issues, etc. The real issue is to 
concentrate on research and the application of research and research 
results on a timely basis. 

It was recognized that agriculture operated in cycles, with the most 
current cycle largely determined by the large multinational corporations 
who dictate consumer patterns and trends. The real challenge is for 
Caribbean countries to determine what they (Caribbean contrles) want 
fron their agricultural sector. Cited example of agricultural cyles 
and the role the MNCs played in the cyclical movement included) 
Caribbean agriculture Initially seen as backward; chemical fertilizer 
and pesticide use in agriculture seen as a method for modernization of 
the backward sector; organic agriculture now seen as environmentally 
friendly. 

The question arose as to what is the meaning of "modernization of 
agriculture" and how is it translated to Caribbean sustainable agricul-
ture. It was suggested that the "sustainability" problem In terms of 
agricultural development arose when there is a situation of conflict 
between determination of private benefit costs and social costs. The 
point was made that the majority of the world's population are consumers, 
and very few are producers, and If producers do not have property rights 
to a resource it may be difficult to convince them to conserve a resource. 

Additional issues raised includad the compatibility between the 
market-led approach and our Indigenous proudction systems recognizing 
the unorthodox and ad hoc nature of Caribbean production and the issue 
of balance between agricultural research and agricultural extention, i.e., 
is there enough research generated for extension to extend. 

FINAL STATEMENTS BY PANELISTS 

Hannah Clarendon: Caribbean needs; to take up challenge of being 
Trend Settlers, no longer being directed from outside, I.e., MNCs; deter-
mine for ourselves where we want to be in agriculture. That the Carib-
bean should develop a method of sustainable agriculture compatible for 
our development and environment and extend/sell this idea to the rest 
of the world. 

Felix Gregolre: The issue of conflict can be read or Imagined and 
may„ In effect, be complementary. The emphasis In achieving certain goals 
may create only apparent conflict. By utilizing a holistic development 
pattern, if properly done, the conflict issues can be resolved. 

Antonio Plnchlnat: The real question is "where do we go from here." 
The way ahead is to keep promoting dialogue and exchange of views with 
all active participants, from farmers, economists to policy makers and to 
develop new philosophies and approaches to research and technology transfer. 
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TECHNIQUES FOt ENHANCED LIQUID PESTICIDE APPLICATION 

Η. Ε. Headings 
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ABSTRACT 

A portable batery operated spray table has been designed and construc-
ted to quantify and demonstrate the effect of nozzle size, wear and damage, 
and of pump pressure on sprayer output. The effect of nozzle spacing, pattern, 
angle, height above ground, and of wind velocity can also be visually demon-
strated. Utilizing proper pesticide application techniques can lead to en-
hanced plant protection and yields, and reduced phytotoxiclty, environmental 
contamination, and monetary cost. 

INTRODUCTION 

There is a growing concern about protection of the environment and 
human health and safety as it relates to the use of chemical pesticides. 
The high cost of such chemicals Is also a problem for many people. These 
Issues can be addressed in part by their judicious and proper application. 
A spray table can be used aa an excellent educational tool to demonstrate 
proper pesticide application techniques, equipment, and calibration. The 
advantage of a portable, battery-operated unit is that it can be used in 
the classroom or field without dependence upon electricity. The use of 
aluminum as the construction material provides strength while atlll having 
light weight for transport. In addition, aluminum does not rust when wet 
or under high humid conditions. 

A spray table can be used to very effectively demonstrate sprayer 
calibration techniques (output/min.) and the effect of wind on spray 
drift. The Importance of nozzle size, spacing, pattern, angle, wear, and 
height above ground can also be visually demonstrated. The design, cons-
truction specifications, and utility of a spray table are herewith presented. 

MATERIALS AND METHODS 

A spray table was designed and constructed for use In teaching pesti-
cide applicators In industry and traditional college-level students the 
proper application techniques. The specifications for constructing the 
table are as follows: 

Table dimensions are 182.9 cm in length by 106.7 cm In width by 
121.9 cm (back) and 106.7 cm (front) In height (Figure 1). 

The frame Is made from 3.2 cm χ 1.9 cm angle aluminum bars. The table 
has four legs and is supported by cross braces. 
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Figure 1. Spray table for demonstrating pesticide application 
techniques. 

On each end of the table there is a vertical support bar for the spray 
boom which is 152.4 cm in length and extends 83.8 cm above the table sur-
face. Each vertical end bar has holes every 7.6 cm to allow for up and 
down adjustment of the spray boom. 

The spray boom is a steel pipe 193.0 cm in length by 2.5 cm in dia-
meter. It extends across the top of the table from one vertical end bar 
to the other. 

Two quick-snap spray nozzles are positioned on the spray boom 50.8 cm 
apart. However, these can be adjusted to different desired distances apart. 

A pressure gauge is attached to the left end of the spray boom. It 
la a liquid-filled gauge (0-100 psl, model LFS 220). 
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Hose (2.5 cm l.d.) extends fron the boon to a pressure regulator 
attached to a panel on the left end of the table. There Is also a shut-
off valve between the gauge and pressure regulator. 

There Is a small electric motor and pump positioned on a small platform 
on the left end of the table (FloJet, model 2100-652). It operates from a 
12 volt battery with a 10 amp fuse In line between motor and batery. 

A toggle switch Is also located on the left end of the table to turn 
the motor on and off. 

An aluminum panel (175.3 cm by 45.7 cm) with 29 glass tubes is posi-
tioned on the front side of the table. This panel is attached to a galva-
nized steel pipe 182.9 cm In length by 2.5 cm In diameter which thereby 
allows the panel to pivot Inward to empty water collected in the tubes. 

An aluminum trough (213.4 cm In length) is positioned under the table 
behind the panel Into which water from the glass tubes is emptied. The 
water is thereby returned to the bucket from which it was pumped. 

Glass tubes on the panel are 45.7 cm in length by 3.2 cm in diameter 
and are spaced about 2.5 cm apart. 

The table top consists of two overlapping sheets of sharply corrugated 
aluminum approximately 111.8 cm square with corrugated valleys approximately 
5.7 cm apart. These sheets rest on two (2.5 by 2.5 cm) channel aluminum 
bars extending from one end to the other on top of the table frame (one 
near the front and one near the back side). 

A back splash-panel (177.8 cm by 30.5 cm) is hinged to two side splash-
panels (106.7 cm by 15.2 cm) and rests on the tabletop. Panels are made 
from polycarbonate material with the Tuffak trade name. 

A two-speed 12-volt fan is attached to the right vertical spray-boom 
support-bar to provide wind for demonstrating spray drift. 

RESULTS AND DISCUSSION 

A number of important spray application techniques and equipment com-
ponents has been demonstrated by use of a spray table. These are as 
follows: 

Sprayer Calibration. 

The effect of change in pressure on volume output per minute was 
tested. For example, increasing pressure four times (from 15 to 60 psi) 
approximately doubles spray output. This can be shown by collecting 
spray from a nozzle for one minute (or for 30 seconds χ 2). For the 
purpose of demonstration, water was collected from one nozzle for 30 
seconds at 15, 40, and 60 psl. Ten consecutive samples were collected 
at each of these pressure settings. The average number of milliliters 
of water collected at each pressure setting is shown in Table I. Slight 
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Table 1. Effect of pressure on volume output. 

Pressure Vol. (ml)* Vol. (ml)** 
psl per 30 sec. per 60 sec. 

15 352.2 704.4 
40 588.2 1176.4 
60 724.7 1449.4 

*Based upon average of 10 aanplea collected at each pressure setting. 
**D«termined by calculating 30 second value χ 2. 

variations are due to a human error in timing and Measuring. The nozzle 
used was a tapered flat-fan XR TeeJet 8003VS. 

Another way to calibrate or change the output of a sprayer is to 
change nozzle alee. The larger the nozzle opening, the greater the output 
at a given pressure. This can be demonstrated by collecting water fron 
two nozzles of different sizes and measuring the difference In output per 
minute. This can alao be visually demonstrated by the volume of water 
collected in the glass tubes on the front of the spray table. A typical 
pattern, for example, when comparing an LF2 with an LF3 nozzle is shown 
in Figure 2 (LF2, smaller nozzle, on right; and LF3, larger nozzle, on 
left). 

Therefore, changing pressure and nozzle size are obviously two ways 
to change calibration of a sprayer. Changing nozzle size will allow for 
the largest change. The third way Is to alter ground speed (which 
obviously cannot be demonatrated on a stationary spray table). 

Worn and Damaged Nozzlea. 

A worn nozzle may have an uneven spray pattern and deliver more spray 
than when the nozzle was new. Two new nozzles were compared using tapered 
flat-fan XR TeeJet 8003VS nozzles. Output, as shown In Table 2, is very 
nearly the same. 

Λ damaged nozzle also likely will have greater output than a new one 
and the spray pattern may appear very erratic. An example of the pattern 
of a new LF8 nozzle (left) compared to a damaged LF8 nozzle (right) is 
shown in Figure 3. 

Nozzle Types. 

Nozzles are designed with different spray patterns and for differnet 
uses. For example, an even flat-fan fat nozzle (TeeJet 8002E) has very 
little taper at the edges of the spray pattern (Figure 4) and therefore 
may be a nozzle of choice for banding where nozzle spray patterns do not 
overlap. On the contrary, a tapered flat fan nozzle (XR TeeJet 8003VS) 
has gradually tapering edges and la designed for broadcast spraying where 
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Table 2. Comparison of output of two new nozzles. 

Pressure 
psl 

Vol. (ml)* 
Nozzle 1 

Vol. (ml)* 
Nozzle 2 

15 352.2 347.8 
40 588.2 587.4 
60 724.7 721.2 

•Based upon the average of 5 samples collected for 30 aecood· at each 
pressure setting. 

Larger Nozzle 
LF3 
Ψ 

Smaller Nozzle 
LF2 
4 

8 Ü Mil I u ÜL 
Figure 2. Comparison of nozzle sizes; 

fan on right. LF3 on left, LF2 tapered flat 
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New Nozzle 
I 

Damaged Nozzle 
4 

.Mlwïm ilulML 
Figure 3. Comparison of new versus damaged LF8 tapered flat-fan 

nozrles. 

Nozzle 
4 

uïlïïïl̂ ^ 
Figure A. Spray pattern of an even flat fan nozzle (TeeJet 9002E). 
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spray nozzle patterns overlap. Generally, a 30X overlap Is needed between 
nozzle spray patterns with this type of nozzle in order to provide for 
uniform application (Figure 5). Nozzles are also designed to yield differ-
ent spray pattern angles or widths (i.e. 65«, 80®, 110», etc.). This needs 
to be taken into conalderation when determining proper spray-boom height 
and nozzle spacing. 

Nozzle 1 
i 

Nozzle 2 
4 

1 i i l l l l l l l l l l l l i i , . I I . 
Figure 5. Spray pattern of two tapered flat-fan nozzles (XR TçeJet 

8003VS) with appropriate overlap. 

Boom Height and Nozzle Spacing. 

The uniformity of spray application is greatly affected by boom height 
above the target surface and nozzle spacing. For example, if the nozzles 
(XR TeeJet Ö003VS) are 4? cm above the table surface with a 50.β cm spacing 
as was used to obtain the spray pattern shown in Figure 5, the point of 
overlap between the two nozzles is very uniform. If the boom is lowered to 
32 cm above the table surface, and the same spacing, pressure, and nozzles 
are used, the .spray pattern output may appear as shown in Figure 6. There 
is a decrease in volume of spray applied to the surface at the point of 
overlap between the two nozzles thereby giving the appearance of two hills 
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»Ith · valley between. An abnormal pattern will also be obtained If the 
>oom Is higher above the surface at one end than the other. 

Nozzle 1 Nozzle 2 
I 

ΜΜΪΜΠιϊΙ 
Figure 6. Spray pattern of two tapered flat-fan nozzles (XR TeeJet 

8003VS) with Inadequate overlap. 

Spray Drift. 

Spray droplets which are very small In sise are especially susceptible 
to drltt caused by wind. The spray table was designed to demonstrate this 
phenomena. A two-speed fan is positioned on the right vertical boom sup-
port bar. The effect of wind on spray patterns can be demonstrated by 
closing the left nozzle opening and inserting a hollow cone TXVS-l 
ConeJet in the right nozzle opening. The effect of wind on the spray 

? r \ u a n T l 8 U a l lr b e 8 e e n a s th« «pr«y leaves the nozzle and Is collec-
ted in the glass tubes on the front of the table (Figure 7). The pattern 
d L r L Ï C ° i T ' Ï S " e M f t e d t 0 t h i l e f t 0,: t h e n ° « l e h " « long decreasing tail effect to the left. 

the * i Î ! i M n / P l î ' h û P " e l ° n t h i S P " y t a b l e 1 8 p a l n t e d b l a c k t 0 l n c r e a s e 

, ' ï °Î, t h e S P r a y " U U a v e S t h c « « « I « . This allows one to 
noz^i y r " V e d i f f ? r e n c e l n a P " y patterns of TwinJet nozzles, FloodJet 
ΤΑΛ'λ f e n*i:i, n 0" l e 8' T e e J e t f«n " o „ l M , etc. Such nozzles are 
designed for different uses and It is important that they be used accordingly 
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Nozzle 
Φ 

JillMwlMl 

ππτττΓΠΊ 
- - WIND 

Figure 7. Effect of wind on spray drift. 

Proper spray application can ma*imir,e efficacy and reduce potential phytc 
toxicity, overdosing, environmental contamination and monetary costs. 
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CERTIFIED ORGANIC FOOD PRODUCTION AND THE 
ENVIRONMENT: MEETING THE NEEDS OF A DIVERSIFIED 

INTERNATIONAL MARKETPLACE 

T. B. Harding, Jr. 

AgriSystems International 
125 West Seventh Street 

Ulnd Gap, Pennsylvania 18091 USA 

ABSTRACT 

The "Certified Organic System" Is a production and marketing system 
that requires thought and planning. Planned diversification and good 
management principles can steer production away from monoculture agricul-
ture and a dependence on chemicals potentially hazardous to the environ-
ment. To practice this system the faruer must concentrate on improved 
management and gearing this management to production of a quality product 
for a known market utilizing technique» to maximise production and minimize 
destructive impact on the environment. 

INTRODUCTION 

When I think of the management syiitem required for certified organic 
food production on a commercial scale, I am tempted to cite all the tradi-
tional management advice found in scores of publications today. However, 
the first thoughts that come to mind in when we considered converting my 
wife's family farm in Pennsylvania to tin organic system many years ago. 

Ue all got together and It seems now that we talked for days about 
the subject without any real resolution or final direction. Why? Perhaps 
mostly because there was very little reliable information available back 
then; except from those In the publishing business and frankly, some of the 
family members were doubtful about our possible success. Further, the or-
ganic system would be too labor intensive vs. the traditional synthetic 
chemical and capital intensiveness of the conventional system we had all 
been used toi 

What we apparently never saw or gave little real thought to was the 
"management Intensiveness" of our organic system, if we did It right 
particularly as the transition/conversion started to take shape and the 
economic realities were coming headlong down the furrow at us. 

The "organic system" had to be carefully planned and managed at every 
level, with the discipline and touch of one fine-tuning a violin. 

Most important it would require a personal and business commitment 
and attitude change, as well as a whole new set of farm management prin-
ciples (although they have existed for centuries). Ue had to employ the 
best of what is being called today, "the stewardship management principles." 
In other words, monocultures are least desirable; planned diversification 
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was essential; cover crops, green namire (legumes), some livestock, and 
crop rotation were moat beneficial. Ue had to realize that nature Is our 
partner and not our enemy. Remember that we didn't get In this situation 
overnight; therefore, be patient and do not expect miracles. Most of all, 
give the "whole system" time to start working together for the comon 
cause ! 

It immediately became apparent to us that we must not replace synthe-· 
tic chemicals with "organically acceptable chemicals," mainly because they 
were not readily available and were also usually too costly and, In some 
cases, unproven. Equally important, we must avoid the pitfalls of the 
conventional system as we developed and learned to manage our organic 
system. Therefore, we needed to seek viable alternatives, which were 
usually improved management practices and use common sense, developing an 
appropriate technology for our specific farm management situation. Specif-
ically, we were on our own and the cause of success would be our hard work: 
and good management principles. 

Further, besides the significant, production management changes that 
were being required, we had also remembered that a major problem that we 
and our farm neighbors were having was the sales and marketing of our 
products at the farmgate. Ue faced the difficulties of fair pricing, 
maintaining reasonable profit levels and return-on-lnvestment, and pro-
viding a fair standard of living for our families. Ue had never received 
any fair standard of living for our families. Ue had never received any 
farm subsidies, and continue that practice today. 

What all this meant to us was that the "certified organic system" 
would require us to reconnect ourselves, to the farm and our land and our 
marketplace, through direct hands-on innovative, day-to-day farm manage-
ment, including limited vertical Integration and direct product sales and 
marketing of our new certified organic food products and personal contact 
with our customers the consumers! 

With these thoughts In mind, I want to share with you some of the 
important Issues and considerations that we and others that we have as-
sisted over the years have recognized and learned from our "organic 
system experiences" thay may be of value to you as you plan your farm 
system changes. Above all, remember these are personal choices that we 
are advocating, but I believe that they could become very valuable to all 
farmers if they started to employ these simple management principles in 
their farm enterprises. 

FOOD FOR THOUGHT! 

As farmers seek to reduce off-farm cost, move towards a less energy 
intensive system, and desire a more environmentally and economically viable 
and sustainable food producttlon system at a reasonable profit, they must 
keep these basic, points in mind: 

1. There are no "quick fixes," regardless of who is promising. An 
improved management system holds many of the answers you need. 
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2. Conversion/transition to less (energy-in tensive and less environ-
mentally- intensive systens must be planned, then Managed day-to-day. 

3. Farmers must know their markets and avoid cheap resource-consuming 
markets at the fars^ate. Add value on the farm wherever possible and 
practical. 

4. Farm production systems can be environmentally conscious, resource 
conserving, cost effective, and can utilise stewardship principles. This 
could make the difference. 

Certified Organic Farming Systems are simply production choices that 
are emerging and that employ an innovative style of farming that fully 
integrates appropriate technology with proven ecological principles. 
Wherever possible and economically feasible, they exclude or limit the use 
of the dependency on non-renewable resources for fertilizers, pest control, 
growth regulators, and livestock feed additives. They also advocate a 
responsible and practical management of their on-farm resources with par-
ticular concern for the safe preservation and conservation of their vital 
soil and water resources. 

"QUIC FIXES." There are no "quick fixes." 

1. Farmers are confronted with the need for economically- and 
environmentally-viable alternatives for their food-production systems. 

2. Due to low material prices, fnlllng yields, and higher produc-
tion cost, many farmers are looking for the "quick fix" to solve their 
problems. There are none! 

Perhaps a better choice is to seelc a balanced system, one which fully 
and efficiently utilizes on-farm resources, one that builds and conserves 
vital soil, water and nutrient-producing resources, rather than one that 
depends solely on costly off-farm non-irenewable resources, particularly 
those that place stress on the system and that pose possible soil and 
groundwater contamination problems. 

Conversion Systems Planned. 

Conversion to less energy-intensive and less environmentally-
intensive systems must be planned. 

1. Conversion or transitional farm systems must employ a sound and 
practical farm management plan. Guessing is no longer good enough. 

2. The plan must be appropriately designed for the enterprise. It 
must be based upon its specific production, resources, and market 
capabilities. 

3. Conversion schedule and budget Is essential If success is to be 
realized. It must be carefully implemented with the livelihood of the 
enterprise in mind. 
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A conversion program does not necessarily mean a complete shift to 
an "organic system" all at once, but over time It could represent a sig-
nificant reduction in off-farm intensive chemical inputs, greater crop 
diversification and, in the long term, major cost reductions and a more 
profitable enterprise. 

FARM MARKETING 

Farmers must know their markets and grow for those markets! 

1. Often farmers lose contact with their markets and therefore find 
themselves growing for markets that are over-supplied resulting in low 
prices. 

2. Supporting World food markets with cheap raw commodities through 
costly off-farni Inputs, at the risk of depleting or contaminating our 
vital soli, groundwater, and human resources, makes no economic sense. 

The employment of a sound farm diversification program that is tied 
directly to the farm production base and related market needs offer 
serious economic options. 

Farm Production System Resource Responsible. 

Farm production system can be environmentally conscious, resource con-
serving, and cost effective. 

1. Today it is practical to assume that an agricultural food-production 
system can be environmentally feasible and cost effective, provided the 
proper Incentives are structured with the conservation program policies. 

2. Soil, water, and on-farm resources must be managed within the 
production enterprise, and when poorly managed, the enterprise management 
must be held accountable. 

It Is essential that tomorrow's food production systems employ the best 
on-farm resource management systems that science and appropriate technology 
can deliver. Our vital soil and groundwater resources must be wisely 
managed and protected against depletion, contamination and mismanagement. 

Mew and appropriate research priorities must be established and the 
search for practical resource conserving systems broadened. It must be 
recognized that these might come fron either traditional or non-tradltlonal 
sources and developed through a partnership between the public and private 
sectors. 

A Sound Business Decision Must Also Be A Sound Environmental and 
Resource Conserving Decision. 

As certified organic farmers and farmers In general, we must never 
lose touch with the needs of our marketplace, our environment, our commu-
nity, or our quality of life. 
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Put a Little Touch of Excellence In Your Marketing Program, 

Following are a few additional thoughts for your consideration, rela-
tive to managing and competing In today's diversified and over-supplied 
marketplace and particularly relative to the direct marketing of "certi-
fied organic fooda." 

1. Certified organic foods must be of the highest possible quality, 
employing the best quality-assurance measures at every production atep in 
growing, harvesting, and post-harvest handling. 

2. Certified organic food must come from a consistent: and diversified 
high quality supply. Also, crop and market diversity are excellent Insur-
ance and good bualneaa. 

3. Certified organic food must be carefully and appropriately package 
and attractively presented. Be proud that you grew it, telll a little story 
about the "tender loving care" you gave it, and how and why it waa grown 
organically. 

4. Certified organic food must carry a product guarantee. In other 
words, it should be independently third-party certified, with a complete 
audit trail from growing through distribution. 

5. Certified organic food must be affordable, not cheap at the cost 
of our environmental sustalnablllty, our farm and farm families and 
communities. 

However, It must also be a safe and healthy food system that Is avail-
able to every consumer regardless of location or economic status. And it 
can be, If we price out thla food system on a comparative basis, at every 
level, and consider the many stewardship contributions it makes to mankind, 
nature, and planet earth, too. 

Make Nature Your Farm Partner. 

So I leave you with these final thoughts as you start to build and 
manage your new "certified organic production system." Never lose touch 
with your production system or your marketplace and be proud of being 
a farmer and of the farm products you offer to the marketplace. Respect 
and listen to the land and let nature be your frind and farm partner. 
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ACTION DES AGENTS PHYTOPATHOCEMKS Fusarium solani ET 
Paeudoaonaa solanacearum SDK LES NEMATODES PHYTOPARASITES 

(Heloldogyne Incognita «t Rotylenchulus reniformls) DE 
L*AJJBESCINE EN GUADELOUPE 

A. Kermarrec, G. Jacqua, & A. Anal» 

INRA, Centre de Recherche Agrononlque 
dee Antilles et de la Guyane 
BP 1232, 97185 Pointe-Ï-Pitre 

Guadeloupe, F.W.I. 

ABSTRACT 

Simultaneous occurrence of Fusarium solanl and Pseudomonas solanacearum 
on eggplants roots significantly Inhibits Rotylenchulus renlformla populations. 

RESUME 

La présence simultanée de Fusarium aolani et de Pseudomonas solanacearum 
dans la rhizoaphäre de l'aubergine inhibe fortement 1'implantation du Néma-
tode réniforme Rotylenchulus reniformls. 

INTRODUCTION 

En Guadeloupe, la culture de l'aubergine (Solanum melongena L.) occupe 
un important créneau économique d'exportation et de consommation locale. 
Cette spéculation subit la pression de nombreuses maladies et ravageurs: 
Bactéries, Champignons, Nématodes et Insectes. Ces contraintes biologiques 
s'installent d'autant plus rapidement que les systèmes de production sont 
intensifs et monoculturaux. Parmi les Nématodes les plus fréquents, le 
Nématode 2 galles (Meloldogyne Incognita) et le Nématode réniforme 
(Rotylenchulus reniformls) sollt deux endoparasltes sédentaires pouvant 
nuire à la productivité du plant (Kermarrec & Anais, 1974). Les agents 
phytopathogènes classiques des Solanacées; Fusarium solani et Pseudomonas 
solanacearum sont également importants dans certaines conditions culturales 
(Fournet & Jacqua, 1977; Jacqua & Toriblo, 1978). 

Selon Sitaramalah & Slnha (1984, 1985) et divers autres auteurs, 
l'interaction classiquement décrite entre le Nématode 2 galles et les 
Fusarium, Rhizoctonia, Pythium, Pseudomonas, etc., sur l'aubergine aboutit 
à une augmentation de l'aggressivité de ces agents phytopathogènes par la 
présence du Nématode. Aucune publication récente ne fait mention d'une 
interaction entre le Nématode réniforme et divers agents microbiens 
phytopathogènes autres que les Verticllllum; de même il n'existe pas 
d'observations expérimentales décrivant la réponse d'un système complexe 
"plante hôte-pathogènes-parasites" lorsque le nombre d'inervenants 
simultanés est artificiellement diversifié. 

Une expérimentation combinant Fusarium solani, Pseudomonas solanacearum 
et deux Nématodes phytophages (Meloldogyne incognlta et Rotylenchulus 
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renlformls, en populations mélangées) a Eté mise en place dans le but de 
décrire d'éventuelles Interactions (synergies ou Inhibitions) entre agents 
pathogènes végétaux et animaux. 

MATERIEL AND METHODS 

L'essai a été mis en place en pots, sous serre, sur le Centre de 
Recherches Agronomiques de l'INRA 3 Petit-Bourg (Guadeloupe): latitude 
16»N; altitude 140m; température 22-28®C; température moyenne de 252C; 
humidité relative 85-952, éclalrement naturel et humectations journalières 
du substrat. 

Les Inoculations ont été faites sur des plants d'aubergine de la 
variété Kalenda, hybride tolérant au flétrissement bactérien, âges de 32 
jours. Les inoculums provenaient des terres cultivées de la Guadeloupe: 

F. solani: deux isolate on été utilisés, l'un produisant des 
périthè ces (souche Ρ -f de la Pointe Allègre au Nord Basse-Terre) l'autre 
n'en produisant pas (souche P. de Capeaterre au Sud-Est Basse-Terre). 
Chaque vase de culture (d'environ 1 litre de sol) reçoit 30 ml d'une 
suspension de spores obtenue par broyât dans 1 litre d'eau de 6 cultures 
sur milieux gélosé en boite de Pétri de 20 jours d'ftge. 

P. solanacearum: la souche est fraîchement Isolée de pieds d' 
aubergine en situation de début de flétrissement, sur le Centre de 
Recherches. Chaque vase de culture concerné reçoit 10 ml d'une suspension 
de spores 1 10e sp/ml. 

H. Incognita et K. renlforais sont obtenus en mélange i partir 
d'échantillons de terre prélevés dans la situation culturale précédente. 
Dix ml d'une auspension d'environ 1θ3 stades Infestants de chacun des 
deux genres sont apportés 1 chaque pot. Quelques He1lcotylenchus 
dlhystera accompagnaient cet inoculum mais sont restés au niveau de traces 
dans les analyses finales ( < 2 5 individus pour 100g de sol frais). 

L'essai comporte 24 répétitions de chacun des traitements suivants: 
Néaatodea seul; .Pseudomonas seul; Fusarium seul et les combinaisons 
binaires et ternaires envisageables avec les Nématodes. Toutes les 
Inoculations sont effectuées le même jour. 

Les notations des sympt8mes phytopathologiques apparus sur les parties 
aériennes sont effectuées 30 et 60 jours après l'inoculation. Les analyses 
nématologlques quantifient les paramètres parasltologlques suivants: 
l'indice de galles (notation discrète de 0: nihil 2 5: amas de galles 
coalescnetes), la densité de femelles de M. Incognita et de R. renlformls 
pour 2g de racines fraîches après coloration-fixation au lactophénol-
fushine acide. 

RESULTATS 

Tableau 1: Inoculation de l'aubergine Kalenda par des nématodes, des 
bactériea (Pseudomonas solanacearum) et des champignons (Fusarium solani), 
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seuls ou en combinaisons binaires et ternaires avec les nématodes. Effets 
sur les symptômes (en X plants ft 30 et 60 jours), l'indice de galles et 
les densités d'Infestation finales de nématodes (en femelles sessiles 
pour 2g de racines fraîches). Le lot témoin est resté indemne de tout 
symptôme. Pour chaque paramètre, les chiffres (moyenne et erreur standard) 
suivis d'une m£ae lettre ne sont pas signiflcatlvement différents au seuil 
de 0,01. 

Symtomes 
Traitements ^ q j 6 0 j Indice de Galles Heloldogyne Rotylenchulus 

PS 0 0 m m 

FP+ 0 0 - - -

FP- 0 0 - - -

NEM 0 0 0.78(0.13)a 34.7(9.2)a 21. 1(5.l)a 

Ν EM + PS 12.5 12. 5 0.78(0.13)a 34.4(7.7)a 12. 7(4.l)b 
ΝEM + FP+ 0 0 0.96(0.17)b 36.9(4.6)a 19. 0(8.5)a 
NEM + FP- 0 12. 5 0.96(0.ll)b 36.7(6.6)a 24. 1(10.0)« 

NEM+PS+FP+ 0 0 1.08(0.12)c 35.0(6.4)a 1. 6(0.9)c 
NEM+PS+FP- 4.2 29. 2 0.87(0.07)abc 26.7(3.9)b 4. 7(1.2)c 

PS: Pseudomonas; PP+s Fusarium ft pérlthèces; FP~: Fusarium sans 
pérlthècea; ΝEM: Nématodes. 

1. Aspects phytopathologlquea: le Tableau l présente la fréquence (en Ζ 
des plants) des symptômes apparus ft 30 et 60 Jours sur les parties 
aériennes des plante d'aubergines. 

2. Aspects nématologiques: 1'Importante variabilité classiquement 
rencontrée dans les résultats chiffrés en Nématologle rend nécessaire 
une approche non-paramétrique des données. Le test de U de MANN & 
UHITHNEY permet la comparaison deux ft deux des 6 traitements (ft 24 répé-
titions) considérés comme indépendants. Les résultats sont présentés 
dans le Tableau 1: distribution de l'indice de galle moyen et distri-
butions des densités moyennes des femelles sessiles attachées aux 
tissus racinairee. 

DISCUSSION 

La réponse des 24 répétitions inoculées avec un seul agent microbien 
montre que les seuils phytopathologiques ne sont pas atteints dans ces 
conditions expérimentales. L'addition de Nématodes ® l'inoculation de 
l'agent du flétrlssement bactérien ne déclenche cette maladie qeu sur 
quelques plants et ce, dans le premier mois d'expérimentation. L'appari-
tion de symptômes est assez tardive. L'adjonction de Fusarium (FP-) à 
la combinaison précédente entraine le maximum de dégâts, avec une 
progression régulière dans le temps de 4 ft 29 pour cent sur deux mois. 
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Cet effet synergique, lié i la présence de Nématodes phytopages, été 
classiquenent décrit chez les Solanacées. 

L'analyse nématologlque net en évidence un Indice de galles moyen 
relativement faible sur l'ensemble de l'esaai. Ceci est dQ i un Inoculum 
peu dense. Il apparaît toutefois une augmentation significative de l'indice 
de galles de Meloldogyne (mais pas de la densité en femelles) sur les 
r a c i n e s d e L'aubergine en présence du Fusarium induisant des pérlthèces, et 
encore plus nettement dans la combinaison ternaire faisant Intervenir la 
bactérie. 

Par contre, l'analyse des données expérimentales de Rotylenchulus 
renlformls souligne un effet dépresseur des combinaisons binaires ou 
ternaires pathogènes-Nématodes sur l'implantation de cette espèce dans les 
racines. Il apparaît un effet inhibiteur très net de la Bactérie (signi-
ficatif i Ρ 0.07) et surtout des associations bactirle-champignons (à 
Ρ 0.001) sur le nombre de Nématodes réniformes adultes dénombrables sur 
les racines deux mois après l'Inoculation. 

L'hypothèse d'une compétition pour les altes trophiques de la racine 
entre les deux Nématodes aux biologies assez semblables peut être émise. 
Celle-ci aurait ici pour conséquence l'élimination de Rotylenchulus par 
Meloldogyne. Toutefois, selon Khelr & Osean (1977), le genre Meloldogyne 
pénètre les tissus plus rapidement (ce que confirment Taha & Kassab, 1980) 
et de préférence dans la zone distale d'extension de la radicelle, alors 
que Rotylenchulus s'installera plutfit au niveau des tissus plus âges situés 
en arrière des précédents. Les Nématodes réniformes ne seraient ainsi, 
selon les auteurs cités, pas gênés par la présence simultanée du Nématode 
i galle. L'effet Inverse est, par contre, possiblei si l'infestatlon par 
le Nématode réniforme précède celle du Nématode i galle sur la tomate alors 
le développement de ce dernier peut être Inhibé. Dans la présente expéri-
mentation, une analyse des régressions entre populatlona dea deux genres 
tend 3 montrer que si on ne peut totalement éliminer l'hypothèse d'une 
interaction faible entre ces Nématodes, il parait certain que les effets 
propres aux combinaisons binaires et ternaires pathogènes-nématodes 
apparaissent bien plus Importants. 

La préseqce de Pseudomonas solanacearum Inhibe donc l'installation 
du Nématode réniforme dans les racines d'aubergine. Ce phénomène se trouve 
être fortement amplifié par la présence de Fusarium. 

Plus généralement, l'analyse de la littérature récente (10 années) 
met un évidence plus de 50 articles soulignant la synergie entre pathogènes 
et Nématodes (11 espèces de Nématodes concernés, 18 cas de bactérioses et 
23 de mycoses) contre seulement une vingtaine signalant une Inhibition du 
Nématode (5 espaces phytophages concernées) par un agent microbien. Cette 
dernière rubrique se compose de 5Z de vlroses, 25X de mycorhlzes et 60Z 
de mycoses pathogènes. Parmi ces dernières, F\ oxysporum prime, suivi de 
Rhizoctonia et de Pythlum. En ce qui concerne les Bactéries antagonistes 
(moins de 10Z des publications sur ce thème), Kornyussehenko & Klprianova 
(1972) soulignent que Ditylenchus destructor et Aphelencholdes asterocauda-
tus peuvent être affectés par Pseudomonas et Bacillus. La genre Pseudomonas 
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contiendrait, selon ces auteurs, près de 30% d'espèces antagonistes contre 
seulement 8% chez Bacillus. Parmi ces espèces, aeruginosa, I>. aureo-
faclens et jodlnum produisent des facteurs répulsifs vis-à-vis des 
helminthes. Des expérimentations récentes (Sikora, 1988; Oostendorp 
& Sikora, 1989; Kermarrec & al., 1989) ont souligné l'intérêt phyto-
sanitaire de telles recherches sur les processus nématostatiques induits 
par des bactéries communes de la rhizosphira ou nSme endoparasites mais 
avirulentes. 

Dans ce contexte, le modèle d'inhibition déclenché par différentes 
souches antillaises (ou modifiées) de Pseudomonas solanacearum et les 
Nématodes endoparasites du type Meloigogyne sont en cours d'étude sur la 
t o M te. 
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INSECTICIDE ROTENONE USING CELL CULTURE 
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ABSTRACT 

Detection and quantification of rotenone in the different organs of 
the plant Pachyrhlzus erosus (1) Urban, waa achieved by High Pressure 
Liquid Chromatography (HPLC) using a reverse-phase column. The seeds 
were found to contain 0.15X rotenone on a dry weight basis, while the 
tubers, leaves, and the pod shells contained negligible amounts. In 
attempting to induce high rotenone production in vitro, leaf discs and 
cotyledon sections of erosus were used as expiant and these placed on 
a supplement Murashlge and Skoog medium. Cultures are being grown under 
varying conditions of light requirement, sugar source, and hormone require-
ment in order to determine the optimum condition· for rotenone production. 

INTRODUCTION 

The high residual levels of pesticldea found in our food and drinking 
water present severe problems. It Is necessary to reduce the amount of 
chemicals used, but It is also worthwhile to look at a non-persistent 
insecticide such as rotenone. 

Rotenone is a naturally occurring substance, which for centuries was 
used as a fish poison. In recent year· it has been found to be an effec-
tive insecticide aa well. The traditional method of obtaining thi· 
compound was to extract It from field-grown plants. This la an expensive 
method which makes rotenone uncompetitive with synthetic insecticides. 

Two alternative· to producing rotenone are chemical syntehsis and 
production of rotenone via cell culture. In the first caae Jackson (1983) 
synthesized rotenone, but with great difficulty and only in small amounts. 
It is the second method which will be attempted here. 

In attempting to produce rotenone using cell culture the following 
waa required: 

- select an available plant which is known to produce rotenone. 

- analyze the different organ· of the plant to quantify the amount 
of rotenone present in each. 

- determine the medium composition which will stimulate rotenone 
production In cell culture. 

- attempt to maximize rotenone production by ualng precursors 
in the medium. 
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MATERIALS AND METHODS 

The concentration of rotenone In the different organ· of Pachyrhlzus 
eirosus was determined. This was done by drying, grinding, extracting 
with acetone, and partitioning between petroleum-ether and methanol-water. 
The methanol-water was further partitioned to obtain a chloroform extract, 
which was then analyzed using High Pressure Liquid Chromatography (HPLC). 
Separation of the components of the chloroform fraction was achieved 
with the HPLC using a methanol-water (58:42) solvent, at 2 ml/min, and 
using a wavelength of 2B0nm. Quantification of the rotenone content 
was determined using a standard solution of pure rotenone. 

Tissue culture experiments were set up using different media composi-
tions. All expiants were placed on supplemented Murasblga and Skoog media 
with tha following variations: 

- Sugar source ι glucose 
sucrose 
fructose 

- Type of auxin t 2,4-D 
NAA 
1AA 

- Plant tissue used as expiant: leaf 
cotyledon 

- Light requirement: 

callus grown In dark 
callus grown In 16 hr llght/β hr dark regime 
callus Initiated In the dark then placed In 16 hr 

light/8 hr dark regime 

This initial study is aimed at determining the optimal conditions for 
high rotenone production In cell culture. 

The resulting calll then dried and extracted as was done with the 
plant organs, and the rotenone content of each callus found using 
HPLC. 

RESULTS AND DISCUSSION 

As shown in table I the rotenone concentrations in the plant organs 
are low compared to those reported by Duke (1981). Because no reference 
was given, the methods used in determination of these values are not 
known. However, Schroeder (1968) stated the concentration of rotenone 
usually ranged from 0.12 to 0.43 per cent of the seed, and the value 
determined here is in agreement with his findings. 
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Table 1. Comparison of rotenone concentration of the different organs 
of P̂ . erosus as reported by Duke (1981) and that evaluated 
In this study. 

Organ 
X Rotenone on dry wt basis 

Organ Reported Evaluated 

Seed 0.66 0.15 
Leaf 0.11 0 
Pod Shell 0.02 0 
Tuber 0 0 
Stem 0.03 (not yet determined) 

The calll from the cell culture experiment are still being analyzed. 
However, the presence of rooting in some of the calll la an indication of 
organogenesis. It is promising since the literature indicates that diffe-
rentiation usually Implies the production of secondary metabolites. 
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ABSTRACT 

This paper seek· to outline a data analyale aystem for the Far· and Home 
Management Record Book which waa developed to asalat farmer· in the region. 
The system is computerized since relatively rapid feed back la necessary 
in order that farmers may utilize the reaulta of the analysis In far· and 
home planning and management. The system haa been developed using Lotus 123. 
Templates with formulae have been set up so that once tha basic information 
on expenses and Income la put into the relevant columna, there Is an auto-
matic calculation of the income and expenses for each enterprise. In addi-
tion, there is an automatic calculation of the farm's overall income 
statement. A similar template has been developed to compute a cash flow 
statement for farmers. A set of data bases has been created at UNI using 
dBase3 with the expectation of collecting information from each country for 
comparative analysis. It is essential to note that this system, while quite 
advanced, is still In the development stage and as it is used, it Is expected 
that suggestions and comments will be submitted to further improve the system. 

INTRODUCTION 

Uith respect of the agricultural sectors in the Eastern Caribbean, there 
are some basic facts that must be faced and accepted. These are that in each 
country agriculture Is a major source of employment and income, a major 
source of foreign exchange and a source of food for the population. This 
situation will resuiln the same in the foreseeable future. If the sector is 
carefully directed, it can contribute even more significantly to the improve-
ment of living conditions in the region and the foatering of that independence 
of spirit which is essential for true development. 

Close examination of the agricultural situation, however, reveals many 
disturbing characteristics which deserve the attention of our professionals. 
These includes 

- Heavy reliance on a few traditional commodities for export; 

- Low productivity of most crops in absolute terms compared to com-
mercial producers in other countries, the best producers in the 
region and on-going supervised field trials; 

- Availability of land and land quality are limiting factors; 
and 
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- Harket instability and Insecurity continue to be a major constraint 
to agricultural development. 

There are also other dimenaiona to the problema of the agricultural 
aector. Traditionally, with a few notable exceptions, agricultural produc-
tion activity la conaldered an occupation of laat resort resulting in human 
reaourcea with the least amount of training entering the sector. In addi-
tion, the Minlatrlea of Agriculture in the region are organised in such a 
way that the-people with the ieaat training are the frontline Extenaion 
officera; aa more training la acquired, the·· officers are promoted into 
higher poaltiona where they may become leas accessible to the farmera. 
The entire altuatlon la a result of the underlying social belief that agri-
cultural production ia not really for the educated alite. 

However, there are some encouraging algna. Firatly, in spite of the 
above-mentioned factors, in the Caribbean, we have a long history of food 
production. Currently our researchers are working on the development of 
appropriate technological packagea to address the problem of low relative 
productivity. In addition, a considerable amount of research ia in process 
for non-traditional import aubstitutlon, although much atlll remains to be 
done In terms of on fans testing and the transference of information and 
akilla to the farmer. In anticipation of the changea in world agricultural 
•uirkets which may occur after the unification of Europe in 1992, there is 
currently a dlveraification drive in the eastern Caribbean. Reaearch ia 
being conducted into a range of cropa aimed at dlveraification of the agri-
cultural aector of the region. In the Leewards, emphasis is being placed 
on fruits and vegetablea for the tourlat trade, aome livestock (sheep and 
goats) ralaed on native foragea, selected traditional cropa and non-
traditional exporta. In the Ulndwarda, emphasis is on a wider range of 
food crops for the domestic market, both for local conaumptlon and tourlam, 
traditional exports and In particular non-traditional exporta, with small 
ruminant liveatock production Integrated within the crop production. 

Thus, while the situation in the agricultural aector needs to improve, 
there are already some measures in place at the policy and impleawntation 
levels to advance the development of the aector. 

THE CONTRIBUTION OF THE UNIVERSITY OF THE WEST INDIES 

The academics of the University of the West Indies (UWI), Faculty of 
Agriculture, are very much aware of the needa of the agriculture sectors 
of the Eastern Caribbean and continue to assist where possible in the devel-
opment and diversification effort. A more visible example of this is the 
Agricultural Research and Extension Project (AREP) funded by the United 
States Agency for International Development. This project is jointly run 
by the Caribbean Research and Development Institute and the UWI, Faculty 
of Agriculture - Department of Agricultural Extension. This is one of the 
initiatives which can address some of the problems discussed above. In 
particular, one component of the project is the improvement of the national 
and private Extension Services of the Ministries of Agriculture In the 
region. One of the methodologies chosen is the Farm and Home Management 

99 



Methodology which had been Introduced In a preceding proJect--the Carib-
bean Extension Research Project (CAEP). 

As stated In the AREP project document, 

"...the UUI staff will continue to work with the Ministries of 
Agriculture Extension Staff to Institutionalise the farm and 
home management approach, and to analyze farm enterprises with 
emphasis on record-keeping and decision making techniques." 

In order to achieve the above, the Outreach Lecturers are the Farm and 
Home Management Staff of UUI, Agricultural Extension Department visit 
the. countries of the Eastern Caribbean regularly to train Extension 
officers In Farm and Home Management Techniques, to sensitize them to 
the importance of the home In planning and management of the far·, and to 
monitor the progress of the programme. 

Extension officers and farmers are also trained In the use of the 
Far· and Hoae Management Business Record Book developed by the officials 
of the Far· and Home Management Unit of the UUI. This allows farmers to 
gradually become accustomed to keeping far· records. The book allows for 
the inputting of records on far· and hone Inventory, fare planning and ac-
tivities, expenses and incoae, household expenditure as well as closing 
far· and hone Inventory. Each set of records is in a separate section so 
that a farmer may keep only the incoae and expenses record If he wishes 
or any coabination of records which fits his needs. Of course, ideally 
all. the records should be kept. 

Records alone have no real value. The value is In what the records 
tell about the situation of the fara and hoae system. Thus a computerized 
data analysis has been developed. This phase of the project has been 
funded by the Canadian International Agency (CIDA), through Keaptvllle 
College of Agricultural Technology, A college of the Ontario Ministry of 
Agriculture and Food. This systea was computerised since this would reduce 
the time lag between data acquisition, analysis and dissemination of 
results. 

THE DATA ANALYSIS SYSTEM 

The basic objective of this systea is to provide faraers with informa-
tion which would enable thea to isq>rove their declslon-aaking. This will 
be accomplished in three ways: 

- Individual reports will sunsarize each farm operation. 

- Enterprise summaries will be prepared based on all data available; 
these will enable farmers to compare their operations with others. 

- The interaction of extension officers and farmers will be enhanced 
by their working on record keeping and projections. 
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The objective will be achieved through the reporta and sumaarlea which will 
be available to faraera Cor deciaion-making. A central databaaa haa been 
established at UUI for analysis of the far· records, preparation of aua~ 
•arles and generation of reporta. Extension officers will also be involved 
in sunaarizing the Individual Far· and Home Management Record Rooks either 
manually or on the computer. Information which haa been recorded on con-
puter will be summarised and aent to UUI on a diskette to avoid double 
entry of data. Extenalon officera may alao aummarlza the data contained 
In the farmer'a Farm and Home Management Buaineas Record Book by using 
forms provided by UUI. The Extension officer may than enter theae data 
directly on LOTUS, as described above, or may simply aend the summary 
forma to UUI foi data entry. 

Centralised computer analysis and reports will focus on the Farm 
Inventory and the Farm Income and Expanses Record sections of th· Far· 
and Ho·· Management Book. 

BENEFITS TO AGRICULTURE AND AGRICULTURAL PLANNING 

The computerised analysis of Ifara data gives the Ministries of Agri-
culture In the region the opportunity to provide far· reports on a time 11 y 
baais to aaslat farmers in decision-making. Extension officers will aluo 
use these reports aa the baais for making appropriate recoMendations to 
faraers. 

A core of faraera keeping the»· records over tie* could benefit agri-
cultural planning in several wayai 

* More accurate cost of production flguraa could be obtained for 
the eatabllahaent of price nupport scheme·, credit programaaa 
and other forma of aubsldlen. Incoae and expenae.flgurea of aajor 
individual enterprises could be obtained from several faraera 
over a number of year·. 

* Agronomic response· to new technologies introduced by research 
and extension could be adequately aonltored through information 
on average yielda, reduction in loaaes, etc., when compared to 
traditional practicea. Thin could aerve as a guide for further 
research. 

* A database could be gradually developed to complement national 
agricultural censuses and other national surveys which are conduc-
ted about every 10 years. Information such as production trends, 
labour use, commodity trends, asset profiles, etc., could be 
derived from these records. 

* Information on quantities and time of harvesting of commodities 
can be used to develop marketing systems. This could be obtained 
from the planning schedules. 

* The system could provide a basis for determining comparative 
advantage for varioua commodities among CARICOM countries, since 
all will be using atandardiaed recording and analyai· format·. 

101 



* The record keeping booka and analysis reports could be institu-
tionalized as prerequisites for loans anong agricultural lending 
agencies In the region. 

Thus the introduction of both the Farn and Hone Business Record Book 
and the conputerized data analysis systen can provide benefits to 
farmers, Extension officers as well as assist the planners in the region 
In policy planning for agricultural development. 

CONCLUSION 

This data analysis systen represents a major step in the UWI's con-
tribution to the development effort in the region. In the attempt to 
promote the systen to Extension officers and Ministry personnel, two 
training courses have already been held in Donlnlca and Ahtlgua. Addi-
tional training will be carried out as necessary. The officials of the 
UUI, Agricultural Extension Department look forward to the assistance of 
the Ministries of Agriculture in the region In the use and development 
of this systen. 
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INTRODUCTION 

Recently at an in-service training course for the Ulndward Islands' 
Extension officers in Dominica, June 1991, the officers were asked to 
identify the extension system in which they worked back in their respective 
countries. Those identified Included: 

- The Traditional Approach 
- The Training and Visit Method (Τ & V) 
- The Saturated Approach (Presently being used by CARDATS) 
- The Farm and Home Management Approach 
- The Task Force Approach (used for a specific commodity, example 

In Montserrat) 
- The Research and Development Approach (used by the French 

Mission) 
- The Integrated Approach (eg. Integrated Rural Development 

Programme - IRDP) 

It was felt that in any one country more than one of the identified systems 
were being used and that there were most likely others that are not Identi-
fied in this list. 

In discussing each method It was recognised that they all consist 
of the basic steps of the traditional method, that Is: 

a. Farm needs assessments 
b. Programme planning 
c. Programme implementation 
d. Reporting and consultation with supervisor 
e. Evaluation 
f. Programme adjustments 

However, emphasis, concentration of resources and points of linkages 
vary, thus making each one different and carrying its own trade mark. 
In order to determine which is the most appropriate method one has to 
examine the specific situation and the organisational structure within 
which the methodology is to be implemented. 
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THE FARM AND HOME MANAGEMENT APPROACH 

The Farm and Home Management concept began with researchers from North 
America who were concerned with why some farms consistently performed 
Ibetter than others. As a result, they began atudylng how better farms were 
organized and operated. Thia concept haa since been developed and can be 
conaldered aa one of the newest paradigme in Caribbean Extension. 

The five phases of the Farm and Home Management Approach (Descriptive, 
Analytical, Planning, Implementation, Evaluation and Reporting) are sim-
ilar to those of the traditional and other Extension Approaches. However, 
many Important differences are evident. For example, the Farm and Home 
Management Approach refutes the belief that some farmera are laggards 
and others innovatora. Inatead the Farm and Home Management Approach 
believes that while other research/extension systems may bring the technol-
ogy close to the farmer, unless the f&rmer is versed in the management of 
investment and credit uae, it Is unlikely that the farmer would be able to 
make use of the technology. FAHM, therefore, places great emphasis on 
dealing with management as a necessary precursor to any "technology 
tranafer" programme. 

To do this a muitldisciplinary approach is used to strengthen the 
Research-Extenaion linkage. The conatant economic appraisal of Farm and 
Home Management enablea the Identification of important problema associa-
ted with the farm bualneas. These are then paasad by axtenaion directly 
to reaearch. 

FAHM also links extension with socio-economic research as it deals 
with economic and social issues associated with the farm business, includ-
ing those related to the farm household. This approach is lncreaalngly 
being widened to encompass studies of the home and its inter-relationship 
to the farm. Hence, the approach la referred to aa Farm and Home 
Management. 

As mentioned before, there are five phases In the Farm and Home 
Management Approach. 

Phase 1. The Descriptive Phase. 

One of the aims in the FAHM Approach is to formulate a F&HM Work 
Programme that is best suited to each Individual state In the Caribbean 
Region. As a result, in the first step of the first phase of F&HM is to 
get an understanding of the farming syatems of the specific target area. 
Some type of survey or needs assessment: is therefore required. 

Hence, Phase 1 or the Descriptive Phase is divided into two steps: 

Step (1) involves a Situational Analysis which is used by the Exten-
sion Worker to understand his/her constituency. Data are col-
lected for the Physical, Social, and Agricultural Environment. 
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Step (2) focuses on the clientele end Is known as a Needs Assessment. 
Under the Farm and Home Management Approach the Rapid Rural Ap-
praisal information gathering technique or Sondeo is recommended. 
It Is a multldisclpllnary method and can be conducted at the 
start of every programme cycle, it allows for the identifica-
tion of constraints and opportunities from which recommenda-
tions both for extension and research are made. 

Phase 2. Analysis. 

Phase 2 involves both the socio-economic analysis of identified 
technologies and selection of target farmers. 

First, data are used to characterize farming systems and to also 
Identify constraints and opportunities for extension and research to 
develop their work programmes. The Farm and Home Management Approach 
stresses the importance for extension and research to remain a team and It: 
therefore encourages researchers to he involved In the analysis of the 
data. 

To ensure that programmes developed using this approach will reflect 
farmers needs, faraers are also consulted in the socio-economic analysis, 

The second step of this phase in the selection by extension of target 
farmers who will be the focus of activities. Extension will be expected 
to work with these farmers in two ways to bring about an Improvement in 
their Farm and Home Management: 

- Training of the farmers in F4WM. 
- Identification of problems and solutions to enable the farmers 

to achieve the goals of their households. 

Phase 3. Planning. 

This is the Planning or Programme Development Phase. Host other 
approaches do not take into consideration farm family goals and the 
resources available to achieve these goals. Profit maximization, usually 
perceived as being achieved through increase in production levels, is 
deemed most relevant; as such, other farm family concerns are ignored. 
The Farm and Home Management Planning Phase is geared towards overcoming 
this weakness. 

Farm and Home Management planning provides a tool for extensionists 
to help famr families describe their goals cleerly, prioritize them and 
then develop a plan with them to achieve these goals. It is in the 
development of this plan that technology utilization becomes Important. 

At this stage, the Farm and Hone Management Methodology stresses the 
Importance of record keeping and where Record Books are used. The Exten-
sion Worker in planning with the farmer develops crop/livestock production 
schedules, costing the proposed activities. Home planning and costing are 
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also done. The cost/revenue for the Home and Far· can then be used to 
develop projected cash flow for the farm family. 

In this approach, the farm situation may be viewed as an Extnesion 
Research Laboratory providing feedback on the usefulness of technological 
packages under different farm conditions. As a result, modified 'tech 
packs' with the Inclusion of indigenous knowledge systems are developed. 

The plana therefore should involve measures that are necessary to 
bring about the solution of problems and the achievement of family goals. 

Phase 4. Implementation. 

In this phase Extension createa learning situations for farmers 
through: 

- Workshops 
- Farm visits (one to one) 
- Demonstratlona (methods) 
- Field tours 
- Farmer exchange 
- Others 

Farmers are taught how to uae the farm and home record book. The 
recording of information la a major aspect of the FAHM Programme. It also 
puts at the disposal of extenalon a large atore of data which can be used 
as the basis of socioeconomic analyals. To date, a record book has been 
published for use by participating farmers. This record book has been 
designed to plan and record both farm and home activities. A computer 
analysis system has also been developed to analyse the record books. 

Farm management skills are developed at periodic meetings and/or 
periodic analysis of data. The main objective in thla phase is to ensure 
that the farmer's effort succeeds. 

Phase 5. Evaluation. 

This laat phase in the F&HM has three steps, one deals with monitoring 
the farmers adoptive effort, the other with periodic evaluation and the 
third with feedback and reporting. 

Extension monitors the performance of the farm families in carrying 
out their plans for farm and home activities. Several constraints both 
in the farm and the home may crop up which may limit the achievement of 
goals. These problems will have to be dealt with and overcome. Where 
these problems stem from family conflicts, Extension may become involved 
In a wider range of social Issues than in typically the case in the Carib-
bean at present. 

The farmer Is al so taught to analyze his business record book with 
the help of Extensionists, Agricultural F.conomists or Farm Management 
Specialists. The results of the analysis are used in the next year's 
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farmer planning schedule and as a means of validating the technology used 
by the farmer. 

Evaluation will highlight weaknesses and strengthens, making sug-
gestions for changes in the Calendar of Activities for the next production 
season. 

These five phases may require a reorganization of the Extension Serv-
ice to allow at least some of the Extension staff to dedicate their efforts 
to this 'new* approach. Another requirement is the training of extension 
officers in F&HM, especially in the area of home management and record 
keeping. 

A third requirement is the establishment of close rapport and trust 
between the target farm population and Extension. This is necessary for 
the farm population to have the confidence to divulge information, for the 
successful formulation and implementation of plans for far· and hoae 
activities. 

SUMMARY 

To sum up, F&HM brings about a change In the approach to the "tech-
nology transfer" process in that it promotes a greater role/involvement 
for the farmer and the strengthening of the research-extenaion linkage. 
The Approach also sees an expanded irole for Extension In the areas of 
enlightenment and empowerment of farmers. Extension would awaken farm 
families to the opportunities that exist In their traditional systems 
and In systems being generated by the results of research and development 
activities worldwide. Extension would also be Involved In education and 
training of farmers in management aed rational resource use so that 
farmers can use their resources, or acquire more, to be able to utilize 
the best combinations of opportunities to achieve their Individual goals. 
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DIAGNOSTIC SUIVIT III BANANA PLANTATION 

M. Do re I 

IRFA-CIRAD Meuchateau 
97130 Capesterre Belle-Eau 

INTRODUCTION 

The main objective of diagnostic surveys Is to determine the Influence 
of ecological conditions (soil, climate), cropping systems, and technical 
practices on crop yield potentiala.. In classical experimentation, the 
effect of one or more factors on crop yJLeld Is studied: the variability 
is experimentally created. In diagnostic surveys, variability of culti-
vated plots In true situations is used, and cost and duration are consid-
erably reduced relative to multilocal experimentation. Figure 1 presents 
schematically the various steps followed! In dlagnoatlc surveys. Collecting 
data involves choosing plants at flowering stage and generally Includes 
soli/plant testing, measurement of plant criteria related to crop yields 
and a general agronomic appraisal (water and mineral nutrition, parasitism, 
root profiles). 

In banana cropping systems, dlagnoatlc surveys have been carried out so 
far in situations of unsatisfactory yield levels and resulted in the iden-
tification, hiérarchisation, and localization of factors limiting crop 
potential (Delvaux et al., 1986 and 1990; Dorel and Perrler, 1990). 

These diagnostic surveys show that unsatisfactory yield levels have 
two major origins: 1) obvious agronomic errors without long-term consequen-
ces on soil fertility; and 2) soil degradation. In the first case, yield 
potential of the soil Is not affected and fertility la easily restored 
through adequate management practices such aa fertilization, irrigation, 
and soil tillage. In the second case, yield potential of the aoil is affec-
ted (uncontrolable soli parasitism, debit balance of organic matter coupled 
with heavy compaction, etc.) and fertility restoration requires a modifica-
tion of the cropping system. 

MAIN RESULTS OF DIAGNOSTIC-SURVEY IN GUADELOUPE 

Girth of pseudostem is chosen as the Indicator of yield crop potential. 
To Identify and hierarchlzate factors having an effect upon this indicator, 
standard multivariate analysis Is achieved. Results of this analysis are 
not submitted here because multiplicity of interactions make interpretation 
very difficult. Segmentation analysis, a'ble to take these Interactions 
into account, allow more obvious explanations. Through this method, factors 
having an effect upon girth of pseudostem (Table 1) are hierarchlzate as 
follows (Figure 2). 

1) Ecological conditions (Figure 3).. 

High yield potential In andosol and brown andic soil (annual rainfall 
(2500-3500 mm). 
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Figure 1. Various steps followed in diagnostic survey. 

1) Preparation/Establishing of Surrey Sample 

Opinion· (farmer·, research and development officers) 

2) Data Collection 

Maximal characterisation of each plot (soil, agronomy, management prac-
tices, history) 

3) Data Analysis and Treatment 

Range of variation, binary relationships, multivariate analysis 

Interpretation, conclusions 

Recommendations, identification of further research 

109 



Table 1. Factors having an effect on girth of pseudo-stem. 

Ecological zones: 

la: Brown halloysltlc soil. Annual rainfall 2000-2500 mm. 
lb: Ferralitic soil. Annual rainfall 2000-2500mm. 
2a: Brown andlc soil and andosol of windward coast. Annual rainfall 

2500-3500mm. 
2b: Brown andlc soil and andosol of leeward coast. Annual rainfall 

2500-3500mm. 
3a: Perhydrated andosol of windward coaut. Annual rainfall >3500mm. 
3b: Perhydrated andosol of leeward coasK. Annual rainfall > 3500mm. 

Conn necrosis 
1: absent 
2: low 
3: medium 
4: high 

Root necrosis 
1: absent 
2: low 
3: medium 
4: high 

Cationic Exchange Capacity Nematlcide 
1: 3-5.5 meq 1: 1 organo-phosphorus/year 
2: 5.5-8 meq 2: 0 application 
3: 8-10.5meq 3: 2 organo-phosphorus/year 
4: 10.5-13meq 4: 3 carbama te/year 
5: 13-15.5meq 5: 3 organo-phosphorus/year 
6: 15.5-18meq 6: 3 mixed application 

Drainage 
It poor 
2: medium 
3: good 

Preceding crop 
1t banana 
2: forest 
3: fallow 

Low yield potential 

In perhydrated andosol (annual rainfall >3500 mm) 
In brown halloysltlc and ferralltic soils (annual rainfall 
2000-2500 mm) 

2) In high yield potential ecological conditions, variations of yield 
potential are clearly related to chemical fertility of the soll (CEC; Ca, 
Mg, Ρ amounts). Variations of chemical properties of the soil depends on 
two factors: 

Components of clay fraction. (Presence of 2:1 lattice clay and 
abaence of glbbsite are related to high CEC and high amounts of 
Ca, Mg, and Ρ). 
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Cultural practices. All practices leading to a reduction of 
depth of the humus-bearing layer cause degradation of soil chem-
ical properties (tillage of steep slopes, mechanized land-
clearing) . 

In low-yield-potential ecological conditions, yield potential depends 
on the severity of rhizome and roots lesions. This factor also arises In 
high potential ecological conditions if soli CEC Is low. Severity of 
lesions on roots and rhizomes is analyzed by segmentation method 
(Figs. 4 and 5). In andosol and brown andlc soil of leeward coast, le-
sions are almost absent. In these zones »oil-borne pathogens pressure is 
very weak. In other soils, soil-borne pathogen-pressure,responsible for 
banana root and rhizome injury, is very high. These pathogens are nema-
todes (Radopholus similis mainly) and a fungus (Cylindrocladium) recently 
identified in Martinique and Guadeloupe. Both the fungus and Radopholus 
similis contributed to roots and rhizome lesions but the following factors 
reduce the severity of damages: good drainage; application of carbamate 
3 times/year; and planting after fallow or forest. 

The fertility of the soil (chemical, physical and biological properties 
of soil) varies in each zone of the Guadeloupean banana plantation and ex-
plains for the most part crop potential variations. Technical practices 
have to take these various conditions into account to Improve productivity 
and profitability of banana-cropping systems. Following the diagnostic 
survey, adjustment of technical practices is proposed for each ecological 
zone. 

Adjustment of Technical Practices in Each Ecological Zone. 

Andosol and brown andlc soil (annual rainfall 2500-3500mm). In this 
zone, leeward and windward coasts have to be distinguished: leeward-coaat 
soils present good physical and chemical characteristics and low soil-borne, 
pathogen pressure while windward-coast soils present good physical charac-
teristics but heavy soil-borne pathogen pressure. 

In the first situation, constraints on roots are less and allow the 
maintenance of permanent plantations. This cropping system Is the best 
guarantee against soil fertility degradation caused by tillage under favor-
able conditions (erosion, compaction). Nematlclde application can be reduced 
(one application each year is enough to control nematodes populations). 

In the latter situation, main objectives of technical practices are to 
reduce parasitic pressure on roots snd to maintain (or restore) physicsl 
and chemical soli characteristics. Preservation of former characteristics 
involves reduced planting frequency which is generally achieved on an exces-
sively wet soil (compaction) and leaves bare soil during rainy season 
(erosion). Planting of disease-free plants (tissue culture plants) on a 
pathogen-free soil (fallow, crop rotation) permits the increased yield and 
longevity of the plantation and reduces the frequency of nematlclde 
applications. 
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Perhydrated Andosol (annual rainfall>3500mm). Rainfall In excess 
limits crop potential (excess water In soil, heavy cloud cover, leaching 
of fertilizers and pesticides). 

Because of slopes and rainfall, mechanization is not possible and per-
manent plantations are the only suitable system. Shallow surface drains 
are necessary to remove surface water during periods of high rainfall. 
Hedges around cultlved plots should be planted to protect from the wind. 

Brown halloysltlc and ferralltlc soil (annual rainfall 2000-2500mm. 
Constraints on roots (compacted soil, parasitic pressure) don't allow high 
yield in monocultural cropping system. Nevertheless high yield can be 
reached through cropping sequences (fallow/rotation) which lead to reduc-
tion of soil-borne-pathogen pressure and improvement of soil structure. 

FURTHER RESEARCH 

Although very Important constraints have been noted, particularly In 
clayey soils (physical and parasitical soil constraints, water deficiency), 
effects of tillage, Irrigation or nematlclde application don't appear as 
obvious. In fact, techniques used at present time by farmers are unable 
to control these constraints. Research needed to perfect new techniques 
are: 

1) Soli-borne pathogen control: Study of hew cropping system founded 
upon control of pathogens through cropping sequences. 

2) Improvement of soil structure: study of physical soli properties; 
tillage experimentation; appraisal of effects of cropping system 
and cultural practices on structural soil characteristics. 

3) Improvement of irrigation technique: study of relationship 
between physical soli characteristics and water circulation; 
irrigation experimentation. 
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A MODEL FOR THE DEVELOPMENT OF THE 
BREADFRUIT INDUSTRY IN THE CARIBBEAN 

L. B. Roberts-Nkrumah and T. U. Ferguson 
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St. Augustine, Trinidad 

INTRODUCTION 

The breadfruit, Artocarpus altllls (Park.) Fosberg (syn. communis 
J.R. and G. Foret, Â . incisa L.F.), a native to the Indo-Malay peninsula 
and possibly the South-Western Pacific region, was Introduced to the Carib-
bean since the 18th century. The seeded form, called breadnut or chatalgne, 
was in Martinique since the 1750's and taken to Jamaica in 1782. The much 
more popular seedless fruits were introduced to St. Vincent and Jamaica 
in 1793, and then spread to neighboring territories (Leakey, 1977). Today 
the Caribbean is recognized as an area where breadfruit is an important 
food crop although production is small in comparison with that of the South 
Pacific territories, South East Asia and to a lesser extent, Central America. 

CURRENT STATUS 

The usefulness of the breadfruit as a starchy food is based on its 
high carbohydrate content which ranges from 20 to 28Z in mature fruits 
(Leakey, op. cit.). The trees occur either in natural groves In gullies 
and abandoned estates or as single trees in small farmer holdings and in 
backyards. They are given minimal attention, if any, but generally grow 
well especially In high rainfall areas. There are indications that the num-
ber of trees and, consequently, production, have declined over the past 
three to four decades. For example, there were an estimated 2.3 million 
trees in Jamaica in 1958, which declined to 46,000 in 1987 and to half of 
this latter figure In 1988 after hurricane Gilbert. Thus, production also 
fell from 131,610 MT in 1958 to 5,600 MT in 1987. (Ministry of Agriculture, 
Jamaica, 1989; Leakey, op. cit.). Up-to-date information on breadfruit 
populations is not available for the entire Eastern Caribbean, but some 
decline is likely since there have never been any serious replanting 
programmes. 

It is against this background of unplanned and declining production, 
and non-existent management that an export trade has developed firstly to 
regional markets, and more recently, to North America and Western Europe. 
Export statistics for certain territories are presented in Table 1. 
Consequently, breadfruit is now recognized as a non-traditional export 
crop and has been included In the diversification programmes of several 
territories. However, if this export trade Is to survive and flourish, and 
if the tree's full potential Is to be realized, then plans must be formu-
lated In the very near future for the development of a breadfruit Industry. 
It is to this end that a model for the development of the industry is being 
proposed. Furthermore, the model seeks to provide a framework within which 
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Table 1. Breadfruit exports fron the Caribbean to extra-regional 
markets, kg 

Territory 1985 1986 1987 1988 1989 1990 

Jamaica 121,260 121,966 247,425 196,065 68,419 143,092 
St. Lucia 
Dominica - 310 - -

Trinidad & 
Tobago - 2,309 3,662 -

Statistics unavailable. 

recently initiated research activities on this neglected crop can be bettei 
focused. 

THE MODEL 

The major objective in designing; this model of a breadfruit industry 
is to achieve and ensure long-term attainability of higher levels of pro-
duction of the crop. The model thus encompasses not only the production 
aspect, but also other components necessary to support production. The 
following components are included (Pig. l)i 

Crop utilization system 
Marketing system 
Production system 
Post-harvest handling system 
Institutional support system 

CROP UTILIZATION 

This aspect of the Industry Is being considered first because it is 
the factor which creates, and most directly affects, demand. By far, the 
most important use of breadfruit in the Caribbean is for human consumption. 
Available data on breadfruit consumption are presented in Table 2. It is 
unlikely that this picture of significantly low and declining levels of 
local breadfruit consumption has changed over the past two decades. This 
reduced importance as a staple, is directly linked to declining production 
and strong preference for other carbohydrate sources such as rice and white 
potatoes, especially in territories like Trinidad and Tobago where bread-
fruit is consumed mainly as a side dish. The first goal, therefore, is 
to stimulate higher levels of domestic consumption not only because of 
the need for greater self-sufficiency in food and because the local and 
regional markets are likely to remain dominant for some time yet, but 
also because through migration, they will Influence significantly the 
demand In the export market. 
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Table 2. A comparison of levels of consumption of breadfruit, cassava, 
yams and sweet potato in Jamaica and Barbados. 

Per capita consumption (kg/yr) 
Territory Year Bread-

fruit Cassava Yams 
Sweet 
potato 

Jamaica 1966 34.5 5.7 3.9 
1969 17.1 5.1 30.9 -

1971 17.3 8.1 58.6 -

Barbados 1966 12.0 _ 31.4 29.9 
1969 11.2 - 40.9 20.3 
1971 3.7 - 42.4 25.7 

Sources Leakey (op. cit.). 

Breadfruit is prepared mainly by washing, boiling, steaming or baking 
the fresh fruit. Since the crop is seasonal and also has a short shelf-
life It is necessary to consider processing as an approach to minimizing 
the problem of availability. A number of products have been developed 
which also meet consumer requirements for convenience and these should be 
further explored for commercialization where possible. These Includes 

* Frozen slices - work was initiated in Trinidad by Passam (1981) 
and continued more recently in Jamaica, where the effects of dif-
ferent methods of cooking, prior to vacuum packing and flash 
freezing, on long term eating quality were investigated (Scientific 
Research Council, NewmaU, 1990). 

* Canned slices - breadfruit slices in brine have been exported from 
Jamaica (Swaby, 1981) and work has also been done.in Dominica 
(Leakey op. cit.). 

* Dehydrated slices - (Reeve, 1974). 

* Flour - this is a traditional product used in making porridge,, 
Commercial techniques foir its production have been developed 
and it can be used in tha manufacture of composite flours for a 
wide range of baked products (Swaby, op. cit.). It can also 
provide a basis for breakfast foods. 

* Snacks - work on breadfruit chips and extruded products has been 
conducted in Trinidad (Lewis, 1984) and Puerto Rico (Matthews, 
1986). 

* Preserves - the male Inflorescence is candled. 

All the above products except preserves, utilize the mature unripe 
breadfruit. Utilization of the ripe fruit should be explored. The seeded 
form Is consumed as a curried vegetable when Immature and the mature seeds 
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as a snack mainly in Trinidad and Tobago, and Guyana. More widespread 
consumption should be encouraged. 

Other forms of utilization which should be explored and encouraged where 
commercially viable include! 

Λ Livestock feed - this is a traditional use for ripe fruit. Fruits 
can also be utilized for preparing pellets or, as has been developed 
in Montserrat, as flour meal. Utilization of the wastes from proces-
sing and the ensilage of leaves should also be explored. 

* Industrial and other uses 

- Starch which may find use in textile manufacture, has been manufac-
tured from the breadfruit In Brazil. 

- The tree trunks yield a light, strong, durable, termite resistant 
wood which is used in construction and furniture-making in some 
territories. 

- Bark cloth is a traditional product In the South Pacific, and may 
be considered for use in the handicraft industry in the Caribbean. 

- The latex has been used In the South Pacific traditionally for 
caulking ships and for chewing gum. 

- Various parts of. the tree have been used for medicinal purposes in 
the treatment of conditions ranging from skin disorders and diarrhea 
to hypertension and sciatica. 

THE MARKETING SYSTEM 

The major Initial objective of this component in the model is to secure 
a large market share for the fresh and processed breadfruit. A second 
objective, which caters for the possible expansion of foreign market 
demand beyond the production capability of exporting Caribbean territories, 
is the creation of the market perception that the Caribbean breadfruit is 
of the highest quality and therefore, a first choice that can command a 
premium price over breadfruit from elsewhere. Two major considerations In 
this regard ares 

* To promote utilization through proper marketing - this includes 
quality products which meet consumer requirements as far as pos-
sible, promotion inclusive of attractive and convenient packaging, 
proper merchandising in fresh produce markets and supermarkets and 
competitive pricing. Uith respect to the extra-regional markets 
demand should be stimulated not only within West Indian communities 
but also among other migrants who may be familiar with the crop and 
among the wider market. The important role that can be played by 
the tourist industry in the Caribbean, In promoting breadfruit 
utilization should not be Ignored. 
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* To improve Availability - since this is a bulky, low-priced commo-
dity, approaches must be found for it to compete more successfully 
for limited cargo space with higher valued Items. One possibility 
is the marketing of smaller (1-1.5 kg) mature fruit to spread trans-
portation costs while simultaneously attempting to increase the cargo 
space available. The fresh fruit is also subject to a short shelf-
life which can encourage small consumer purchases. Therefore, rapid 
transportation to market is β necessity which should be combined 
with efficient storage. Some territories with significant produc-
tion potential for example, Dominica and St. Vincent, do not have 
International airline connections and while this problem must be 
addressed, the advantages offered by processed products in terms of 
higher value, less bulklness and longer storageabillty should also 
be exploited. 

THE PRODUCTION SYSTEM 

The objective of this component Is to supply the market requirement 
for breadfruit in terms of quantity, quality and regularity, and to achieve 
this is the most cost-effective manner possible. Coet-effectlvenes relates 
not only to higher farm revenues and competitive prices, but also to the 
long-term economic and social costs and the use of natural resources. 

The major elements of this system arei 

* Location 
* Germplasm selection 
* Planting material supply 
* Cropping system 
* Crop management technology 
* Harvesting 

Location. 

The choice of a proper location Is one of the major factors in the 
cost-effective production of any crop. Because of the requirements of 
breadfruit for high rainfall and properly drained conditions, and given 
the high price of flat land, in the Caribbean, upland or hillside cultiva-
tion of breadfruit is advocated. Such locations should be properly shel-
tered and measures to control erosion effected. 

Germplasm Selection. 

This is undoubtedly one of, If not the most Important, factor determin-
ing success with perennial crops as the breadfruit, since it determines the 
extent to which the market requirements can be fulfilled. Important consid-
erations in cultivar selection include: 

* Fruit characteristics - the end use is important; there is need for 
research to define the characteristics required for fresh versus 
processed forms. 
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* Tree characteristics - this will Influence the cropping system, plant 
population, management practices and harvesting; dwarf or relatively 
short trees will be preferred. 

* Generally desirable characteristics - high yield, early bearing, pest 
and disease resistance, adaptation to local physical conditions. 

Though the breadfruit germplasm base in the Caribbean appears small, there 
is a wide range of germplasm in the South Pacific from which to select. 
However, the Caribbean germplasm should be assessed to Identify desirable 
characteristics which must be preserved and negative traits which can be 
eliminated or minimized by new Introductions. A number of accessions have 
been recently Introduced to Jamaica and work on the local germplasm Identi-
fication has been initiated at UWI. 

Planting Haterlal Supply. 

This is a most important input for establishing a breadfruit Industry 
as that being proposed, since it will allow intensive cultivation of 
desirable varieties and facilitate an overall increase in tree population. 
Several methods are available for vegetative propagation of breadfruit 
including the use of: 

* Suckers - the traditional method but this is not suitable for com-
mercial purposes; 

* Root cuttings - a more commercially suitable method already employed 
In several territories but there is need for improvement in the 
technique and research is on-going at the UUI and CARDI. 

Other possibilities which demand further exploration are stem cuttings since 
these have certain potential advantages over root cuttings, budding, graft-
ing, and tissue culture. 

Cropping Systems. 

For upland cultivation an agroforestry system in which breadfruit is 
strip-cropped with forest species is being recommended. Large-sink plant-
ings should be established on a phased basis with short-term intercrops 
during the establishment stage to provide a cash flow and for soil protec-
tion. Root crops should be avoided since, during harvest, breadfruit roots 
may be damaged. These intercrops can be removed when the breadfruit trees 
come into bearing. Mature trees which become unmanageable in terms of 
height, should be removed, and possibly used for timber, and the area 
replanted. Another suitable system Is Intercropping with other perennial 
crops as is done at present with bananas and coconuts. Both systems 
closely imitate the ecological systems In which breadfruit is grown in the 
Caribbean thereby minimizing the likelihood of serious pests and disease 
problems and facilitating easy Implementation. 
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Crop Management Technology. 

The major considerations ares 

* Plant population - populations of 200 to 270 trees ha'L, with 
spaclngs as close as 6m χ 6m are envisaged for pure stand plantings, 
while 100 to 150 trees ha'l should be suitable for permanently in-
tercropped breadfruit cultivation. Root suckers should be removed 
as they arise. 

* Tree size control - this is especially Important given the plant 
populations recommended. Approaches include the use of dwarf cul-
tlvars, encouragement of a low-bearing habit, training and pruning. 
Some pruning trials have already been initiated by the Caribbean 
Agricultural Research and Development Instituted The effect of 
subsequent regrowth on canopy architecture and the effect of routine 
pruning on production costs need to be evaluated. 

* Pest and disease control - pes tu are generally not a problem in the 
Caribbean. Mealybugs have been reported as a pest In the French 
Vest Indies ^Parie et al., 1974 and). The fruitfly is a problem 
in Australia (Drew, 1976) and tills should be regarded as a quarantine 
risk. Similarly, disease problems are not widespread in the Region., 
but some are of potential importance. A breadfruit decline, mainly 
in mature trees, has been observed in Jamaica and Montserrat and 
research studies are being conducted at the UUI, to determine the 
causative agent(s) and suitable methods of control. Other diseases 
include root rot in Trinidad and Grenada, anthracnose on fruits, red 
root rot (Stump rot) caused by the pathogen Canoderma phlllppl 
which Is present in Jamaica. Indications are that most of these 
problems can be controlled by enforcement of proper plant quaran-
tine regulations and by cultural and chemical control. 

* Fertilizer - traditionally, n&ils are inserted in unthrifty trees, 
supposedly to supply iron. The effects of trace element deficien-
cies need to be examined and fertilizer requirements determined. 

Harvesting. 

Currently breadfruit Is harvested by shaking the tree and allowing 
the fruit to fall to the ground; thlii method results in high post-harvest 
losses. Improved methods such as the use of fruit pickers need to be 
encouraged. 

Research activities are in progress at the Cave Hill Campus, UUI 
(Uorrell, 1991) to determine maturity indices for the breadfruit using 
indices such as skin colour, degree of expansion of the polygons on the 

1Andrews, personal communication. 
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skin surface, surface texture and latex flow. There Is need to extend this 
study to all commercially Important varieties or types. 

Furthermore, fruit to be exported should be harvested on the same 
day of shipment, preferably In the early morning kept in the shade and 
transported from the field as soon as possible to minimize field heat 
and prolong shelf-llfe. 

POSTHARVEST HANDLING SYSTEM 

The aim of this component is to get fruit of the best quality to mar-
ket, and to prolong storage and ahelf-llfe. Therefore, marketeers and 
relevant organizations must put operations and facilities in place to meet 
these objectives. At present the major post-harvest operations are washing, 
drying, sorting, grading and packaging. A pre-cooling step, using air or 
water, is sometimes Included?, and as expected small fruits cool faster. 
There Is need, however, to avoid chilling injury. 

Low temperature storage has been shown to prolong shelf-life beyond 
the normal 3 to 4 days. According to Worrell (op. cit.) .the best results 
are obtained under conditions of low temperature and high humidity since 
this reduces weight loss and darkness of the skin. Sankat (1991) has also 
shown that controlled atmosphere storage can be successfully used to prolong 
shelf-life but this method is expensive* Modified Atmosphere Packaging 
using films has been found by Worrell (op.cit.) to be not only cheaper but 
also effective since storage life can be prolonged to 3 weeks. There Is 
need for these studies to continue since the ability to prolong storage 
will increase availability of the fruit and make possible cheaper shipment 
by sea. 

INSTITUTIONAL SUPPORT SYSTEM 

The banana industry in the Caribbean has developed as an Important 
contributor to, and in the case of some Eastern Caribbean territories, 
the major source of foreign exchange earnings because of the level of Ins-
titutional support It receives. Any otheir crop which is targeted as an 
important export crop must have similar support, and since the development 
of the non-traditional export crops such as breadfruit, is driven more by 
our need to diversify our agricultural sector rather than by the market 
this support system must be indigenous. 

The development of a breadfruit Industry will require support in the 
following areas: 

* Market information - producers, processors, marketeers need to be 
aware of new market opportunities, prices, consumer requirements; 

2Campbell, personal communication. 
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* Input supply - access to suitable land and planting naterial supply 
are two Immediate requirements; 

* Credit - this is especially important for the initial establishment 
phase; 

* Infrastructure - international transportation and post-harvest facil-
ities are two of the most pressing requirements in some Eastern Carib-
bean territories] 

* Research and extension - all of the foregoing components of the 
model point to the need for intense research to generate the kind 
of information for the development of sound strategies in every 
area of the Industry. Such information generation must be linked 
to an extension service which would function to disseminate informa-
tion to end-users and to relay research needs back to the researchers. 
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ABSTRACT 

Between 1985 and 1991, various insecticides were evaluated in Jamaica 
and Dominica for the control of tthe coffee leaf miner (Leucoptera coffeella 
Guer.). Carbofuran (Furadan 10G) reduced infestations at all sites but for 
longer periods (4-8 months) in Jamaica than in Dominica (2-4) months. The 
synthetic pyrethrold lambda cyhalothrln provided effective control in 
Dominica but had an adverse effect on populations of the parasite Mlrax 
Insularls. The effect of soil and rainfall conditions on the efficacy 
of carbofuran is discussed. 

INTRODUCTION 

The production of coffee (Coff'ea arabica L.) Is a major component of 
the agricultural economy of Jamaica. In Dominica, it ia being actively 
promoted as a diversification crop and approximately lOOha have recently 
been established. Most are lnterplanted into existing banana plantations. 

The coffee leaf miner (Leucopter.a coffeella Guer.; Lepidopterat 
Lyonetlidae) la an establiahed pest of coffee in the Caribbean, CentralL 
America, and Brasil. This insect was first described in the mid-nineteenth 
century in Guadeloupe and Martinique (Plckmann Mann., 1892). It was respon-
sible for the abandonment of coffc.e cultivation in thoae islands at the 
time. Similarly, it prevented the xe-establlshment of coffee cultivation 
in St. Lucia (Box, 1933). The pest and! Its natural enemies were studied 
in Dominica and Jamaica In the early twentieth century (Anon., 1939, 
Gowdey, 1921). 

Leaf miner outbreaks in Jamalen over the past decad« are associated 
with the wide-scale uae of insecticides against the coffee berry borer, a 
pest Introduced into that island in 1979. Similar outbreaks have been 
observed in some Central American countries (Garcia Llzama, 1979). Although 
endemic in Dominica, damaging populations only occur at low altitudes (< 300m). 

The adult, a small silvery moith, oviposits on coffee leaves. The larvae 
tunnel between the epidermal layei-», feeding on the parenchyma. The result-
ant blotch mines become necrotic and reduce the photosynthetic surface. 
Severe Infestations result In defoliation and subsequent death of the plant. 

Various insecticides have been evaluated for the control of this pest 
but most foliar-applied insecticides disturb the natural enemy balance and 
often worsen the problem. Soil-applied systemic insecticides such as 
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carbofuran can control Insects feeding In the foliage, and in their granu-
lar form pose a reduced risk to human« and other nontarget organisms. 
This Is compatible with an IPM strategy for the pest. 

This paper reports on field trials conducted in Jamaica (1985-1987) 
and Dominica (1989-1990) to compare the efficacy of carbofuran to the insec-
ticides then in current use for leaf niner control and to assess the effect 
of various soil and environmental factors on its efficacy. 

MATERIALS AND METHODS 

The field trials were conducted «t five locations: in Jamaica at Aenon 
Town and Unity Valley, St. Ann; Grove Place, Manchester; Orange River, St. 
Mary; and in Dominica at Belles. Altitude and rainfall parameters for these 
sites are given in Figure 1. Four set» of trials were conducted following 
a randomized complete block design with three replicates. The plots con-
sisted of five plants, (6 t 2 years old), except where otherwise indicated. 

Trial I. 

This was sited at Grove Place, Orange River and Unity Valley, Jamaica. 
The treatments tested were carbofuran (Furadan 10G) applied at 2, 4, and 7 
gal/plant and Dimethoate EC60 at 2.51 ui/ha. Dlmethoate had been used for 
leaf miner control. 

Trial 2. 

Two subsidiary experiments were conducted at Unity Valley. Firstly, 
carbofuran at 2, 4, and 7 gal/plant was applied broadcast approximately 4 
weeks before flowering and similar doses broadcast onto the other plots 
during fruit set, about 8 weeks later. Secondly, carbofuran at 2, 4 and 7 
gal/plant was broadcast onto the soil, surface for comparison with similar 
doses incorporated into the soil. 

Trial 3. 

This trial was conducted only at Aenon Town. It was originally 
designed to evaluate the effectiveness of pesticides against the nematode 
Meloldogyne incognita. Since the pesticides used also possess insecticldal 
properties, their effects on populations of the leaf miner were assessed. 

A randomized complete block design with three replicates and split-
plots were used in this experiment. The main plots, comprising 10 trees 
each, received an experimental dose in January, approximately four weeks 
before the onset of flowering. Four months later in May, a similar dose 
was applied to five of the trees in each plot. Each main plot therefore 
consisted of two sub-plots treated with one or two applications of the 
experimental dose. 

Treatments were: Carbofuran (1,1+1, 2,2+2 and 7 gal/plant), Ethoprop 
(3,3+3, 6, and 6+6 gal/plant), and Phenamiphos (2,2+2, 4, and 4+4 gal/ 
plant). 
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Trial 4. 

This was conducted at Beilea, Dominica. The treatments applied were 
carbofuran at 4 and 7 gal/plant and lambda cyhalothrin (Karate 2.5EC) at 
10 gal/ha. The synthetic pyrethrold Karate had been in use for 1-2 years 
for leaf miner control. 

All granules were broadcast by hand onto the soil surface around each 
tree in a wide band extending outwards from the trunk to the drip circle. 
In Trial 1, one application of carbofuran was made at each alte approxi-
mately 4 weeks after the commencement of berry production. In Trial 4, 
two applications of carbofuran were made, the second at 4 months after 
the first. Dimethoate and Karate were applied to the foliage of the plants 
thrice at monthly intervals with amotorised miat blower. Untreated con-
trols were maintained in all experiment». 

Data from all the experiments wer« collected at monthly intervals. 
On each sampling, 20 mined leavea were removed from treea in each plot. 
In the laboratory, the number of mines and pupal cocoons on each leaf were 
counted. All the mines on 10 leaves per plot were dissected to determine 
larval population and mortality. The remaining 10 leaves were incubated 
for emergence of leaf miner adults and their asaoclated parasites. 

During the course of the experiments in Jamaica, soil samples were 
taken from all experimental sites. These were analyzed for pH, organic 
matter content, and average particle alze, factors which influence the 
efficacy of insecticides in soil. Asaoclationa between these parameters 
and the observed residual efficacy of carbofuran were teated by Speermann's 
coefficient of rank correlation. 

All other data were subjected to analysis of variance (ANOVA). Data 
recorded as percentages were given angular transformations before analysis. 

RESULTS AND DISCUSSION 

Trial 1. 

At Orange River, carbofuran at 4 and 7 gal/plant reduced the number 
of live larvae from a pre-treatment level of 32/100 leaves to zero within 
one month of application and no live larvae were found in the entire post-
treatment period. At 2 gal/plant, the larval population was reduced to 
very low levels (Fig. 2a). Throughout this period, the average population 
of live larvae in this treatment was 3+0.4 larvae/100 leaves. Treatment 
with dimethoate reduced the larval population to 7.5Ï1.7 larvae/100 leaves, 
significantly higher than in the carbofuran treatments but significantly 
lower than in the untreated plots where the mean density was 27±6.6 larvae/ 
100 leaves. 

At Unity Valley, leaf miner larval population density was higher than 
at Orange River in both treated and untreated plots (Fig. lb), with a pre-
treatment population of 84 larvae/100 leaves. As at Orange River, these 
densities were lowest in plots treated with carbofuran. In those plots, 
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α) Orange River 

O l . 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 

MCNIHS AJTKR THEADCMT 
Fig. 2 Mean no. of live larvae/100 leaves of L. coffeella in various experimental 

treatments, (x x Control, ni.nofK̂ .i-e Cart). 2g, . , 
Carb. 4a Carta. 7g, , __ Karate). 
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although the larval density was associated with the lowest dose of carbo-
furan, there were no significant differences between the doses (P>0.05). 
Larval populations were 4.8+1.9, 2.3Î1.1, and 3.3Î1.4 larvae/100 leaves 
in the 2, 4, and 7 gal treatments respectively. Of interest is the obser-
vation that larval density in plots receiving the 4 gal dose was less than 
that at 7 gai. 

Larval populations were reduced to these levels within one month of 
carbofuran application and were maintained with relatively little variation 
throughout the period of post-treatment assessments (Pig. 2b). 

Treatment with dimethoate reduced the larval population to 49.1±8.7 
larvae/100 leaves, significantly higher than in the carbofuran treatments 
(P< 0.001), but about half that In the untreated control which was 80.Ot 
3.6 larvae/100 leaves. 

Pre treatment larval density was the lowest at Grove Place (10.S 
larvae/100 leaves). Here, as at all other sites, this density was signifi-
cantly reduced within one month of carbofuran application (Fig. 2c). These 
low levels were also maintained without significant variation throughout 
the post-treatment period. The mean population levels in the various treat-
mnts were 3.6Î1.8, 1.2Î0.7, and 0.6Î0.1 larvae/100 leaves in the 2, 4, and 
7 gai treatments, respectively. Dimethoate also reduced the larval popu-
lation to 7.4 * larval/100 leaves. This was not slgnflcantly below the 
control level of 9.6±1.4 larvae/100 leaves (p - 0.08). 

High levels of larval mortality were obtained in plots treated with 
carbofuran in contrast to the relatively low mortality levels In the 
dimethoate treated and the untreated plots (Table 1). In plants treated 
with the 2 gal dose at Orange River, mortality was 9 per cent. Since no 
larvae were found in the plants with the higher dose, mortality was 
presumably 100 per cent. At Unity Valley, mortality levels were lowet than 
at Orange River. Here, the dose of 2 gal. Inflicted mortality of 71 per 
cent. Similar mortality (71 per cent) was inflicted at 4 gai but a signifi-
cantly higher level (84 per cent) was recorded at 7 gal per plant. At 
Grove Place, mortality levels were comparable to those at Unity Valley, 
being 68, 73, and 81 per cent, respectively,In the 2, 4, and 7 gal 
treatments. 

Mortality due to dimethoate was 50, 20, and 28 per cent at Orange River, 
Unity Valley, and Grove Place, respectively. In the untreated control, mor-
tality levels were respectively 1, 6.1, and 5 per cent. 

In the plots treated with carbofuran, adults emerged only from leaves 
of those plants receiving 2 gal at Unity Valley (Table 1). The emergent 
population was very low: less than 7 adults per 100 leaves. In all other 
doses at all locations, no adults emerged at all during the entire post-
treatment period. At all the experimental sites, large numbers of adults 
emerged from the untreated pests and those treated with dimethoate. 

The eulophld wasp, Achryosocharls sp. was the only parasite that 
emerged from the incubated leaves, and only at Unit Valley. There were no 
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significant differences in the number from the carbofuran treatments and 
from the control (Table 1). However, none emerged from dimethoate-treated 
leaves. 

Rank correlation analysis indicated that there were no significant 
associations between the various soil parameters measured and any of the 
biological characteristics of the leaf miner populations which were 
estimated. 

Trial 2. 

Leaf miner populations in the 2 gal and 4 gal pre-bloom treatments 
were not significantly different from the corresponding post-bloom treat-
ments (Table 2). Pre-bloom applications of 7 gal/plant, however, resulted 

Table 2. Effect of time and mode of application of carbofuran on leaf 
miner populations at Unity Valley, Jamaica. 

Treatment 
(gal/plant) 

No. of larvae/ 
100 leaves 

X larval 
mortality 

No. of emerging 
adults/100 leaves 

Carbofuran (2)* 4.86 70.6 6.8 
Carbofuran (4)* 2.3 71.4 0 
Carbofuran (7)* 3.3 83.2 0 
Carbofuran (2)o 0.1 88.4 0 
Carbofuran (4)o 0.3 81.5 0 
Carbofuran (7)o 0.3 93.0 0 
Carbofuran (2)+ 5.2 70.0 15.1 
Carbofuran (4)+ 3.0 80.1 11.3 
Carbofuran (7)+ 1.9 85.3 2.6 
Carbofuran (2)- 4.5 72.0 5 
Carbofuran (4)- 3.1 75.2 0 
Carbofuran (7)- 0.7 86.0 -

Control 80.8 6.1 266.7 

«Broadcast 0 - Soil incorporated 
+Pre-bloom - - Post-bloom 

In a significantly lower population than that in the post-bloom treatment 
(p<; 0.05). There were no significant differences in the levels of larval 
mortality achieved by the pre-bloom and post-bloom applications. However, 
significantly larger numbers of adults emerged from the leaves In all of 
the pre-bloom treatments (p<0.05). 

Soil incorporation of carbofuran resulted In leaf miner larval popula-
tions which were significantly below (p<0.05) those resulting from the 
broadcast mode of application (Table 2). Mortality In these larvae was also 
significantly higher in all the incorporated treatments (P<0.05), the high-
est mortality (93 per cent) being recorded for the 7 gal dose. No adults 
emerged except for emergence of 6.7 adults/100 leaves in the broadcast 
treatment. 
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Trial 3. 

Only carbofuran and phenamlphos caused significant reductions In the 
larval population levels. Carbofuran was the m»st effective treatment In 
this respect. Although the larval densities achieved in all the carbofuran 
treatments were not significantly different, there was a residual popula-
tion associated with the single applications of lg and 2 while the split 2g 
and 4g and the single 7g treatments completely eliminated the larvae from 
the leaves (Table 3). 

Table 3. Effect of single and split applications of various granular 
insecticides on leaf miner populations at Aenon Town, Jamaica. 

Treatment 
(gal/plant) 

No. of larvae/ 
100 leaves 

X larval 
mortality 

No. of emerging 
adults/100 leaves 

Carbofuran (2) 4.2 65 13.3 
Carbofuran (l+l) 0 - 0 
Carbofuran (2) 2.1 57 0 
Carbofuran (2+2) 0 - 0 
Carbofuran (7) 0 - 0 
Ethoprop (3) 39.1 24.2 146.7 
Ethoprop (3+3) 29.7 21.6 113.3 
Ethoprop (6) 57.2 27.6 86.7 
Ethoprop (6+6) 37.3 22.8 106.7 
Phenamlphos (2) 17.6 34.3 33.3 
Phenamlphos (2+2) 12.9 48.1 20.0 
Phenamlphos (4) 17.7 51.4 43.3 
Phenamlphos (4+4) 16.9 57.5 50.0 
Control 40.1 23.9 307.0 

Larval populations associated with phenamlphos were significantly 
higher than those treated with carbofuran, but significantly lower than 
in the untreated controls (p<0.05). None of the doses of ethoprop had 
any significant effect on the leaf miner larval population. 

Highest levels of larval mortality were inflicted by carbofuran in 
the two treatments where larvae were still present. In the various phena-
mlphos treatments, larval mortality was 2-3 times that in the untreated 
controls (Table 3). 

No leaf miner adults emerged from the leaves receiving doses of car-
bofuran above 1 gai/plant. Adult emergence was also significantly reduced 
by all doses of phenamlphos (p<0.05). However, large numbers of adults 
emerged from the ethoprop-treated plants and the untreated plants. 

Trial 4. 

Over the entire post-treatment period, the populations of live larvae 
in the plots treated with carbofuran were significantly lower than in the 
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untreated control (Flg. 2d). Population densities were 33.8+8.5 and 31.6± 
6.8 larvae/100 leaves in the 5 and 7 gal treatments, respectively, and 
45.4Î10.6 larvae/100 1 eaves in the control. Densities in the plots treated 
with Karate (8.3+1.6 larvae/100 leaves) were significantly lower in the 
other treatments (p< 0.01). 

All treatments caused significant reduction in larval population in 
the Immediate post-treatment period. However, by 3 months after treat-
ment (HAT) populations in the carbofuran-treated plots had climbed back 
to levels identical to the control. The second application of carbofuran 
at 3 HAT achieved similar results (Fig,, 2d). Honthly applications of 
Karate maintained the larval populations at very low densities throughout 
the experimental period. 

Estimates of larval mortality and the emergence of both adult leaf 
miners and the parasite Mlrax lnsularlti are shown in Table 4. Karate 
Inflicted highest mortality and fewest adults emerged from those treated 
leaves. No parasites occurred in this treatment, however. 

Table 4. Effect of various Insecticide treatments on populations of 
the coffee leaf miner and its associated parasite, Mlrax 
lnsularis in Dominica. 

Treatment 
X larval 
mortality 

No. of emerging 
adults/100 

leaves 

Total 
no. of 

parasites 

Carbofuran 5 gal/plant 37.4 38 12 
Carlbofuran 7 gal/plant 48.2 30 8 
Lamdacyhalothrln 65.7 12 0 
Control 26.5 51 17 

Overall Results. 

The results from Jamaica demonstrate that single applications of car-
bofuran can give extended control of leaf miner Infestations. Extended 
control can be provided over a wide range of soil conditions and the main 
natural enemies are not adversely affected. 

Pre-bloom applications of carbofuran provided increased leaf miner 
control. However, fruit set and observed berry production were sdversely 
affected by this practice. Similarly, although soil Incorporation was more 
effective, berry production was reduced, most likely due to damage of the 
surface feeding roots during the process of incorporation. Split applica-
tions did not Improve the efficacy of the pesticide. Dimethoate is not 
as effective, and has a harsh Impact on natural enemies. Campbell et al. 
(1967) came to similar conclusions In Guatemala. Conversely, in Dominica 
carbofuran did not provide effective residual control of the pest. The 
synthetic pyrethroid Karate provided effective control but eliminated 
natural enemies. 
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The reduced residual efficacy of carbofuran may be due to two factors. 
The experimental site was in an area of very high rainfall (*=i 7000mm/yr). 
This may have caused rapid leaching of the pesticide. Similar effects of 
rainfall have been observed with Dlsulfoton, a soil applied aystemic insec-
ticide used against Leucoptera meyrickl in Kenya (Wanjala and Dooao, 1979). 

Also, the coffee stand in Dominica was in a banana plantation which 
has received 3-4 applications of carbofuran annually over the past 5 
years. Various studies have shown that such continuous applications of 
carbofuran enchance the ability of soli microorganisms to degrade this 
pesticide, thereby reducing its residual efficacy (Racke and Coa.tes, 1988; 
Ramanand et al., 1988; Dzantnor and Felaot, 1989; Suett, 1989). The 
previous applications of carbofuran also may be partially responsible for 
the results in Dominica. 
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FARMER'S PERCEPTION OF RISK IN HON-BAHAMA TREE CROPS 
IM DOMINICA 
P, Oldham 

Farm Management Economist 
Commonwealth of Dominica 

ABSTRACT 

This paper compares the returns from different tree crops on baslv 
of their gross margins. Although banana dominates the cropping pattern, 
It does not offer the highest returns per acre or the best returns to 
labor. The classic gross margin analysis does not adequately explain 
what farmers do. The gross marginn do not cater for varying amounts of 
riskiness associated with alternativa crops. The paper goes on to iden-
tify the maIn risk as markets. In many non-banana tree crops, lack of an 
organized market meant that only 20 to 30Z of potential crop was harvested. 
The other factors accounted for are. the seasonality of crop and Its effect 
on a farmer's cash flow, and the tolerance of a crop to negligent hus-
bandry. Theae factors are quantified in the form of a yield diacount 
factor. Returna diacounted for risk show that banana Is one of the more 
attractive crops. 

PURPOSE OF RISK ANALYSIS 

The major problems In agriculture are voiced by the farmer as markets, 
labor and transport. Crops Ideally should have organized markets, re-
quire a minimum of labor and have a high unit value, so that transport 
costs are minimized. In choosing wha.t crops to grow or what cropping mix 
to estabilah, the farmer will take into account what already exlats on 
his land, how much labor he has available for a particular crop during a 
particular season and In theory try then to maximize his income. 

Gross Margines, that la the difference between the farmers production 
cost and revenue, all other things being equal, would determine the farmers 
cropping pattern. This is a gross over-slmpllflcatlon as most farmers are 
heavily intercropped and a more realistic view would be given by present-
ing cropping mixes and the comparative costs and returna for each mix. 
It is still a useful first step to look at returns to single crop acreages 
to see which crops will be significant In a whole farm environment, it 
also helps understand the particular economic risks associated with each 
crop, which Intercropping as a general policy of risk aversion tends to 
mask. 

This paper seeks to look at gross margins alone and compare them for 
different tree crops. Then to show that the classic gross margin approach 
does not reflect what farmers actually do and that farmers discount poten-
tial returns on the basis of perceived risk. 

The major economic risks perceived by farmers are: 

Markets: The ability to sell the crop. 
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Frequency of income: The number of months in which the crop can be 
sold. That is how regular is the farmer's income. 

Husbandry latitude: The cost of neglecting the crop for short 
periods in a year. This is to put a cost on the propensity of 
Dominican farmers to leave the island for short periods to go 
about other business, leaving the farm in the hands of a less 
Interested party. 

There are other managmeent risks that should be considered but are 
not quantified here: 

- The perishability of a crop, although this is in part a marketing 
risk; 

- The total labor requirements of a crop, when labor is in short 
supply. 

POSITION OF BANANA IN THE FARMING SYSTEM 

More than 75Z of Dominica's farmers are banana farmers. Therefore, 
banana is the cornerstone of most farmers' production systems. The banana 
Is rarely grown as a pure stand but intercropped with other tree crops. 

Table I. Importance of banana in farming systems. 
Crop concerning Ζ of farmers Ζ Ζ 
which farmer reporting banana pure Intercropped 

was interviewed as main crop stand with banana 

Coconut 60 5 80 
Cocoa 33 22 33 
Coffee 71 60 53 
Avocado 70 10 70 
Mango 25 13 
Grapefruit 80 80 
Oranges 65 18 47 
Lime 33 17 
Passion fruit 38 55 

Source: Tree Crop Survey, Dominica, February 1991 
Sample of approximately 10 farmers per crop. 

The government feels that economy is overly dependent on banana. This 
has become more of a worry in the light of 1992 and a possible fall In the 
price of banana. Farmers complain too that there is a lot of work and 
little profit in banana. Some farmers aire leaving banana because of the 
problems experienced in getting labor and because of the uncertain 
future after 1992. Despite the cloud of 1992 and despite the labor prob-
lems, banana persists as the mainstay of the agricultural sector. 
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TRADITIONAL METHOD OF COMPARING RETURNS FOR DIFFERENT TREE CROPS 

Gross Margin Per Acre. 

This is the return to the ferner fron growing one acre of the crop. 
It Is the expected revenue fron sale of the crop less all his production 
costs including all his labour costs, naterlal costs and any transport 
costs to the point of sale. 

Gross nargln (GM) analysis dees not take into account the cost of the 
land, tools or other capital Items which nay be used on the whole farm, 
hence the word "Gross" rather that: "Net". Net margins will differ depend-
ing on the size of the farm. 

Returns for Banana (year 3) and Navel Oranges (year 8) are presented 
In tsble 2. 

Return per Manday. 

The return to labor is the total revenue expected less naterlal costs 
and less transport costs. The return per manday Is the return to labor 
divided by the number of nandays used in a year. 

For larger farns where labor shortage is a nain constraint this Is 
an lnportant parameter. 

Internal Rate of Return. 

The Internal Rate of Return (IRR) neasures the return fron a crop 
over tine. The revenue expected fron a tree crop in the future has to be 
discounted against the costs of establishment and naintenance that precede 
the bearing period. To illustrate the point, figure 1 shows the gross 
margins from banana and orange. Figure 2 shows the "cumulative" gross 
margins. In figure I oranges look nore attractive In the long tern. In 
the second graph, lncone or loss fron the previous year Is carried over 
to the next year and banana looks a nuch nore attractive crop. 

The IRR is expressed as a percentage, and can be seen as the inter-
est that would be earned on all the expenditure over the period being 
considered. The higher the IRR, the nore attractive the investment 
appears. The IRR is not a wholly adequate measure though. Comparing 
short termxropslike passion fruit and banana with long term crops such 
as cocoa or orange, tends to make the shorter term crop look too 
attractive. 

From the farmer's perspective, the risk inherent in the longer term 
crops is greatly reduced by: 

- Intercropping, which means that there Is a return from the land 
but not necessarily that crop. Also requirements for weeding are 
shared. 
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Table 2. Cost of Production per Pound 

BANANA 

Year 3 production 
Total production 8.91 tons Price/lbs 33.0 cents 

EC Cents 

Maintenance 

Labor 
Materials 

Harvesting 

Cost of picking 
Cost of heading 
Cost of packing and post-harvest 
Cost of transport 

Total cost 
Revenue 

5.3 
11.1 

2.55 
1.20 
0.97 
1.79 

22.9 
33.0 

72* 

2IX 
8X 

100Z 

Gross margin 10.1 

ORANGES (WASHINGTON NAVEL) 

Total production 5.24 tons Price/lbi 60.0 cents 

EC Cents 

Ζ maintained 

Maintenance 

Labor 
Materials 

Harves ting 

Cost of picking 5.25 
Cost of heading 1.94 
Cost of packing and post-harvest 50Z 
Cost of transport 3.50 224Z 

Total cost 14.4 100Z 
Revenue 60.0 

Gross margin 45.6 

1.9 
1.7 26Z 
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- The existence of project support for many of the crops where the 
Ministry of Agriculture (MOA) provides free planting material and 
inputs for up to 4 years (usually fertilizer and herbicide). The 
relative success of various MOA programmes in establishing new 
acreages of "diversification" tree crops attests to the ability 
of farmers to be helped over this risk. 

Table 3 shows the returns to some of the major tree crops in Dominica. 
Most of the date was gathered from a survey conducted in February 1991 from 
a small random sample of farmers. Yield» are based on what farmers expec-
ted to get per tree, not on what they actually harvested. Prices are 
the mean of the lowest price expected from the markets they sold to. The 
banana returns are adapted fron a DBMC model in the light of three banana 
farmers keeping detailed records for a period of 11 months. 

It was found that productivity varied greatly on farns and these 
gross margins should be treated as illustrative approximations and not 
definitive. It can be seen that the gross narglna and returns for labor 
are higher for coffee liberica, oranges, mango, avocado and passion fruit. 
On the other hand, banana yields the highest internal rate of return. If 
farmers persist in growing banana, despite lower returns to land and 
labor, it is because they perceive it is less risky than other crops. 
Is It possible to assess this risk and give it an economic value so that 
the gross margins and returns to labor more truly reflect the choices 
that farmers make? 

DISCONTINUING YIELD FOR RISK 

In order to quantify risk In gross margin analysis It is necessary to 
reduce the yield of the crop (and reduce costs of harvesting and selling) 
by a risk factor and recalculate the gross margins, returns to labor and 
IRR. The risk factors used here are marketing, incone frequency and 
husbandry latitude. A value of 1.00 neans there is no risk associated 
with that particular risk factor, a value of 0.9 would nean you can 
expect only 90% of the yield. Each of the individual risk factors Is mul-
tiplied together to give a Total Risk Factor. 

Market. 

The main risk that farmers face is marketing. That is, that they 
may not be able to sell their crop. In the aforementioned survey of 100 
farmers it was found that most farmers failed to sell all the potential 
crop on their trees. Typically they were only able to sell 20 to 30% of 
their crop, and this to the huckster trade. 

Those crops offering secure markets were: Banana, 33 cts/lb; coco-
nut, 12 cts/nut; passion fruit, 45 cts/lb; coffee arabica (Parchment), 
275 cts/lb; grapefruit, 7.5 (Jan-March), and 10.75 cts (Sept-Oct). 

This security needs to be qualified though: 

Coffee: The coffee market is newly established and some farmers have 
experienced problems in selling to the private firm of Bellot. 
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Table 3. Returns from main tree crops in Donlnlca 

Crop 
Gross 
margin 

per care 

Return 
per 

manday 

Internal 
fate of 
returnl 

2 

Banana $2,084 $ 44 98 

Cocoa No project 
With project 

874 
1,091 

$ 35 
44* 

2 
5 

Coffee Arabica 
Liberica 

1,097 
3,404* 

34 
57* 

10 
39 

Coconut Copra 
Dry 
Jelly 

46 
610 

1,066 

24 
56* 
44* 

neg 
17 
28 

Grapefruit Agro 
CCCA 
Hucks 

606 
226 

2,759* 

46* 
27 
88* 

10 
-14 
40 

Line 2,318* 40 30 

Orange U. Navel 
Valencia 

5,673* 
5,621* 

134* 
121* 

61 
67 

Hango Julie 7,391* 189* 71 

Avocado - 7,189 127 76 

Passion fruit 4,918* 91* 74 

'-Over a period of 21 years for long-tern crops; over 5 for passion 
fruit and banana. 

*Denotes return Is higher than banana. 

Grapefruit: Agro-Industry hau offered a secure market for 4 years, 
but In the last year uncertainty surrounded Its future and farmers 
typically sold only a quarter of what they had planned to sell. The 
Citrus Packinghouse marketing period has become shorter and shorter 
and can only take a percentage of the farmers potential crop. 

The other crops sell mainly on the huckster market which is charac-
terized by small volumes taken from the farm and an inability to take any 
quantity of the crop when in full seaosn. Prices tend to be high, as they 
are not "market clearing prices". That is, the prices do not adjust to 
assure that a farmer could sell all his crop if he so wished. 
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Table 4 shows the discount foc market risks which Is determined as 
the difference between the potential crop (defined as what the farmer had 
estimated he had on his tree) and the amount he recalled having sold or 
consumed. 

Tablle 4. Yield discount factors for selected tree crops In Dominica 

Crop Harket 
risk 

Income 
fre-

quency 

Husbandry 
lati- Total 
tude discount 

Potential 
yield 
(tons) 

Dis-
counted 
yield 
(tons) 

Banona 1.00 1.00 0.95 0.95 8.9 8.5 

Cocoa No project 0.45 0.96 1.00 0.43 0.4 0.2 
Uith project 0.96 1.00 1.00 0.96 0.5 0.5 

Coffee Arabica 0.95 0.96 1.00 0.91 0.5 0.4 
Liberica 0.20 0.96 1.00 0.19 1.1 0.2 

Coconut Copra 1.00 1.00 1.00 1.00 4,900.0 4 ,900.0 
Dry 0.15 1.00 1.00 0.15 4,900.0 735.0 
Jelly 0.15 1.00 1.00 0.15 4,900.0 735.0 

Grapefruit Agro 0.80 0.95 1.00 0.76 11.3 8.6 
CCGA 0.80 0.97 1.00 0.78 7.9 6.1 
Hucks 0.15 0.97 1.00 0.15 7.9 1.2 

Lime 0.15 1.00 1.00 0.15 11.8 1.8 

Orange U. Navel 0.29 0.94 1.00 0.27 5.2 1.4 
Valencia 0.29 0.96 1.00 0.28 7.9 2.2 

Mnago Julie 0.45 0.96 1.00 0.43 6.8 2.9 

Avocado 0.20 0.96 1.00 0.19 6.3 1.2 

Passion fruit 0.90 1.00 0.75 0.68 4.9 3.3 

Note: Units for coconuts is nuts; forcoffee is parchment; and for cocoa 
is dried. 

Frequency of Income. 

A regular income makes household budgeting much easier. It Is much 
more difficult to move away from a regular income crop to a seasonal crop. 
Bananas provide a regular income, as do coconut for copra. Both crops have 
maintained a loyal body of farmers despite periods of very low returns. 
Coconuts currently give less than $50 per acre. 

To try and allow for this it is necessary to devise some mechanism to 
penalize a crop the shorter the harvesting seaaon. As a first attempt an 
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Interest of 10Z per annua la charged against the yield of a crop for each 
month It Is not bearing. A crop (that Is harvested for 4 months In the 
year will have a yield equivalent of 93Z to one that ia harvested all the 
year round. 

Husbandry Latitude. 

This Is a first attempt to quantify management risk where a crop 
requirea continuous management throughout the year to attain Its potential 
yield. It le a measure of the crops ability to stand neglect. The only 
crops discounted under the ones under review are banana and passion fruit. 

Husbandry Is defined aa the loss of yield from a farmer leaving his 
plot for three weeks In the year. It is assumed that the farmer leaves 
the crop in the care of a relative or trusted friend but finds that the 
husbandry activities will result In an equivalent loss of income for 
the period he is away. In the case of passion fruit, the consequences 
tend to be more dire as when trellis poles rot, If immediate replacement 
is not done, there can be a domino effect and loss of vines when it comes 
to resurrecting the trellis. 

Further survey work is required to define the probable loas more 
accurately but for the purpose of illustration banana is discounted by 
5Z and passion fruit by 10Z. 

Table 5 shows the returns to major tree crops in Dominica after the 
yields have been diacounted. Banana looks one of the better crops. The 
large margin that oranges, avocado, mango and passion fruit offered over 
banana have slimmed. These latter crops still offer a better return to 
labor though. If a cocoa project :La put In place, the returns are much 
higher than without a project. This is because a main component of such 
a project would be the provision olf a central proceasing facility which 
would take out the main risk factoir (a lack of markets). 

Those in the business of trying to market Dominican produce overseas 
complain about the high prlcea demanded by farmers. These high prices 
are In great part to compensate for the expectation of not selling very 
much crop. A guaranteed market should be able to negotiate lower price» 
for product from the farmer, to both parties mutual benefit. 

CONCLUSIONS 

The aim here has been to give an economic value to some of the main 
risks that farmers in Dominica perceive. This has been done by determin-
ing values to risk factors identified ae marketing, Income frequency and 
husbandry latitude (management level required by the crop). These indivi-
dual risk factors were then multiplied together to produce a total risk 
factor. This factor was then multiplied with the "potential" yield expected 
for the crop to produce a yield adjusted for risk. Associated costs in harv-
esting and selling were likewise reduced. 
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Table 5. Returna to nain tree crops In Dominica, adjusted for risk 

Crop 
Factor 

discount 
Gross 
margin 

per acre 
ί 

Return 
per 

manday • 

Internal 
rate of 
return 

Banana 0.95 1,831 41 83Z 

Cocoa No project 0.43 23 22 neg 
Ulth project 0.96 1,008 43 neg 

Coffee Arabica 0.90 996 33 82 
Llberlca 0.19 425 38 -6Z 

Coconut Copra 1.00 46 24 neg 
Dry 0.15 (63) 0 neg 
Jelly 0.15 5 21 neg 

Grapefruit Agro 0.76 391 41 2Z 
CCGA 0.76 110 24 neg 
Hucks 0.15 310 41 -4Z 

Lime 1.00 (218) 13 neg 

Orange U. Navel 0.28 1,272 80 24Z 
Valencia 0.28 1,258 75 26Z 

Mango Julie 0*43 3,030 156 45Z 

Avocado 0.19 1,646 73 24Z 

Paaslon fruit 0.68 2,926 73 neg. 

These crop budgets are not definitive and further work will be required 
to refine then. The method In deterninlng some of the risk factors is a 
little arbitrary, but as first step, it is hoped that the principle Is 
demonstrated. In particular, it does help shed some light on farmers' 
response to the various diversification programmea that have been pursued 
In Dominica. 

It is held that diversification in the 80's in Dominica has failed. 
From the planners perspective maybe, but has it from the farmers7 Prices 
of banana have steadily risen in the eighties while the price of coconut 
(another regular earner) has halfed as the price for grapefruit for the 
English fresh food market. 

In looking for alternative crops to banana, we must take into account 
the farmer's perception of risk and try and evaluate the crop accordingly. 
In particulars 
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* That the uncertainty of markets for crop· la the major rlak In 
growing alternative crops. 

* That farmers have becone dependent on the regular Income that banana 
offers. 
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BAHAMA n O M C r i O · AID MA1UTING I· DOMINICA 

A. Ceorge 

Manager 
Donlnlca Banana Marketing Corporation 

Roseau, Conaonwealth of Donlnlca 

ABSTRACT 

Thla paper la a brief treatise on th· banana production concerna of tha 
Donlnlca Banana Marketing Corporation and the production policlee and neaaurea 
being undertaken to obtain a high sustainable output in the near future 
within the franework of β nor· crop diversified agricultural production basa. 

INTRODUCTION 

The Donlnlca Banana Marketing Corporation Is presently addressing tha 
problen of how to raise the productivity of banana production and narket 
a nore consistent high quality fruit on a sustainable basis. The Corpora-
tion has sat an export target, based on a recent study, of 100,000 tons 
per annun to be attained within a period of two years. In conjunction, 
they are trying to develop a core of growers to produce bananas at a laval 
of not less than ten tons per acre per annun. 

In 1988, banana exports reached an all tine high of 72,824 tons. This 
accounted for $103,000 in revenue and 68 per cent of tha total foreign ex-
change. In 1989, hurricane Hugo Interrupted production in Septenber, result-
ing in a decline in exports of 50,696 tons for that'year, and 58,040 tons 
in 1990. This year banana exports are expected to be over 60,000 tons. In 
recent years, average yield per acre has also increased slightly to about 
6 tons per acra. The taak ahead is, therefore, a fornidable one at a tine 
of rising labour coats and labour shortages, Increased narket conpetitlon, 
and, at a tine when there signs of soil declining soil fertility on an 
appreciable nunber of banana farns. 

The thene of this 27th Annual Meeting of the CFCS, "New Directions In 
Sustainable Agriculture," Is nost tlnely and fitting, as it is quite clear 
to us In the Corporation that steps nust be taken to develop a nore sustain-
able agriculture, especially in banana production for the lnnedlate future. 

PRESENT "STATE OF HEALTH" OF BANANA PRODUCTION 

In 1990 the Corporation's farn register stood at 6,696 active groweirs 
with a total of approxinately 12,500 acres. Presently there are concerns 
about declines In soil productivity on a significant nunber of banana faraa. 
This has been nanifested in grower conplalnts about the quality of the fer-
tilizer that 1s available to then and conplalnts of bunches beconlng snaller 
and snaller. Thla concern has been borne out to a slnllar extent by the 
results of the soil and leaf analyses by WINBAN R&D In recent years plus 
field observations by technicians, It is apparent that soil erosion has 
been severe in nany banana catchnent areas, and in the drier production 
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ireas tha loa· of topaoll baa lad to Increased water atraaa of banana ata·· 
luring tha dry aeaaon. Tha lataat result· fro· 122 plant and aoll saaplas 
Indicated high variability in both soil and plant nutrient status. It 
ippears that soil acidity is on tha increase and it la the aajor cauae 
for the poor nutritional a ta tus of bananas on Many f a n s and the need 
for aora frequent appllcationa of fertilisers. 

This present stata of affaira Is an indication that a siore sustainable 
ipproach to production is necessary. Over the years, aonocropping practices, 
Lndiscrlalnate planting without regard to land capability for banana cropping 
in a sustained basis, and extensive systeas of production are sone of the 
reasons for tha present production probleas now facing the Industry. 

PRE-REqUISITES FOR A MORE SUSTAINABLE BANANA PRODUCTION SYSTEM 

Froa the standpoint of the Corporation, thara appears to be four aajor 
:ondltlons that have to be aet to obtain a aora sustainable systea of banana 
production and affectiv« crop diversification. These arat 

* Banada faras on suitable solL type· for banana production should ba 
fully expllted agriculturally to attain tha highest yield potential 
that tha soll type and cllaata will allow. Thara should ba aupple-
aentary Irrigation where feasible. Areas of production that are 
aarginal for banana production should ba phased out by aeans of a 
planned crop diversification prograaae. 

* The present cropping systeas of bananas should ba aora effectively 
aanaged and intensified. Consolidation of productive acreages with 
a view to increasing ylald· par acra 1· preferred to Increasing 
acreage. 

* Thar· aust ba land laprovaaant progresses la tha areas ofi 

- land drainage, where necessaryι 
- soil conservation aeasures lapleaented on all hilly slopes; 
- far· and field operation· should be batter organised and have 

greater accessibility by the faraer·; 
- auppleaentary irrigation, where faastylai 
- use of appropriate fara aachlnery for land preparation and 

lnter-row cultivation. 

* There should be aore effective and Judicious use of chealcal Inputs 
and Integrated nanageaent of past and disease control. 

MEW DIRECTIONS BEING PURSUED BY THE CORPORATION TOWARDS THIS END—A 
NORE SUSTAINABLE PRODUCTION 

* Registration of a core of relatively aore productive faraer· on suitable 
aoll type· for banana production to ba the focus of an extension prograaae 
stressing application of laproved harvesting and packaging technology. 
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t The Corporation must redirect the extension component of It· Replanting 
Programme to develop farm management plana and processes, lntenalfy the 
field culture of bananaa with a single follower pruning regime, and 
promote rotational field replanting to austaln a continuous high farm 
output and to obtain peak productions during the summer months of the 
year when the market is more lucrative and banana prices are generally 
higher. In 1990, 63 and 37 per cent of dominlca'a banana production was 
attained during the Summer and Uinteraunthe, respectively. 

t Develoment among the core growern of a Premium Quality Pack that will 
allow top quality fruit to be clustered, sorted, and labelled for direct 
supply to retail outlets utilising the new mini-wet pack system and small 
private boxing plants must be Implemented. 

k The Corporation will collaborate with the Ministry of Agriculture to 
replace bananas in marginal acres with more suitable crops from the 
diversification programme. 

* The Corporation has Introduced the ICI integrated weed control program* 
and stocks Cramocil, Region·, Talent, and RoundrUp for broad spectrum of 
weed control. 

* Agricultural lime la being mad· available for more efficient incorpora· 
tlon into the soil at the time of planting. Trials are underway to 
Investigate further th« utilization of lime in banana production to raia· 
nutrient atatus in the root zone of the banana plant. The practice of 
rotational replanting will facilitate such a practice. 

* Fertilizer· are now being applied more frequently, now at two montha and 
monthly in the wetter areas. The technique· of soil and leaf sampling 
are to be atepped-up and broaden in scop·. 

* Reaearch is being conducted in leafapot control to reduce the required 
number of apraylng cycle·. Cllmatological stations are being uaed to 
forecaat the best time to spray and the frequency of spraying cyclea to 
reduce cost and environmental impact. 

* For borer control, Prinicid is applied in accordance with population 
surveys of the borer. 

* Research work in the aoll placement method of fertilizing bananas is 
continuing. 

* Growers have been able to utilize their excess cash for Inputs for farm 
land Improvement measures, especially for land drainage. 

* The use of vetlver hedgerows as a aoll conaervation measure in bananaa 
is to be tested on a farm demonstration by the Corporation. There ia a 
growing Interest in the tropical and semi-tropical world in the use of 
vetlver hedgerows as a major soil conservation measure that can replace 
some engineering systems. 
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* The Corporation la participating In the Monitoring of pesticide residues 
In soil, water, and, eventually, plant tissues that has been started by 
the Caribbean Environmental Health Institute. 

CONCLUSIONS 

Farmers are understanding and Implementing Intensive field production 
methods for bananas. This Is evidenced by the growing number of farmers 
who are presently obtaining over ten tons per acre. 

Development of the mini-wet pack system of central packing appears very 
promising. 

There is a need, however, for greater assistance for farm Improvement 
projects such as land drainage, soil conservation measures, farm organisa-
tion, and field accessibility plus supplementary irrigation where feasible. 
Close collaboration is necessary between Research and Extension agencies 
for the development of national land use plans and crop diversification 
programmes. Far· Mnagement training for progressiva farmers should also 
be a priority. 

FUTURE COSIDERATIONS 

* There should be an exploration of a single Extneslon Service in Dominica 
with all related organisations subscribed to an annual subvention to 
maintain a high level of service to all farmers in Dominica. 

* There is a need to look into the possibilities of DBHC 's capacity to 
extend service to the marketing of other aajor export crops. 

* There should be a harmonisation of a pricing structura for payment to 
banana growers in the Windwards. 

* Payments to Island Associations should Va on the basis of quality 
ac ting. 

* There should be emphasis on the production of a premium box of bananas 
which can move from the far« to the ripening roo· and directly to the 
supermarkets or from the far* and directly to the green handlers in the 
UK. 

* Upward integration is necessary in the banana market chain. 

* Reduction of the costs of production and Improved efficiency in the 
banana industry are to everyone's advantage. 
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AGRICULTURAL INVESTMENT AND SUSTAINABLE 
AGRICULTURAL DEVELOPMENT 

A. Chesney 

Managing Director 
Caribbean Food Corporation 

Trinidad, WI 

ABSTRACT 

For agricultural investments to facilitate sustainable (agriculture) 
development, they must be prudently made and with an above-average chance 
of being successful from both technical and financial perspectives. 

INTRODUCTION 

When I was asked to present a paper on Agricultural Investments and 
Sustainable Agricultural Development, I suddenly realized that, although 
I had become accustomed to everyone talking (within recent times) of 
"sustainable" agriculture or agricultural development, it was not clear 
what aspects and/or units were to be sustainable. Was it economic, finan-
cial, environmental, or standard of living of the rural (or maybe even 
urban) population? In addition, in what time frame must "sustainable" be 
"sustainable": five years-rthe life of a normal commercial bank project; 
10 years-rthe life of a production project that is financed by develop-
ment financing institutions such as mine; 15-20 years, the life of develop-
ment or infrastructure projects financed by institutions such as the World 
Bank? 

After some considerable search I found a written definition for the 
term as used by the World Food Program (WFP) as follows: "To allow for 
future generations, requires that we preserve our remaining resources and 
that we heal or rehabilitate resources that have been treated carelessly 
In the past. To do these things systematically Is to follow a path of 
environmentally sustainable development." 

However this definition is, In itself, deficient. Althoug it defines 
the time frame ad infinitum, the only measurable unit implied is the environ-
ment. My contention will be that given the frailty of the human race, espe-
cially those people located In Third World countries, such as ours, without 
abundant resources, concern for maintaining or sustaining the environment 
will not be a major area of emphasis. 

To my mind, sustainable development must include, in addition to the 
environment, financial, economic, and human resources as units of measure. 
I am suggesting, therefore, that sustainable development depends on the 
investment in and implementation of projects that are financially viable 
over a long-term basis. The collective profits from these projects (once 
properly channelled and administered) would be available for the education 
and specific skills of the indigenous people. Better educated, trained 
people whose basic requirements are met will be more inclined to invest in 
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the maintenance of the environment. In other words, the UFP definition 
can only materialize in a practical sense if local people are intimately 
Involved and their standard of life la improved, with the driving force 
being financially viable projecta. 

PRINCIPLES OF SUSTAINABLE AGRICULTURE 

In the 1991 F.A.O publication, Cere», Bonlta Brlndley reported on a 
series of past projects which supported this multlfaceted approach towards 
successfully arriving at sustainable (agricultural) development. Indeed, 
she lists a set of principles which may be grouped a a followa: 

People Oriented. 

Consultation with the major doers and beneficiaries. 
Train and educate the people Involved. 
Allow the beneficiaries to be Involved In -he decision-making process. 
Maintain or Improve the participants' atancard of living. 

Project Oriented. 

Projecta should be manageable and flexible. 
Project ahould not have a major dependence on external inputs, 
including people and government concessions. 

Projects should build on existing technologies, practices, and 
arrangementa. 

Impact Oriented. 

Impact of the actions and/or solutions should be readily repllcable. 
The Impact (social, cultural, economic, etc.) of the proposed actione 
and/or solutions must be aasessed beforehand. 

APPLICATION TO THE CARIBBEAN 

The requirements for sustainable agricultural development have thua 
been lndicatlvely established on a global basla. How do we adapt these 
to suit our Caribbean (CARICOM) situation? To do thla, we need to examine 
our physical, social, and economic characteristics today and how they may 
change in the foreseeable future. 

Firstly, the Region has a small market base of approximately 5.5 
million people (4.8M In the MDCs and 0.7H in the LDCa). In addition, It 
is a market that to date is not always available. The Gross Domestic 
Product (GDP) per capita (as of 1988) ranges from US$404 In Cuyana to 
US$6,154 in Barbados. The contribution oj agriculture to the GDP varies 
by territory, being a major contributor of about 20 per cent for Guyana, 
Belize, Dominica, Grenada, and St. Vincent; between 10-20 per cent for 
St. Kltts and St. Lucia; and less than ten per cent for Barbados, Jamaica, 
and Trinidad and Tobago. 
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Within the 1980s the fortunes of member states varied between the 
LDCs and the MDCs. The MDCs during the first half of the 1980, experienced 
performance ranging from -1 per cent In Barbados to -6.9 per pent in Guyana. 
By the end of the 1980s and 1990, the decline had slowed or some growth 
was experienced. This contrasted with the LDCs who showed sustained growth 
ranging from 3-6 per cent per annum. The economics are all open ones with 
exports representing about 60 per cent of the GDP. 

Unemployment rate la officially listed at about 20 per cent for all 
member states. However, there la the phenomenon in some member states 
of shortage of agricultural labor, particularly skilled labor as In 
St. Kitts. 

The economists suggest that this diverse and variable economic growth 
pattern could be attributed to the following factors inter alia: interna-
tional economic developments which wreak havoc on asiall economies such as 
ours; availability of external funds; volatility in the key commodity 
markets; and natural disasters and Inadequate resources to effect repairs 
once they occur. 

I wish to suggest that these factors remain Important and are likely 
to continue to be so for the greater portion of this decade. They would 
therefore Impact on the success of Investments. Por example, we are all 
aware of the convulsions In Eastern Europe and the apparent demise of closed 
economies, the introduction of a single market In Western Europe, and the 
uncertainty Chat this has imposed on the future of CARICOH's two major agri-
cultural exports. There has alao been the establishment of other major 
trading blocks such as those in North America. 

With the removal of ideological differences, the region's strategic 
importance has become limited and the richer countries have become out-
wardly arrogant in informing us as to how their funds shall be used while 
at the same time annoincing that they have fewer funds available for us. 
That Is, the inflow of funds that the region dependa on will be substan-
tially reduced and these funds are unlikely to be concessionary. 

What does all of this have to do with agricultural Investments and 
sustainable agricultural development? You will recall that my earlier 
premise was that sustainable agricultural development as defined by the 
WFP can only be achieved if the quality of life is maintained or improved. 
Further, it la clear that within CAR1C0M this quality of life could be 
under threat. Accordingly, Investments must be utilized, without exception, 
to assist in the maintenance of this quality of life, or at worst, not put 
a burden on it. 

MAJOR CHARACTERISTICS OF INVESTMENTS TO PROMOTE SUSTAINABILITY 

Firstly, these investments should be aimed at (a) improving the 
productivity of the traditional export crops either through higher yields 
for existing products or diversifying the range of products obtained, 
and (b) Increase the production of non-traditional commodities for both 
exports and local use. That is, these commodities must earn and save 
foreign exchange. 
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Secondly, Investments In the production areas must be done by the 
private aector. However, alnce the traditional private sector appears 
generally to be still concerned primarily with trading activities, assist-
ance will be required. 

Thirdly, government Investments must be in areas that would facili-
tate production. These Include Infrastructure (both physical and Institu-
tional), education, and research. However, I would caution that these 
activities must be severely prioritized, with emphasis being given to 
these which would result in short- and medium-term benefits. 

Fourthly, investments in production activities should be primarily in 
small- and medium-scale projects with efficient, flexible organizations 
and decision-making procedures but adequate internal controls. The 
exceptions would be some processing and marketing activities whose profit-
ability may be enhanced by scale. 

Fifthly, the Investments must be in projects that are, at worst, self-
sustaining and preferably showing a rate of return in exceaa of acceptable 
Interest rates. In some cases, e.g., marketing infrastructure, grant or 
concessionary capital may be initially required but thereafter they must 
be self-financing. 

Sixthly, the inveatmente should build on technologies and/or prac-
tices that have been commercially proven or almoat proven within the 
region or under similar economic and edaphlc conditions. This Implies 
that investment preference will be given to projects that require expan-
sion and/or modernization. 

Seventhly, the Investmente ahould be In projects that do not require 
considerable external support for their financial success. In the case 
of government concessions, the Investment must not be made until these 
are legislated, if necessary. 

Finally, the investments must be in projects that are needed by the 
people concerned and the objectives must be well understood. A good gauge 
of Involvement Is the level of physical i.nd financial commitment, although 
recently physical or "sweat" commitment is becoming less acceptable. 
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RESPONSE OF SELECTED H E U S TO IMPROVED PRODUCTION PRACTICES 

C. D. Collingwood, S.M.A. Crossman, 
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Agricultural Experlnent Station 

Klngshlll St. Croix, U.S. Virgin Islands 00850 

ABSTRACT 

Three field experlaents were conducted on herbs using basil (Oclnum 
basillcum), oregano (Coleus aromatlcus), and thyae (Thymus vulgaris) to 
determine the yield response of herb species to fertilizer applications, 
irrigation methods, and mulching. In the first experiment, Ν fertilizer 
was applied to oregano at 0, 50, 100, and 200 kg/ha. In the second experi-
ment, basil was fertilized with 0, 38, 75, and 113 kg N/ha In combination, 
with 0, 13, and 25 kg P/ha. Mlcronutrlents in the fora of Micro-Max R were 
added at the rate of 34 kg/ha to the treataents with 0-0-0, 75-13-0, and 
113-25-0 N-P-K (kg/ha). The third experlaent determined the effect of two 
irrigation methods (drip vs. sprinkler), two irrigation rates (40 vs. 60X 
Pan ET), and mulching on yield and minimum water requirement of thyme. 
Fresh and dry matter yields or oregano leaves were significantly increased 
by Ν application of 100 to 200 kg/ho. There were no significant yield 
differences between treatments suggesting that 50 and 100 kg/ha aay be 
the ainimua and optlaua Ν rates, respectively, for oregano production. 
No distinct pattern on yield was observed for basil receiving various com-
binations of Ν, P, and alcronutrlents. For thyae, treatments with drip 
irrigation of low (40Z Pan ET) and high (60Z Pan ET), both without mulch 
were superior in yield to other treatments. The ainlaua water requirement 
of thyme appeared to be 40Z Pan ET. 

INTRODUCTION 

Herbs and species are fast becoming major cash crops for saall farmers. 
This trend has allowed faraers with small landholdlngs and Halted re-
sources to compete for their share of the Increasing herb and spice market. 
The herb and spice industry In the United States annually Imports in 
excess of 208,698 tons of herbs valued at more than $439 million. Basil 
(Oclmum basillcum), oregano (Coleus aromatlcus), and thyme (Thymus vulgaris) 
are among the eight most valuable imported herbs in the U.S. herb and spice 
Industry. In 1987, 8000 metric tons were Imported with a value of more 
than $10,000,000 (Larsen, 1987). The major exporters of herba to the 
United States are the Mediterranean,, South America, Egypt, and Central 
America. Most of these herbs and spices are harvested from the wild 
where their populations are declining. As the production of wild herbs 
continues to decline, there Is a need to increase commercial production. 
Domestic commercial production in the U.S. has been unable to keep up with 
demands. The paucity of scientific Information on the cultural practices 
of growing herbs will definitely be a limiting factor in Increasing herb 
production. There is potential in the Caribbean for production of herbs 
and spices to help meet the demands of the growing world aarket. To 
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increase herb production, there are some major concerns which must be 
addressed. Fertilizer and irrigation requirements, harvesting techniques, 
and weed and pest control should be determined. 

A series of experiments were,therefore, conducted to obtain informa-
tion on fertility requlrementa for basil and oregano and irrigation require-
ments for thyme. 

MATERIALS AND METHODS 

These studies were conducted at the University of the Virgin Islands 
Agricultural Experiment Station on St. Croix. The soil series is a Fredens-
borg clay loam which consists of well drained soils formed over limestone 
or marl (Rivera el al., 1970). The annual average rainfall Is 113 cm and 
the average annual temperature ia 26®C (Jordan, 1975). 

Experiment 1. Response of Oregano to Nitrogen Application. 

A field experiment was conducted to evaluate the response of oregano 
to varying rates of nitrogen. Initially, oregano stem cuttings were grown 
in DYNA-FLATS containing a commercial mixture of sphagnum moss and ver-
micullte (Pro-Mix) for three months to increase planting materials. Sub-
sequently, a field experiment waa established in October 1988 using stem 
cuttings. Plot size was 1.8m χ 2.7m, with three rows spaced 0.6m apart. 
Spacing within rows was 0.3m. The treatments were arranged in a randomized 
complete block design with three replications. Urea (46% N) waa applied 
to provide rates of 0, 50, 100, and 200 kg N/ha. Phosphorous and potassium 
were applied at rates of 25 kg and 50 kg/ha, reapectlvely, across all Ν 
treatments. The urea was applied by hand, half at planting and half at 60 
days after planting. Micro sprinklers were used for supplemental irrigation. 

Harvesting, 111 days after planting, was done by cutting plant stems 
with hand shears approximately 15 cm above the ground. Marketable leaves 
were separated from the cut stems, weighed, and dried in an oven at 70*C 
to a constant weight. 

Experiment 2. Response of Basil to Nitrogen. Phosphorus and 
Mlcronutrients. 

A field experiment was conducted to determine the response of basil 
to different levels of nitrogen, phosphorous, and mlcronutrients. The 
application rates were four levels of nitrogen (0, 38, 75, and 113 kg/ha) 
ane three levels of phosphorous (0, 13, and 25 kg/ha). A mlcronutrients 
formulation (MICRO-MAX) containing 15% S, 12% Fe, 2.5% Μη, 1% Zn, 0.57. Cu, 
0.1% Β, and 0.005% Mo was applied at a rate of 34 kg/ha to three additional 
fertilizer treatments (0-0-0, 75-13-0, and 113-25-0). The experiment was 
arranged in a randomized complete block design with 15 treatment combina-
tions replicated four times. Plot size was 1.2m χ 1.2m with four rows per 
plot. Plant spacing was 0.3m within rows and between plants. Fertilizer 
was manually applied to each plot In two equal applications, one at trans-
planting and the other four weeks after transplanting. Micro-sprinklers 
were used for supplemental Irrigation. 
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Basil plants were harvested at the early bloom stage by cutting plant 
stems 15cm above the ground level. At harvest, total fresh weight was 
recorded after which marketable leaven were separated from stems and weighed. 
Sub-samples of leavea and atems were oven dried at 70«C to a'constant weight. 

Experiment 3. Effect of irrigation Methods and Rates on Yield of 
Thyme. 

A field experiment waa conducted to determine the effect of two irri-
gation ratea and two irrigation methods on the yield of thyme. The drip 
Irrigation method (with and without black plastic mulch) and a micro-
sprinkler method were compared at Irrigation rates of 40 and 60 per cent 
pan evaporation. Seeds were sown In Speedling traya and kept in a green-
house environment for 45 days before transplanting. Plot size waa 1.5m 
χ 3m, with rows 0.75m apart, and plants 0.20m within rows. The experiment 
was arranged in a randomized complete block design with six treatments 
and three replications. At harvest, plant atema were cut with pruning 
shears approximately Bern above the ground level, and total fresh weight 
was recorded. 

RESULTS AND DISCUSSION 

Experiment 1. Oregano. 

Fresh weight yields of 45.6 t/ha and 44.3 t/ha were obtained from the 
100 and 200 kg N/ha treatments, respectively (Table 1). Theae yields were 

Table 1. Effect of nitrogen application on oregano leaf production 

Leaf yield (t/ha) 

Fresh wt. Dry wt. 

37.4« 1.8· 
411.4ab 2.0ab 

43.6b 2.2b 

44.3b 2.lb 

Fertilizer 
treatment 
(Kg N/ha) 

0 
50 

100 

200 

Means In any column with the same superscript were not significantly dif-
ferent (P<0.05) as determined by Duncans Multiple Range Test. 

significantly higher than the yield from the control (0 kg N/ha). Dry 
weight yield followed the same trend as the fresh yield with significant 
differences ocurring between the control and the 100 and 200 kg N/ha treat-
ment (Table 1). The data seem to suggest that yield of oregano increased 
with increasing nitrogen application up to 100 kg N/ha. There was no addi-
tional benefit to Increased Ν application to 200 kg/ha'*1. 
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Experiment 2. Basil. 

The data showed no consistent results with Increasing fertilizer 
rates. Application of nitrogen did not produce yields which were signifi-
cantly higher than was obtained from the control (0-0-0) treatment. The 
highest fresh weight yield was obtained when phosphorous was applied at 
the low rate without nitrogen and mlcronutrlenta (Table 2). 

Table 2. Effect of varying levels of nitrogen and phosphorous on 
total and leaf yields. 

Fertilizer Total Leaf Leaf treatment 
kl D if fresh wt. fresh wt. dry wt. 

(kg/ha) (t/ha) (t/ha) (t/ha) 

0-0-0 29.7t>C 13.8«bc 1.6abc 
O-O-O+m 35.8«bc 18.3"bc 1.8abe 
0-13-0 57.5· 20.9· 2.8a 
0-25-0 34 . 2bc 14.7-bc I.Babe 
38-0-0 40.3"bc I7.6abc 2.2ab 
38-13-0 30.7bc 12.2abc 1 .4bc 
38-25-0 49.tab 20.leb 2.4a 
75-0-0 30.7»>c 14.8abc 1 .7abc 
75-13-0 36.7«bc 14.9abc l . e a b c 
75-13-O+m 25.0C 11.3bc 1.3bc 
75-25-0 26.3bc 9.7e l . l c 
113-0-0 33.6bc 15.2«bc 1.8abe 
113-13-0 35.iebc 14.6«bc l.6abc 
113-25-0 28.5bc 1 I . 3 b c l.3bc 
113-25-0+m 34. 5· he 14.l®bc l.7abc 

Mean:! In any column with the same superscript were not significantly 
different (P< 0.05) as determined by Duncan's Multiple Range Test. 
M: mlcronutrients added to treatment. 

Further fertility studies are necessary in order to clarify the results 
of this experiment. 

Experiment 3. Thyme. 

The highest yields were obtained In the drip Irrigation treatments 
without mulch at the low and high irrigation rates (Table 3). These yields 
were significantly higher than the yields in the low rate sprinkler treat-
ment and the low rate drip treatment plus mulch. 

Fungal diseases were observed In the thyme plots, particularly in the 
mulched treatments. Inadequate soli drainage and wetting of foliage in 
the late afternoons provides a favorable environment for the promotion of 
fungi (Tucker and Maclarello, 1990). This may explain the low yield in 
the mulched plots. In addition, the use of drip irrigation without plastic 
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Table 3. Effect of two methods of Irrigation and 
on yield of thyme. 

two Irrigation rates 

Treatment 

Fresh weight of 
thyme foliage 

(t/ha) 

Sprinkler, low rate'' 2.3bc 
Sprinkler, high rate2 

Drip, low rate 4.0· 
Drip, low rate plus mulch 1.5C 

Drip, high rate 4.2e 

Drip, high rate plus mulch 2.6 a b c 

Means In any column with the same superscript were not significantly 
different (P< 0.05) as determined by Duncan's Multiple Range teat. 

*Low rate - 40% pan evaporation. 
High rate • 6OX pan evaporation. 

mulch allows farmers to better shape the thyme plants. This practice is 
known from practical experience to imcreaae thyme production. 

CONCLUSIONS 

These preliminary studies indicate that nitrogen fertilizer increased 
oregano production but did not Increase basil production. Studies done 
by Angel et al. (1989) showed that basil production increased when nitrogen 
and potassium were increased. Thyme is very sensitive to waterlogging, 
this condition promoting the development of fungal diseases. These studies 
showed that increased thyme production is affected by the use of plastic 
mulch and micro-sprinklers. 

The production of herbs can be « very profitable business for small 
farmers. However, In order to be successful, the appropriate technology 
and cultural practices must be developed. 
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ABSTRACT 

Thyme (Thymus vulgaris) plants grown In field plots were evaluated for 
response to nitrogen fertilizer (applied as urea) at levels of 0, 56, 112, 
169, and 225 kg N/ha. The fertilization rates were divided into three equal 
applications, the first after transplanting and the others following the 
first and second harvests. The highest yield of fresh and dry thyme for 
the first harvest was obtained for the 112 kg N/ha treatment but these 
yields did not differ significantly from the yields of the 56 and 169 kg 
N/ha treatments. There was a drastic decline in yield of fresh thyme for 
the 112 kg N/ha treatment in the second harvest (4.7 t/ha) when compared 
to the first harvest (10.0 t/ha). Cumulative fresh and dry matter yields 
for the three harvests showed that the 112 and 169 kg N/ha treatments were 
superior to the 0 kg N/ha treatment. 

INTRODUCTION 

In recenty yeara the herb Industry has become a booming business. An 
people become more health conscious their diet reflects the Increased use 
of fresh vegetables, white meat, low.fat, low eodium, low cholesterol, and 
ethnic recipes. This has created an increase in the demand for herbs to 
flavor these dishes (Larsen, 1988). 

The United States is the World's largest Importer of herbs, mostly 
from the Mediterranean, Africa, and Latin America. In 1987, the U.S. 
Imported 208,698 metric tons of herbs with a value of $439 million (Anon., 
1988). Domestic U.S. production Is presently only a small percentage of 
consumption, but has been lncreaalng. 

The unpredictability of both supply and prices has forced major U.S. 
processors to look for alternative sources of herbs (Kebede, 1988). Farm-
ers In the Caribbean area should see this as a favorable sign to encourage 
them to obtain a share of this promising new enterprise. 

Herbs are ideal alternative crops adapted to small plot production 
without sophisticated machinery. They can be marketed in a number of ways 
allowing greater market flexibility. Compared to temperate climates, the 
lack of a winter season provides a significant advantage for year-round 
production in the Caribbean and close proximity to the U.S. offers an 
opportunity to supply a lucrative export market. 

Production of herbs in the Caribbean is traditional and encompasses 
a broad spectrum of genotypes. Of the many types successfully grown in 
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the U.S. Virgin Islands, basil (Oclum basillcum), thyme (Thymus vulgaris), 
rosemary (Rosmarinus officinalis^"! sweet marjoram (Origanum marjorana) , 
chives (Allium schoenoprasum), parsley (Petrosellnum crlspum),celery 
(Aplum graveolens), and recao (Erynglum foetldum) are the most visible 
in the market place. Thyme Is one of the most versatile and widely used 
herbs. Its sharp, aromatic flavor adds distinction and quality to almost 
all savory dishes. Thyme can be marketed fresh or dried. Its many uses 
include culinary, medicinal, cosmetic, domestic, fragrance, teas, baths, 
landscape plants, and bridal bouquets. Thyme Is also among the top eight 
herbs with the largest import volume. In 1987, 1270 tons of thyme were 
imported in the U.S. (Larsen, 1988). 

There Is little documented research information on fertilization, irri-
gation, pest control, and other biological and environmental factors that 
affect herb production. While herbs are commonly believed to repel pest, 
many destructive Insects and diseases cam be found on thyme plants in the 
field. There is also a lack of registered pesticides available for weed, 
Insect, and disease control. Fertilizer rates for thyme and most herbs 
have been based on other leafy vegetables. Fertility recommendations 
should be based on proper soli analyses and the specific needs of the crop 
(Simon, 1987). 

This study was conducted to obtain information on appropriate rates 
of urea nitrogen fertilizer application for optimum thyme production. 

MATERIALS AND METHODS 

The study was conducted at the University of the Virgin Islands Agri-
cultural Experiment Station on St. Croix. The soil is a Fredensborg clay 
loam. This series consists of well dralmed soils formed over limestone or 
marl (Rivera et al., 1970). 

Thyme plants were started from seed planted during June 1990 In potting 
mix contained in Speedling trays. Plants were removed from the greenhouse 
45 days later and transplanted into the field in August 1990. Plot size 
was 0.9 m χ 2.4 m and consisted of three rows 0.3 m apart. Plants were 
spaced 0.2 m within rows. The experimental design was a randomized com-
plete block with four replications. Urea was applied to the plots by 
banding in amounts to provide 0, 56, 112, 169, and 225 kg N/ha in three 
equal applications. The first application was made after transplanting. 
The other two applications followed the first and second harvests. Phos-
phorous and potassium were applied at rates of 50 and 30 kg/ha, respec-
tively. Micro-irrigation was applied to all treatments using drip-strip 
(Hardie Irrigation) tubing. 

Thyme plants were harvested every three months, with the first harvest 
made at three months after transplanting. Ten plants were harvested from 
the center row of each plot using pruning shears. Plant stems were cut 
at 6-7 cm above ground level. 

Total fresh weight of the harvested materials was recorded. Sub-
samples were oven dried at 708C to a constant weight for dry matter 
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determination. Leaf dry matter was also recorded for the second and third 
harvests. Statistical analysis of yield data was performed using SAS 
General Linear Models procedure (SAD Institute, 1988). 

RESULTS AND DISCUSSION 

First Harvest. 

The data from the first harvest (Table 1) show that yield increased 
with increasing levels of nitrogen up to 112 kg/ha. There was no change 
in yield for treatments above 112 kg N/ha. Both fresh and dry weights of 
thyme were highest for plots that received 112 kg N/ha. These yields were 
significantly different from the control plots (no nitrogen) and the 225 
kg N/ha treatment. Fresh and dry weights decreased at the highest nitrogen 
level (225 kg N/ha). 

Table 1. Yield of thyme (first harvest) in response to varying levels 
of applied nitrogen. 

Fertilizer 
treatment 
(kg N/ha) 

Fresh wt. 
(t/ha) 

Dry wt. 
(t/ha) 

0 5.8 c l.6c 

56 7.7«bc 2.2"bc 

112 10.0« 2.9« 
169 9.2ab 2.7®b 

225 6.8bc l - 9bc 

Means in the same column with the same superscript are not signifi-
cantly different (P<0.05). 

Second Harvest. 

There was a noticeable decrease in thyme yield for treatments receiving 
50 and 112 kg N/ha during the second harvest (Table 2). The 112 kg N/ha 
treatment produced lower fresh and dry matter yields than all other treat-
ments including the control. The lower yield from the treatment receiving 
112 kg N/ha suggests that regrowth could be suppressed following removal 
of excessive vegetative growth. Harvesting Intervals may have to be 
adjusted to prevent excessive vegetative growth. Yields from the other 
treatments were similar to those from the first harvest. The highest 
yield was obtained from the treatment fertilized with 169 kg N/ha (Table 2). 
The production of dried leaves followed a pattern similar to the fresh 
and dry matter yields. 

Third Harvest and Total Yield. 

Treatments receiving 112 and 169 kg N/ha had the highest yields of 
the third harvest (Table 3). More than 10 t/ha of fresh thyme were produced 
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Table 2. Yield of thyme (second harvest) 
of applied nitrogen. 

in response to varying levels 

Fertilizer treatment 
(kg N/ha) 

Fresh wt. 
(t/ha) 

Dry wt. 
(t/ha) 

Leaf dry 
matter 
(t/ha) 

0 7.0«b 2. l'b 1. 3 a b 

56 6.iab l.eah l.iab 

112 4.7b l.4b 0.9h 
169 8.6' 2.8® 1.7« 
225 8.l«b 2.4*6 i.4ab 

Means in the same column with the same superscript are not signifi-
cantly different (P<0.05). 

Table 3. Yield of thyme (third harvest) in response to varying levels 
of applied nitrogen. 

Dertlllizer treatment 
(Kg N/ha) 

Fresh wt. 
(t/ha) 

Dry wt. 
(t/ha) 

Leaf dry 
matter 
(t/ha) 

0 5.3b 1.7b 1.0b 

56 7.9ab 2.9ab 1.4b 

112 12.7a 4.7a 2.5» 
169 ll.oab 4.0ab 2.0ab 

225 7. lab 2. 5 a b 1.4b 

Means in the same column with the same superscript are not signifi-
cantly different (P<0.05). 

from these treatments. The best yield was obtained from the treatment 
which received 112 kg N/ha. Production for this treatment Increased 
dramatically in the third harvest (12.7 t/ha fresh, 4.7 t/ha dry) when 
compared to the second harvest. In fact, the dry matter produced for 
the 112 kg N/ha treatment In the third harvest was equal to the fresh 
weight of time obtained from the same treatment in the second harvest. 
The 112 kg N/ha treatment produced significantly more dried leaves than 
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all of the other treatments except the 169 kg N/ha rate. The dry weight 
yield followed a similar trend to fresh weight. 

The cumulative thyme production weight from all three harvests 
(Table 4) was significantly higher in treatments receiving the 112 kg N/ha 
(27.3 t/ha fresh, 9.0 t/ha dry) and 169 kg N/ha (28.7 t/ha fresh and 9.5 
t/ha dry) than in the treatment receiving 0 kg N/ha (18.0 t/ha fresh, 5.4 
t/ha dry). 

Table 4. Total yield of thyme in response to varying levels of applied 
nitrogen. 

Fertilizer treatment 
(kg N/ha) 

Fresh wt. 
(t/ha) 

Dry wt. 
(t/ha) 

0 18.0»> 5.4b 
56 21.6«b 6.8ab 

112 27.3« 9.0« 
169 28.7« 9.5« 
225 22.0«»> 6.7«b 

Means in the same column with the same superscript are not signifi-
cantly different (P<0.05). 

Thyme la a perennial plant and this study has shown that good produc-
tion can be successfully obtained from auccessive harvests of fertilized 
field plots. This study is an important first step in improving thyme 
production practices in the Caribbean. The results clearly indicate that 
thyme should be fertilized with nitrogen to increaae yield. Nitrogen ap-
plication rates of 112 or 169 kg N/ha are needed to significantly increase 
production. 

Work In Israel has demonstrated similar results. The fertilization 
of young seedling significantly Increased the fresh yield of thyme after 
7-10 days when compared to seedlings which were not fertilized (Putlevsky, 
1990). 

The yields obtained in this trial are comparable to yields from other 
thyme producing areas. Spain, the main producer of dried thyme leaves, 
has an annual production of 2000 tons. There a yield of 8.0 t/ha of dried 
product was reported (Verlet, 1989). Yields of dried leaves in our trials 
ranged from 0.9 to 2.5 t/ha per harvest. Thyme production of 6.52 t/ha 
(fresh) and 3.18 t/ha (dry) has been reported for Indiana, U.S. (Simon et 
al., 1989). The per cent dry matter (49%) yield in Indiana is superior 
to the range of 30-33 per cent obtained from our trials. 

There are many other factors of thyme production that require research. 
These include application rates of various forms of nitrogen, Ρ, K, and 
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mlcronutrients (especially In our high pH soll). Irrigation rates and 
methods. Pest and disease problems also need priority attention for re-
search. Frank et al. (1987) reported that pest problems have caused 
severe economic losses in herbs, spices, and medicinal plants, where few 
chemical pest control methods are available. The fluctuations in yield 
of thyme between harvests for the high yielding treatments suggest the 
need for further studies on harvesting methods and intervals. 
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SILAGE PRODUCTION FROH CRASS-LEGUME SYSTEMS IN THE CARIBBEAN 

Μ. Β. Adjei 

Agricultural Experiment Station 
University of the Virgin Islands 

St. Croix, U.S.V.l. 00850 

ABSTRACT 

Livestock production In the Caribbean Basin is largely based on grazing 
native pastures. However, alternate wet and dry seasons lead to an abun-
dance of feed during ghe rainy season and acute feed shortages during the 
dry season. Forage from grass-legume systems that is produced in the 
rainy season and stored as silage prolvdes an option for overcoming the 
dry season feed constraint to livestock performance. The yield, quality, 
disease resistance, and silage pH of forage from monocultures of three sorghum 
varieties and a millet-elephantgrass hybrid were compared with those from 
alley-cropping systems with native legumes (Leucaena leucocephala and 
Desmanthus vlrgatus). Total (grass + legume^ dry forage yield from two 
harvests was not affected by cropping system in the initial year. The high-
est yield for sorghum was obtained from Puerto Rico 5BR forage sorghum 
(PR5BR) (6.4 tons per acre (T/A) compared with 5.6 T/A each from Dekalb 
forage sorghum (FS25A) and Haygrazer sudangrass. About 7 T/A total dry 
forage of the millet-elephantgrass (H-E) hybrid was produced in monoculture 
and 5.5 T/A in mixed cultures (P<0.05). It also provided two additional 
harvests of 1.5 T/A each during the dlry season. Legumes contributed approxi-
mately 10Z of the total dry forage ira the mixed-cropping ystems. Crude 
protein (CP) concentration (8.18%) and in vitro organic matter digestibil-
ity ( IVOMD) (603;) of forage was similar for all grasses and was not affec-
ted by cropping system. Despite its shrubby morphology, forage quality of 
Leucaena (21.7Ζ CP and 60Z IVOMD) wasi consistently superior (P< 0.01) to 
that of Desmanthus (14.2Z CP and 45Z IVOMD). The head/stover ratio was 
highest for PR5BR (40:60) and least for M-E hybrid (13:87). Dekalb FS25A 
was the most susceptible, and PR5BR und M-E hybrid the least susceptible, 
to sorghum rust and target spot. The pH of forage samples ensiled with 
(3Z) and without molasses addition for 90 days were 4.7 and 4.0, respec-
tively (P<0.05). The preliminary data Indicate a potential for selecting 
from available grasses to provide compatible grass/legume mixtures for 
silage. The ensilage procedure used can be modified to suit the small-
scale farmer. 

INTRODUCTION 

The livestock population in the Caribbean region consists of approxi-
mately 0.5 million cattle, 1 million sheep and 2.5 million goats (FA0, 
1984). Meat and milk are staple foods but, with few exceptions, supplies 
have fallen behind Increased demand. Livestock products and animal feeds 
are imported into many islands at great expense (Hoist and Whitelaw, 1980) 
and increased local production could readily substitute imports. 
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The ruminant livestock industry In the Caribbean Basin is largely sup-
ported by grazing native pastures which are dominated by guineagrass 
(Panicum maximum) and leucaena (Leucaena leucocephala) in productive areas, 
but by less desirable species such as hurricane grass (Bothrlochloa per-
tusa) and casha (Acacia spp.) in degraded sites. Alternate wet and dry 
•seasons characterize the climate of most islands. This causes severe 
seasonal feed deficiencies both in quantity and quality, which results in 
reduced livestock performance. On the U.S. Virgin Islands, for example, 
(the period of severe feed deficiency can extend from January to the end of 
April (120 d). 

Forage conservation either as hay or silage provides an option for 
resolving the dry season feed constraint. Ensilage aims at preserving fresh 
succulent forage by partial fermentation and is less dependent on weather 
conditions than hay production. The preservation of high moisture forage 
by ensiling is based on reduced pH under anaerobic conditions. A high 
hydrogen ion concentration prevents the adverse effects of microbes and 
plant enzymes. Together with anaerobiosis, an adequate supply of fermen-
table substrates, such as soluble carbohydrates in forage or a sugar addi-
tive, is a major prerequisite for preservation. In the past, sorghum 
(Sorghum spp.) silage produced under conventional tillage was used to 
stockpile forage for dry season supplement for dairy cattle in St. Croix 
(Conje and Padda, 1976). However, the concept of Incorporating native 
legumes in cropping systems to reduce fertilizer (Ismaill and Weaver, 1986; 
Atta-Krah and Kang, 1990) and pesticides (Caswell and Raheja, 1972; IRRI, 
1974; Hayward, 1975) inputs and improve protein content of conserved forage 
(Jones, 1979) has not been fully explored. Also greater attention needs 
to be paid to the quality of the conserved forage. 

In this investigation, three varieties of sorghum and a millet-
elephant-grass hybrid were evaluated for dry matter yield, seasonal forage 
distribution, forage quality, head/stover ratio, disease resistance and 
silage pH, both from mono- and mixed-cropping cultures with Desmanthus 
and Leucaena. Details of silage characteristics and nutritive value 
(ensilage phase) will be presented in a separate paper. The feeding value 
of the silage to sheep (Utilization phase) is presented elsewhere in these 
proceedings (Uildeus et al., 1992). 

MATERIALS AND METHODS 

Experimental design for the field study was a split randomized complete 
block with three replicates. Main plots consisted of three cropping sys-
tems: I) Desmanthus alleycrop, 2) Leucaena alleycrop, and 3) Crass mono-
culture. The subplots consisted of: 1) Dekalb forage sorghum hybrid 2SA 
(FS25A) , 2) Puerto Rico forage sorghum hybrid 5BR (PR5BR), 3) Haygrazer 
sudangrass; and 4) a millet-elephantgrass (M-E) interspecfic hybrid #1 
(Pennlsetum americanum (A line) χ P. purpureum). 

Double rows, 6.6 ft apart, of eigher Desmanthus of Leucaena were 
seeded at the rate of 5 lb/A, in the center of subplots measuring 16.5 χ 
20 ft, in early July 1990. Alleys be tween 6s tab1i shed 1egume hedgerows 
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were lnterseeded with grass varieties (3 rows each, 20 in interrow spacing) 
at a rate of 10 lb/A In late August. The remaining area of each subplot 
was seeded to the same grass variety to provide borders (Fig. 1). Crass 
monoculture was seeded at the same seeding rate and 20 in row spacing to 
cover the entire subplot. All grass rows were thinned to approximately 4 
in intrarow plant spacing when the grass reached 6 in high. Nitrogen from 
sulfate of ammonia, phosporus from triple superphosphate and potassium from 
sulfate of potash were applied at a rate of 54-36-54 (N-P2O5-K2O) lb/A soon 
after thinning. Weeds between the rows were controlled with one application 
of gramoxone (paraquat) at the rate of 1 qt/A. No irrigation water, insec-
ticides or fungicides were applied to any of the crops. 

The main foliar diseases encountered in St. Croix were target spot 
(Blpolarls sorghicola) and sorghum rust (Pucclnla purpurea). Whole plants 
were visualy rated on a scale of 0 to 5 for insect and disease damage on 
the leaves when sorghum was at the soft dough stage of maturity. Zero 
rating represented complete absence of leaf lesions; 0.5, very slight infec-
tion, one or two restricted lesions on lower leaves; I, slight infection, 
a few scattered lesions on lower leaves; 2, light infection, moderate 
number of lesions on lower leaves; 3, moderate Infection, abundant lesions 
on lower leaves and few on middle leaves; 4, heavy infection, lesions abund-
ant on lower and middle leaves and extending to upper leaves; and 5, very 
heavy infection, lesions abundant on all leaves. 

The Initial crop was harvested in mid-November when sorghum was at the 
soft dough stage of maturity. To reduce border effects in yield assessment, 
an area 10 ft long and 6.6 ft wide from the center of each subplot was har-
vested. The havested width was made to intercept one legume and three grass 
rows for alleycrops and four grass rows for monocrops (Flg. 1). The other 
legume row was used to mulch the alley of mixed cultures. Total green 
weight was measured separately for grass and legume components. Subsamples 
of each conponent were dried, weighed, ground and analyzed for crude protein 
(CP) concentration (Gallaher et al., 1975; 1976) and In vitro organic matter 
digestibility (IVOMD) (Moore«tal., 1972). 

Approximately 15 lb of fresh subsamples from each harvest were hand-
chopped (0.5- to 1-ln pieces) and ensiled with or without the addition of 
3% molasses In sealed 5-gal plastic buckets. Molasses were dissolved in an 
equal weight of water to facilitate thorough mixing with chopped plant, 
material before ensiling. Chopped forage was hand-packed into the buckets, 
covered with a 6 mil plastic sheet and then sealed with a plastic bucket 
lid. Silage fro each bucket was thoroughly mixed after 90 days of storage 
and sanpled for pH and quality analyses. 

All plots were cut back to a 6-in stubble after the initial harvest 
and grasses were given a second application of 24 lb/A N. A second (ratoon) 
crop was harvested at the end of January 1991. 

Data were subjected to analysis of variance and means were separated 
using Duncans New Multiple Range Test. 
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Figure 1. Plot arrangement of legume hedgerows 
and grass rows with an Indication of 
area harvested for yield. 
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RESULTS AND DISCUSSION 

Forage yield. 

Dry forage yield of sorghum varieties from the initial harvest averaged 
3.9 T/A compared to only 2.9 T/A for the M-E hybrid (Fig. 2(1). The M-E 
hybrid, the only perennial grass, was slow to establish, resulting in a 
lower (P<0.05) initial yield. Yield of the second harvest was highest 
(P<0.05) for the M-E hybrid (2.8 T/A) and lowest for FS25A. The FS25A 
exhibited the poorest ratooning ability; yield in the second harvest was 
only 30% of Initial yield. By comparison, second harvest yield was 49, 57 
and 97% of yield from initial harvest for Haygrazer, PR5BR and the M-E 
hybrid, respectively. Additionally, the grasses performed differently at 
each harvest under the various cropping systems. Yield of grasses such as 
PR5BR and Haygrazer was not affected by cropping system in the establish-
ment year (Fig. 2(1)), because of compensatory growth in size of plants in 
the mixed cultures. However, the initial forage yield of FS25A and both 
the initial and ratoon yields of the M-E hybrid obtained from monoculture 
system decreased substantially (P< 0.05) when alleycropped with legumes 
(Fig. 2(1)). The FS25A sorghum, In addition to poor ratoon ability, also 
had low germination and poor stands, allowing greater competition from 
legumes, initially. Slow establishment of the perennial M-E hybrid allowed 
greater legume competition which reduced yield of that grass under the alley-
cropping system compared to its monoculture. However, as a perennial, this 
grass produced two additional harvests of 1.5 T/A each during the dry season. 
A fifth harvest was expected before the next regular growing season. 

Yield from the legumes during the establishment year was generally low. 
It ranged from 0.1 to 0.8 T/A for the first two harvests depending on the 
associated grass variety (Fig. 2(2)). The initial legume yield was lower 
(P< 0.05) when grown with aggressive grasses such as PR5BR or Haygrazer 
as compared with FS25A or the M-E. Also, the initial forage production 
from Desmanthus was greater (P< 0.05) than from Leucaena, which is well 
known for low establishment (Proverbs, 1985; Paterson, 1990). There 
were no major differences observed in legume yield attributable to grass 
variety for the second harvest (Fig. 2(2)), since legume recovery rate 
following harvest was generally slower than the grasses. The overall 
average legume dry forage yield was 7 to 10% of the grass yield. It will 
be determined from silage analyses whether inclusion of legumes at such a 
low level is sufficient to improve silage quality. 

Cumulative total (grass + legume) yield from the two harvests averaged 
across cropping systems was 5.6 T/A for Dekalb FS25A sorghum and Haygrazer 
sudangrass but 6.4 T/A (P< 0.05) for PR5BR forage sorghum (Fig. 3). About 
7 T/A dry forage (2 harvests only) was obtained from the monoculture of the 
M-E hybrid as compared with 5.5 T/A (P< 0.05) from its alleycrops with 
legumes. Production by sorghum varieties in this study was comparable to 
their performance in Puerto Rico (Méndez-Cruz et al., 1990). 

Forage Quality. 

The CP conncetration (8.17%) and IVOMD (60%) of grasses were not 
affected (P >0.05) by association with legumes during the first cropping 
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Figure 2. Diy m a l l e r yield of g r a s s ( l ) and legume (2) c o m p o n e n t s from 
various cropping systems in a November and January harvest in SI. 
Croix. (FA = 0«kalb FS25A; PR = Puerto Rico 5BR; HR = Haygrazer; and ME = 
Mitlet-elephantgrass hyorid). Bars within a g r a s s variety with the s a m e 
letter are not significantly different at P=0.05. 
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Figure 3 Cumulative total (grass + legume) dry matter yield 
f r om two harvests as influenced by cropping system and grass 
variety in St. Croix. Bars mthin a grass variety with the same 
letter are not significantly different at P=0.05. 
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year (Fig. 4). However, this trend is expected to change in subsequent 
years as mineralized nutrients from legume mulch become available to grass 
crops. Despste its shrubby morphology, the CP concentration (21.7%) and 
IVOMD (58%) of Leucaena was consistently superior (P<0.01) to those (14.2% 
CP and 45% IVOHD) of Desmanthus, irrespective of associated grass (Fig. 5). 
This Indicates the great potential of Leucaena for forage and alleycrop 
hedgerow within the Caribbean region. Our receet assessment suggests that 
the low IVOMD of Desmanthus is attributable to its high tannin content.1 

The head/stover ratio (dry matter basis) approximates the proportion 
of fermentable carbohydrates in the total grass forage and is an Important 
factor to consider when selecting varieties of sorghum or corn for silage. 
Head/stover ratio for sorghum varieties in the first harvest (Fig. 6) 
appeared to be inversely related to sorghum dry matter yield (Fig. 2(1)). 
The ratio was highest (40:60) for PR5BR Indicating the suitability of that 
variety for silage. The very low head/stover ratio for the M-E hybrid 
(Fig. 6) suggests that additives such as molasses may be required for proper 
ensilage. Preliminary data from pH analyses of silage samples seem to sup-
port that contention. The final pH of silage decreased (P< 0.01) from 4.7 
to 4.0 when molasses was added to the fresh material before ensiling. 

Diseases. 

Dekalb FS25A was the grass entry most susceptible to diseases. It suf-
fered moderate to heavy Infection of sorghum rust and target spot on lower 
and middle leaves during both the November and January harvests (Fig. 7). 
Infection of the initial crop of Haygra2:er sudangrass was slight, but 
moderate lesions occurred on lower leaves of the ratoon crop. The PR5BR 
and the M-E hybrid were the most disease-reals tant grasses. Incidence of 
sorghum diseases was completely Independent of cropping system during the 
first cropping year. 

CONCLUSIONS 

The preliminary data on yield, quality, head/stover ratio and disease 
resistance seem to favor Puerto Rico 5BF» forage sorghum as offering the 
greatest potential for alleycrop silage on St. Croix. The millet-elephant-
grass hybrid combined the advantages of perennlality (multiple harvests) 
with excellent disease resistance. It may be more suitable for a forage 
bank than silage because of its low grain production. The ubiquitous 
Leucaena appeared to provide a good legume germplasm for alley-cropping. 
However, the final determination of which grass/legume combination to 
recommend for silage will have to await long term yield, quality and animal 
performance results. 

^Albrect, K., Personal communication, 1991. 
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Figure 6. The ratio of reproductive to vegetative parts of 
grasses during a November and January harvest as influenced 
by cropping system in St. Croix. Bars within a grass variety 
with the same letter are not significantly different at P=0.05. 
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INNOVATIONS IN INTENSIVE SHEEP PRODUCTION 
IN TOBAGO 

P. Collins and M. J. Keens-Dumas 

CARDI,Tobago, and 
Blenheim Sheep Multiplication Project 

Tobago House of Assembly 

ABSTRACT 

The design of a slatted floor sheep pen suitable for small farmers Is 
described. This pen, which has been demonstrated at the Blenheim Sheep 
Multiplication and Research Project in Tobago, has gained wide acceptance in 
the farming community. The choice of forages and other aspects of manage-
ment associated with its use are described. 

INTRODUCTION 

Although the idea of using slatted floor pens for livestock Is not new, 
the demonstration of a pen incorporating this feature at the Blenheim Sheep 
Multiplication and Research Project (BMMRP) In Tobago has been Instrumental 
in increasing the interest in sheep production by small farmers. 

Farmers, many of whom are part time, have readily seen the advantages 
of this pen which include: security from praedlal larceny and dog attack; 
health benefits such as reduced endo-parasite burdens and decreased mortal-
ity rates; increased growth rates due to restricted energy usage. 

The "Blenheim-type" Slatted Floor Pen. 

The main features of this type of pen, shown in Figure 1, are the 
following: 

A slatted floor: 2.5 cm laths are used with a spacing of 1.5 cm 
between them for weaners and fatteners or 1.9 cm for adults. The slats 
are on (5 cm χ 10 cm) joists which should be no more than 76 cm apart to 
ensure the strength of the floor. 

Floor space of 0.4m2/animal is provided for ndult sheep or lambs which 
would be grown to market weight. 

Feeding troughs are placed along the outside length of the pen and 
watering troughs outside the ends of the pen with the sheep having access 
through the sides. 

Security is provided by covering the sides of the pen wi th 15cm2 welded 
steel mesh (BRC). 

The pen is usually roofed with galvanized iron but any other weather-
proof material could be used. 
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cure 1. The "Blenheim-type" slatted floor sheep pen (drawing by C.L. 
Archer). 



The pen is at least 0.6 η high and positioned on a slope in order to 
facilitate drainage and removal of dung fron below using simple hand-held 
scrapers. 

There is a non-skid ramp with a maximum gradient of 1:2.5. 

Such a pen (lSm?) has been In use as a demonstration at the BSMRP since 
1988 (Keens-Dumas, 1990) and to date 25 farmers are known to have Invested 
in this system. It Is estimated that about half of these have begun sheep 
production with this pen and half have intenaified an already existing 
system. A survey designed primarily ito define current use of forages was 
conducted under a European Development Fund (EDF)-funded project In March 
<af this year. Fifty-eight farmers weire randomly selected out of a total of 
160 for interviews. Of these, 17 used the "Blenheim-type" pen. The size 
of these pens ranged from 9.3 to 145 m? and they could hold between 20 and 
360 animals. 

The Choice of Forages. 

Information form the EDF survey (Table 1) indicates that farmers using 
the slatted floor system are making more use of improved erect grasses than 
other farmers, even though only two of them have forage choppers. Eleven 
of the 17 made use of roadside forages. Farmers using all types of systems 
appear to be aware of the value of gllricidia and a slightly higher percent 
age of farmers with slatted floor pens have begun to use leucaena. Other 
local trees such as manjack (Cordla collococca) and hog plum (Spondias 
mombln) are occasionally used. Crop residues are only used In 24 per cent 
of slatted floor pen systems, and only by 10 per cent using other systems. 

Table 1. Current use of forages and other feed for sheep production 
in Tobago 

Type of feed 
Slattered floor 

system (X) 
Other 
sys terns 

(X) 

Grasses 
Elephant (Pennisetum purpureum) 
Guinea (Panicum maximum) 
Pangola (Digitaria decumbens) 
African star (Cynodon sp.) 
Unimproved 

87 
80 
33 
2 

38 

63 
60 
42 
8 

43 

Legumes 
Cliricidia 
Leucaena 
Unidentified 

80 
18 
14 

78 
10 
28 

Other feeds 100 79 

Source: Survey conducted in March 1991 
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All intensive sheep producers and most of the others, however, still use a 
combination of feeds which includes expensive concentrates. Urgent atten-
tion, therefore, needs to be paid to Increasing the quantity and quality of 
forages and the use of indigenous feeds in order to replace this dependence 
on concentrates and improve financial returns. 

For several years farmers have been assisted with pasture Improvement 
by CARDI (originally through EDF funding) and the Division of Agriculture, 
Tobago House of Assembly. This activity has gained momentum with an 
increased interest in sheep production, particularly intensive sheep produc-
tion. Crass germplasm has been brought In from Antigua and more recently 
from the Sugarcane Feeds Centre (SFC) in Trinidad. These are being mul-
tiplied at three main sites for distribution to farmers. 

The forages which are being established in many slatted floor systems, 
with preliminary observations on their usefulness In the local situation, 
are described here. 

Crasses. 

Local elephant grass (Pennlsetum purpureum): One of the main advant-
ages of elephant grass is that it is already so widely distributed that 
planting material Is readily available. It is also nutritionally adequate, 
once properly managed, having 7.9 per cent crude protein at 6 weeks 
(Ualmsley et al., 1978). 

Taiwangrass (Pennlsetum purpureum): Taiwan Is an elephant grass selec-
tion with a wide pH tolerance (Garcia, 1990). It provides more vegetative 
material than the local variety. It Is less stemmy and does not flower 
under local conditions. It should maintain its nutritive value and be 
easier to manage as a chopping grass than local elephantgrass. 

Kinggrass (£. purpureum χ typholdes); Establishment and vegetative re-
growth of Kinggrass, even under dry season conditions, are impressive, it 
looks very similar to Taiwangrass but the leaves are hairy. This does not 
appear to affect palatabillty but has caused some discomfort to those cutting 
the grass. Analyses done In Cuba (Xande et al., 1985 , quoted by Garcfa, 
1990) show that crude protein (5.1-6.0 per cent, wet season; 5.2-8.0 per 
cent, dry season) and dry matter (13.7-23.8 per cent) values tend to be low. 
Our observations Indicate that total biomass production, particularly in 
the dry season, would compensate to some extent for low quality. 

Pennlsetum hybrid (1?. purpureum χ P. americanum) : The structure of 
the P̂ . purpureum χ americanum hybrid-grass makes it attractive. Small 
stems make it easier to chop in the field with less waste at the pen If no 
chopper is available. The leaves tend to spread laterally, keeping weed 
competition down. Nutritional values of this grass are good. In Trinidad, 
crude protein levels of 5-15 per cent and dry matter levels of 16-26 per 
cent are reported (Garcfa, 1990). Unfortunately this hybrid flowers easily 
under stress and under short-day conditions. Optimum production of vege-
tative material is only obtained between about May and October in Trinidad 
and Tobago. 
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Chrysopogon: This grass continues to hold a place in the selection 
program because of its excellent drought resistance, a growth habit that 
makes it suitable for soil conservation, and its convenient propagation by 
seed. It has the disadvantages of lower palatablllty than other grasses 
and a low nutrient content crude protein values of between 4.5 and 6.1 per 
cent over three cuttings were reported in India although this value went 
uip to 9.0 per cent just before flowering (Göhl, 1981). 

Forage Legumes. 

Cllricidia: This legume is abundant in Tobago. Farmers are encouraged 
to manage this by cutting back in October or November to maximize produc-
tion through the dry season. Although palatablllty problems have been 
encountered elsewhere, none nave been reported in Tobago. 

Leucaena: This is used more on government stations than on private 
farms at present partly because of the presence of glirlcidia as an alter-
native. Establishment has proved difficult unless weeds and bachacs (Atta 
sip.) are stringently controlled. 

Vining legumes: A Macroptlllum atropurpureum/Teramnus/Glyclne mix has 
been used. This needs very careful management under grazing conditions but 
has excellent persistence in cut and carry systeme. 

Production Costs. 

Capital costs for this system include the pen Itself (about TT$200/m2 
for the materials) and pasture establishment with associated fencing and 
irrigation, if possible. Forage choppers should be used but are proving 
difficult to acquire. The only forage chopper being retailed locally 
costs about TT$16,000. A few farmers are attempting, with difficulty, 
to import their own at about half that price or are trying to make cheaper 
models, for example by modifying a lawn mower. 

Data on the major variable costs derived from a batch of 44 fattener 
lambs grown at the demonstration site (BSMRP) are given in Table 2. The 
lambs were four-way crosses resulting from various combinations of West 
African, Barbados Blackbelly, Persian Blackhead, and Virgin Islands White. 
They were reared from weaning at approximately 2 months old, to market at 
approximately 10 months. Market prices and labor costs have been estimated 
as if for a private farmer. 

Elephant grass was chopped and fed on an ad lib. basis with concen-
trates (dairy ration) at a rate of between 0.22 and 0.45 kg/day depending 
on the size of the animal. This diet was supplemented occasionally with 
gliricidia. 

These data in Table 2 indicate that satisfactory returns would be ob-
tained using this system (TT$82/aniraal) especially taking into considera-
tion the fact that the animals were sold after the optimum date and that 
it should be possible to produce two batches per year. Savings were made 
on health care as only two wormings were required--monthly worming is a 
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Table 2. Costs and returns for rearing sheep (fatteners) using a slatted 
floor system in Tobago. 

TT$* 

Variable costs 

Total cost of lambs (308 kg @ $8.80/kg) 2,713 
Cost of concentrate (0.22 kg/animal/day for 4 mths 

0.45 kg/animal/day for 4 mths) 3,538 

Cost of medicines 85 

Labor 

Feeding (lOmd θ f60/day) 600 
Cleaning (6md β 460/day) 360 
Cut and chop grass 15md $60/d»y) 900 
Deworm (1/2 md β |60/day) 30 

Total variable costs 8,226 

Returns 

Sales (1,347 kg @ $8.80/kg) 11,855 
Net returns (variable costs - sales) 3,629 
Return/animal 82 *US$l-00 » TT$4.25 

common practice in other systems. Since labor costs are about the same 
whatever the number of animals in the pen, keeping the highest number of 
animals possible should maximize returns. It must be emphasized that some 
benefits cannot be given a monetary value, such as security and the ease 
of management. 

These figures highlight the facl: that the major cost is concentrate 
feed which indicates the need for technology transfer relating to more pro 
ductive use of legumes, other forages, and Indigenous feeds. To this end, 
farmers are being encouraged to make the most productive use of any land 
which is available to them. But in some casui Land may be a constraint 
even for forage bank establishment because at least 0.12 ha of forage bank 
under irrigation is required to maintain about 50 sheep (Paterson et al., 
1988). However, some farmers are using this system with much less land 
thau this and even if some forages are established, for them the use of 
roadside forages and purchases concentrates will remain a way of life. 
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CONCLUSIONS 

Sheep production in Tobago has Increased and will continue to do so in 
response to a high market demand. To some extent, development has preceded 
research. The need to supply forages rapidly has meant that grasses have 
been selected on the basis of preliminary observations. Further analysis 
of quality and performance under different management regimes Is required. 
Sheep farmers are eager to establish grass forages but more guidance Is 
needed In the managmeent of forage banks, especially the legume component. 
These areas will be addressed as part of two recently-Initiated regional 
projects--the EDF-funded Sheep and Goat Improvement Project and the Canadian 
International Development Agency (CIDA)--funded Sheep Production and Market-
ing Project. 
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ABSTRACT 

Dry season conditions are a major constraint to ruminant production in 
the Caribbean region, Uniting both pasture quantity and quality. Preserva-
tion of forage as silage under favorable growing conditions is one means of 
stockpiling forage for dry season use. This pilot study compared growth and 
intake by hair sheep lambs fed sorghum silage with those fed native pasture 
green chop (predominantly Panlcum maximum and Leucaena leucocephala). The 
silage samples were pooled from a sorghum variety/alley cropping trial, 
which were ensiled either with (3Z) or without the addition of molasses. 
Fifteen wether lambs were assigned to the 3 treatment groups (n»5) and group-
fed daily a diet of either green chop (GC), silage (S) or silage with molas-
ses (S+M) and coconut meal (CH) at S and IX of body weight on an as fed basis 
for 24 d following a 4-d adjustment period on a composite diet. Refusal of 
feedstuffs was recorded dally. Average dally gain was 110, 52 and 84 g/d 
for CC, S and S+M diets, respectively, and differences approached signifi-
cance (P=0.15). Roughage dry matter intake waa similar between treatment 
groups (263 to 287 g/d), but supplement Intake varied from 232 g/d (S) to 
364 g/d (GC). Total dry matter intake was 651, 495 and 550 g/d for CC, S 
and S+M, respectively. Despite the increased CM Intake by GC, the gain/feed 
ratio was higher (0.169) compared to S (0.105) and S+M (0.152). Plasma urea 
nitrogen (PUN) increased by 9.3, 5.9 and 6.6 mg/dl from d 1 to d29 of the 
study for animals on GC, S and S+M diets, respectively. These preliminary 
data indicate that lambs receiving sorghum ensiled with molasses, but not 
plain sorghum silage, approached the growth rate of lambs receiving green 
chopped pasture. 

INTRODUCTION 

The livestock industry in the Caribbean Basin is largely supported by 
poorly managed pastures which, during the dry season, provide forage that 
is frequently deficient in both quantity and quality. This usually results 
in depressed livestock performance in the dry season. 

Preservation of forage as silage under favorable growing conditions 
is one means of stockpiling forage for dry season use. Silage is a widely 
accepted feed for sheep and is commonly fed to ewes in late pregnancy 
(Reed, 1979; Wilkinson and Chestnutt, 1988; Orr and Treacher, 1989; 1990). 
However, there is little detailed information on levels of silage intake 
that can be expected in growing lainbs In the tropics, particularly when fed 
in combination with concentrates. Data on Intakes are needed to formulate 
rations which supply the recommenced allowances of nutrients for sheep. 

The objective of this pilot experiment was to compare growth and intake li 
hair sheep lambs fed sorghum silage with those fed native pasture green chop. 
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MATERIALS AND METHODS 

The study was conducted at the Agricultural Experiment Station of the 
University of the Virgin Islands, St. Croix, as part of an evaluation of 
silage production from grass/legume systems In the Caribbean. Experimen-
tal details of agronomic evaluation of those grass/legume systems are pre-
sented elsewhere in these proceedings (Adjei, 1992). Silage for this 
feeding trial was pooled across grass/legume varieties, which were ensiled 
for a 100 d period either with 3% or without addition of molasses. The 
grasses Included three varieties of forage sorghum (Sorghum blcolor) and 
an elephantgrass (Pennlsetum purpureum) χ millet (Pennlsetum americanum) 
interspecific hybrid. Legumes consisted of Leucaena leucocephala and 
Desmanthus vlrgatus, which were incorporated at time of ensiling at approxi-
mately 10% of dry matter. The native pasture was a predominantly guinea-
grass (Panlcum maximum) and Leucaena mixture. Pasture was green chopped 
using a flail harvester. 

Fifteen wether lambs were assigned to the 3 treatment groups (n=5) 
stratified by llvewelght and type of birth. Animals were wormed (Ivermec-
tin) prior to the trial and had free choice access to a salt/mineral block 
throughout the trial. They were group-fed dally a diet of either CC, S 
or S+M and CM at 5 and 2% as fed of body weight, respectively. Sheep were 
fed for 24 d following a 4-d adjustment period on a composite diet. Sheep 
were weighed at 7-d intervals and feed levels adjusted at this point. 
Refusal of roughage and supplement was separately recorded dally. Blood 
samples were collected from sheep on d I, 15 and 29 of the feeding trial 
for PUN analysis (Marsh et al., 1965). 

Animal average dally gain, total llvewelght gain. Intake of both 
roughage and concentrate, and feed conversion efficiency were calculated 
for each diet. Analysis of variance was conducted on average dally gain, 
total weight gain and PUN using the GLM procedure of SAS (1985). 

RESULTS AND DISCUSSION 

Total llvewelght gain per animal was 3.1, 1.5 and 2.3 kg for the dura-
tion of the trial, with an average dally gain of 110, 52 and 84 g/d for 
CC, S and S+M, respectively (Table 1). Differences in weight change 
approcched significance (P-0.15). These data Indicate that lambs receiving 
S+M, but not S, approached the growth rate of lambs receiving GC. 

Daily roughage dry matter intake was similar among treatment groups 
(Table 1), but CM intake varied from 232 g/d for S to 364 g/d for GC. 
Consequently, total dry matter Intake was highest (651 g/d) for GC and 
least (495) g/d) for S. Differences observed In the intake of GM between 
roughage sources may be the result of a higher moisture content of the 
silage (72.0%) compared to GC (59.4%), although there is evidence that 
sheep are sensitive to some aspects of sillage fermentation quality (Vllklns 
et al., 1971). Despite the Increased CM ilntake by GC, the gain/feed ratio 
was still highest for GC animals (0.169) compared to S (0.105) and S+M 
(0.152). 
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Table 1. Growth performance and intake in hair sheep lambs fed green 
chop and sorghum silage based dletsl supplemented with coconut 
meal2 on St. Croix. 

Green 
Chop Silage 

Silage + 
Molasses SE Ρ 

Initial weight (kg) 17.4 16.1 16.1 3.2 0.78 
Final weight (kg) 20.5 17.6 18.4 3.0 0.33 
Total gain (kg) 3.1 1.5 2.3 1.3 0.15 
Daily gain (g/d) 110 52 84 46 0.15 
Dry matter Intake (g/d) 

Roughage 287 263 284 
Coconut meal 364 232 266 
Total 651 495 550 

Gain/feed 0.169 0.105 0.152 

iRoughage offered at SZ of body weight on as fed basis. 
^Coconut meal offered at 2Z of body weight on as fed basis. 
^Ensiled with 3% molasses. 

The initial PUN concentrations averaged 19.2 mg/dl across diets (Table 
2), with final levels of 29.5, 24.4 and 25.2 mg/dl for GC, S and S+H, res-
pectively (P=0.09). Both, the general increase in PUN In all groups, as 
well as the preferential Increase in the GC animals is most likely a re-
flection of the Intake of CM, which provided a high level of crude protein 
(23.5X) and thus nitrogen, and wouldl mot necessarily be related to the 
roughage source In diet. 

These preliminary data Indicate that sorghum ensiled with molasses, but 
not plain sorghum silage, could provide a roughage substitute to pasture 
in diets of growing lambs during the critical dry period. 

Table 2. Plasma urea nitrogen concentrations in hair sheep lambs fed green 
chop and sorghum silage bused diets'- supplemented with coconut 
meal2 on St. Croix. 

Days on Green Silage + 
Trial Chop Silage Molasses Ρ 

I 20.3 18.8 18.6 0.76 
15 23.3 21.1 20.8 0.47 
19 29,5 24.4 25.2 0.09 

iRoughage offered at 57. of body weight on as fed basis. 
^Coconut meal offered at IX of body weight on as fed basis. 
^Ensiled with 3Z molasses. 
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DIVERSIFICATION: L'EXEMPLE DE LA COOPERATIVE DE PRODUCTEURS 
DE PORCS DE LA DOMINIQUE OU LA VOIE 

VERS L'AUTOSUFFISANCE EN VIANDE PORCINE 

O. Kuperminc 

Mission Française de Cooperation 
Minlstere de L'Agriculture en Dominique 

Commonwealth of Dominica 

ABSTRACT 

Born In 1987,the National Pig Producers Association (N.P.P.A.) today 
is a registered cooperative. This paper gives an idea of the evolution of 
the growth of this association through four main activities which are: feed 
sales, production, technical advice, and branch meetings. These activities 
are exclusively oriented towards production for the local market. This 
paper also explains how the N.P.P.A. could develop with the help of the 
Training, Research, Extension and Development Unit of the Ministry of 
Agriculture (TREDU). TREDU's involvement has been so heavy that it may 
have to learn now how to free itself from that situation. Pig production 
can be profitable In Dominica provided the pig producers follow a set of 
technical recommendations. But this production remains risky if done other-
wise in the Dominican conditions. 

RESUME 

La Dominique a principalement basé son développement sur la production 
bananière qui represente en moyene 70% des recettes d'exportations chaque 
année. Nous savons aujourd'hui que "les trois soeurs" (Del Monte, United 
Brandt, Castle & Cook) sont capables de produire des bananes de qualité à 
un coût tierce des bananes de la Caraïbe. Elles possèdent donc un moyen 
de pression colossal puisq' elles peuvent facilement diminuer leurs prix. 
Il est donc plus que probable qu'une diminution du prix de la banane volt, 
le jour dans les années qui viennent. La diversification agricole 
représente alors un enjeu considerable puisqu' Il s'agit de la sécurité 
du producteur. Cet article présente d'abord comment s'est opéré la 
croissance et 1'organization du groupe de producteur de porc en coopérative 
nationale avec pour objectif de couvrir le marche local en viande porc. 
Puis cet article s'attache à analyser les problêmes majeurs d'ordre socltiux 
et économiques recontrés. 

NAISSANCE CROISSANCE ET DEVELOPPEMENT DE LA COOPERATIVE NATIONALE 
DES PRODUCTEURS DE PORCS (N.P.P.C.) 

1) L'approche Recherche - Développement mise en place par le Ministère de 
l'Agriculture en Dominique et la Coopération Française. 

Très classiquement, la demarche R-D procède en trois étapes principales: 

Une phase de diagnostic de systèmes agraires. 
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Une phase de recherches thématiques générées par les systèmes étudiés 
donnant lieu â des recommendations techniques. 

Une phase de vulgarisation des recommandations techniques impliquant 
la formation des cadres du développement, des vulgarisateurs et des 
producteurs accaparant les Innovations proposées. La Maîtrise des 
inter-relations entre agents permet de mettre en place des améliora-
tions organizationelles. 

1) La phase de diagnostic: 

Cette phase nécessite la compréhension des mouvances de la société 
rurale étudiée. L'approche es t donc dynamique car la place de l'histoire 
(vision macroéconomique des systèmes) permet de comprendre le fonctionnement 
d'un systeme de production (vision microeconomique des systèmes). La finese 
des diagnostics réalisés est fondamentale car les sytèmes étudiés vont 
générer les thèmes de recherches. 

2) La phase expérimentale doit être la plus dépouillée possible pour 
éviter la lourdeur de mise place caractéristique des instituts de recherches 
(ce que nous ne sommes pas). Il ne peut s'agir que de recherche appliquée, 
la recherche fondamentale devant être sous tra itée (CARDI, CIRAD, INRA...). 
Cette sous traitance est Indispensable car c'est elle qui cautionnera 
l'impact de l'action du project. 

L'objectif de cette phase est la mise en place d'itinéraires techniques 
régissant l'Intégration par le producteur des innovations techniques et/ou 
organisationnelles proposées par cette phase. 

Les types d'expérimentations sont toujours adaptables aux besoins des 
producteurs qui souvent définissent eux-mêmes les thèmes à étudier. 

3) La phase de vulgarlsation ne peut réussir que si les producteurs 
sont directement impliqués, dans le processus R-D. Le producteur devient 
alors un partenaire et n'est plus seulement un agent économique à qui on 
propose une innovation. 

A l'augmentation de productivité liée à l'amélioration proposée se 
greffe la promotion d'un bien-être paysan à travers 1'auto-organization 
des producteurs. 

En effet la promotion d'une innovation technique uniquement ne peut 
concerner queceux capables d'accaparer l'amélioration laissant de côté 
tous ceux qui ne peuvent pas (contrainr.es sociales). Un groupe de produc-
teurs prendra en compte lus interests de chacun. 

Pour qu'un producteur accapare une innovation technique, il faut qu'iL 
soit convaincu de l'existence d'un marché pour son produit. 

L'association des producteurs en groupe ou en coopérative assure ce 
débouché et rassure le producteur grace à un systeme de prix connu a 
l'avance. De plus la coopérative devient l'interlocuteur privilégié 
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des autorités locales et de tous ceux qui s'intéressent au produit de la 
coopérative. Un dialogue permanent doit s'établir entre tous les acteurs 
de la filière et c'est pourquoi un lieu de recontre est nécessaire. Ce 
lieu doit répondre aux besoins de formation des différents acteurs. Le 
Centre de recherche-formation-Development de la Plaine (District Sud-Est 
de la Dominique, Training Research Extension and Development Unit-Eastern 
District Moninica (TREDU) répond très bien à ce besoin. 

Le success de cette méthodologie implique: L'existence d'une organi-
sation de producteurs autonome; la spécialisation du projet sur des pro-
ductions locales de diversification dont le développement aura un impact 
sur la balance commerciale (filieres); l'existence d'une institution nationale 
ou le dialogue à travers la formation peut s'établir entre les agents (Assist-
ance technique française, Ministère de l'Agriculture et vulgarisateurs, 
association de producteurs, mais aussi chercheurs et professionnels du 
développement). L'autonomie de cette institution (TREDU) implique l'intégra-
tion institutionnelle au sein du Ministère de l'Agriculture. 

Naissance et Croissance du Groupe de Producteurs de Porc. 

Pourquoi pratiquer l'élevage de porc? Plusieurs raisons identifiees 
par le Ministère de l'Agriculture font de cette production un atout tech-
nique: le porc est traditionnellement produit en Dominique; l'élevage de 
porc nécessite une surface limitée; l'élevage du porc valorise la main 
d'oeuvre familiale disponible; l'élevage du porc utilise des ressources 
localement disponibles (tourteau de coprah, écarts de bananes, herbes...); 
l'animal est entièrement consommé. 

L'idée d'associer les producteurs permet aussi de créer un relai a la 
vulgarisation. L'association de producteurs doit prendre en charge elle-
meme la vulgarisation d'itinéraires techniques. 

L'absence de compétences suffisantes du groupe et la mise en place 
d'une ration "complement bananes" le Soyamix* pour l'engraissement des porcs 
en 1986 font que l'idée d'une association nationale voit le jour. Un 
certain nombre d'activités sont alors pris en charge dès 1987 par l'asso-
ciation nationale (NPPA): 

la production et la distribution du Soyamix dans toute l'Ile; 
le conseil technique d la production pour l'engraissement 
essentiellernent; 
la planification de la production; 
l'abattage d'un ou deux por chaque semaine et la vente des carcasses. 

TREDU fournir alors le conseil technique, le transport, et un nombre 
conséquent de porcelets vendus aux membres. 

Des la fin 1987 les producteurs de porcs commencement â realiser qu'il 
est possible de produire des porcs a une plus grande échelle. Cet effet 

•Soyamix - 19% tourteau de soja (importe); 76.5% tourteau de coprah 
(local); 4.5% mélange oligoélements et vitamines importé. 
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est produit grâce à certains producteurs qui produisent déjà de manière 
performante. Fin 1988, la NPPA est crée et de nombreux producteurs s' 
intéressent désormais à l'élevage du porc de manière non plus traditionnell 
mais sous forme rentable grâce a l'utilisation d'aliments concentrés. NPPA 
va alors se battre pour assurer la représentativité des producteurs de porc 
en Dominique. 

1989 et 1990 sont les annees de "l'envol" de la NPPA. 

Quatre activités sont désormais couvertes par la NPPA. 

L'activité aliment. 

Très vite le Soyamix recontre un franc succès et sa préparation devien 
systématique, de 3000 lbs vendues en 1989, la NPPA est passée a 26000 lbs 
en 1990, et au 1 Juin 1991 elle a déjà vendue plus de 30000 lbs (=13.6 
tonnes). Le Soyamix est produit a 31.44<f/lb et vendu 2 41l/lb (1991). D' 
un dépôt principal le NPPA organise des dépots secondaires strategique-
ment placés dans l'Ile (2 en 1989; 8 en 1991) qui fonctionnent par un 
système de crédit. 

Très vite le besoin d'aufres aliments se fait sentir dés 1990. 

La NPPA se lance dans l'importation par container d'aliments 
démarrage et croissance ainsi que de rations truies. 

Importations 1990: 

Grower = 26.8 tonnes 
Starter = 3.8 tonnes 
Sow Ration = 3.15 tonnes 

Cette activité généré des ressources qui couvrent largement les 
pertes liées aux vissicitudes de l'abattage et de la commercialisation 

La production et le conseil· technique. 

Comme le montrent les chiffres de production et de vente d'aliment 
l'élevage de porc devient populaire et de nombreux producteurs s'y 
lancent. Certains empruntent aux banques pour construire leur porcherie. 
De 30 membres en 1988 la NPI'A passe a 80 membres en 1989; 130 en 1990 et 
150 en 1991. 

Pourtant seul en [jetit nombre d'entre eux produisent régulièrement 
{environ 30%). En effet il faut convaincre le producteur que l'élevage 
du porc est rentable. Sil'on prend les coûts de production de l'engraisse-
ment (annexe no. 1) on vuit que les di_-s deux volets principaux des coûts 
des production sont l'achat des porcelets et les aliments. 11 est 
malheureusement trop fréquent que le producteur ne budgétise pas ses 
coûts. Engraisser 10 codions en quatre mois veut dire être capable de 
débourser 750 EC$ pour les porcelets et 1500 EC$ pour la nouriture. 
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Le manque de nouriture pendant quelque jours entraîne un arrêt de la 
croissance, un retard à l'abattage et donc de nouveau Investissements en 
aliments. En moyenne en 1991 (Ier semestre) 285.97 EC$ sont payés au 
producteur (cela varie de 198.13 a 406.88 EC$ par bête). 

Ceci veut dire qui en moyenne le producteur de porc en Dominique perd 
de l'argent, ou couvre tout juste ses frais. Rare sont ceux qui tirent un 
réel bénéfice de la productlon de porc. 

La principale raison est le faible poids des bêtes au moment de 1' 
abattage (environ 120 lbs Poids vif). Il est très fréquent qu'au dessus 
de ce poids le porc fasse du gras surtout s'il est nourri essentiallement 
avec de la banane. 

On voit que l'apparente économie sur les aliments concentrés déprécié 
la valeur â la vente de l'animal. 

Enfin un dernier problême est lié â la race locale. 

Le Saddle back ou porc creole est rustique mais ne possède pas une 
bonne qualité charcutière. La consanguinité est de règle et la taille 
des portées est de 7.5 porcelet par truie par an en moyenne ce qui est 
très faible. 

Pour palier les problèmes il est vital que la NPPA emploie et forme 
un conseiller technique competent capable de faire passer le tech-pack 
en milieu paysan. Sa fonction est d'organiser la production a travers un 
planning de suivi des elevages. Ce suivi lui permet d'identifier les 
porcs a abattre et les dates d'abattage dans le but de fournir au marche 
local une qualité standard de viande de porc. 

Le role du conseiller technique est de convaincre le producteur des 
risques qu'il encourt s'il ne suit pas scrupuleusement les recommenda-
tions techniques. Mais 11 pratique aussi: les castrations; la mise sous 
contrat d'un nombre prédéterminé de porcs du producteur. Chaque porc est 
ensuite pesé chaque mois en présence du technicien de la NPPA ce qui 
determine le gain moyen quotidien de chaque bête. Les performances des 
porcs permettent de voir si les recommendations sont suivies ou non; 
la mise en contact des nalsseurs et de engraisseurs pour la vente de 
porcelets; diverses réunions de producteurs dans le but d'échanger et 
d'informer; la collecte des porcs prêts a abattre. 

En Juillet 1990, la NPPA emploie son propre conseiller technique. 
Malgré toute une série de problèmes auxquels it doit faire face, 11 permet 
a la production de s'organiser. 

L'activité abattage et marketing. 

L'Installation et l'equipement d'un petit abattoir rural 3 Grand-
Fonds a permis de réaliser cette activité. En 1989, cet abattoir fonctionne 
sans eau courante et sans facilites de réfrigération. Les carcasses sont 
vendues essentiellement localement à un charcutier qui lui peut refrigérer 
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les carcasses. Très vite celui-ci réalise qu'il nepeut pas transformer 
toutes les carcasses en produits chaircutiers et sur-tout qu'il est beaucoup 
plus intéressant pour lui financièrement d'importer des morceau choisis 
en container pour les transformer. Nous rapellons ici qu'il n'y a pas de 
taxe a l'importation de viandes fraîches si celles-ci sont transformées 
en produits charcutiers. 

Vers la fin 1989, le charcutier cesse donc d'acheter a la NPPA et il 
devient vital de vendre en frais. L'abattoir est alors rénové et équipé 
d'une chambre froide pouvant contenir un maximum de 20 carcasses. La 
NPPA loue un étal sur le marché de Roseau et vend chaque semaine de la 
viande fraîche. Ce qui n'est pas vendu a Roseau l'est de manière 
itinérante dans les villages de la campagne domlnicalse. 

Pour cela la NPPA emploie 2 bouchers -plus 2 manoeuvres qui travaillent 
chaque semaine a l'abattage des animaux. Les deux bouchers s'occupent 
aussi de la vente de la viande. 

Table 1. L'abattage des porcs. 

Annee Nb. de porcs abbatus 
par la NPPA 

Nb. d' 
abattages 

par an 

Moyenne porcs 
abbatus 

par semaine 

1989 160 40 4 
1990 381 47 8 
1991 

(1er semestre) 236 24 10 

Le potentiel d'absorption du marché est d'environ 20 carcasses par 
semaines aujourd'hui. It est donc très facile de vendre plus. Cette 
activité n'est pas encore très rentable dans la mesure ou la plus value 
sur la vente est faible. En effet la NPPA n'est encore capable de vendre 
des découpes nettes par morceaux. Les pièces de viandes vendues ne sont 
ni présentées ni emballées ce qui ferme provisoirement le marché des hotels. 
De plus le consommateur demande de la viande maigre ce qui obligue les 
bouchers à élaguer le gras, bien qu'en général la NPPA n'achète pas de porcs 
gras. Le manque a gagner est, a ce niveau, important. Enfin bien que les 
viandes soient contrôlées par un Environmental Health Officer (E.H.O.) et 
estampillées "saines," it n'existe aucun moyen de se protéger contre 
d'éventuelles maladies. 

L'activité animation sociale de l'association. 

La NPPA couvrant toute l'île, it est difficile d'organiser des 
séminaires de formation pour tous. Les besoins de chaque village peuvent 
varier. Il a donc été décidé d'organiser les villages en branches. 
Chaque branche se réuni une à deux fois par mois selon les besoins avec 
l'aide du vulgarisateur responsable du district. Un coordinateur est élu 
et rapporte donc a la NPPA les conclusions de ces réunions. Ceci à permis: 
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de motiver nombre de producteurs de porc isolés; d'établir des dépots 
annexes devente d'aliments; de mettre encontacts les paisseurs et les 
engraisseurs. 

Conclusion. 

On volt que la NPPA grandit vite et couvre la quasit totalité de la 
filière porc (excepte la transformation). Elle assure donc son propre 
débouché et devient autonome grâce a l'emploi d'un conseiller technique. 
Plusieurs bailleurs de fonds (autres que la coopération française) sont 
approchés par la NPPA et acceptent de financer les salaires du Directeur 
et du conseiller technique (ainsi qu'un véhicule) a la condition que la 
NPPA devienne uen entite legale. 

NPPA devient alors la Cooperative Nationale de Producteurs de Porc 
(NPPC) en Abril 1991. L'objectif de la NPPC est d'abattre 100 porcs par 
semaine (5000 par an) en 1994. NPPC doit être le principal acteur du 
montage d'une filière porcine en Dominique qui comprendra une unité de 
préparation d'aliments du bétail, un abattoir central moderne, une usine 
de transformation de la viande de porc. Si l'objectif est ambitieux, il 
est réalisable à condition que la coopérative se prenne réellement en main. 
Une direction compétente de la coopérative devient alors nécessaire. 

ANALYSES DES PROBLEMES SOCIAUX ET ECONOMIQUES RENCONTRES 

1. Lea Questions Sociales. 

Au niveau national. Organisée par TREDU l'association NPPA a toujours 
été dépendante a 100%. Toutes les décisions étaient prises par TREDU qui 
assure enocre aujourd'hui la direction technique de la coopérative. La 
NPPA est passée par les vicissitudes d'une croissance mouvementée ou trois 
conseils d'administrations et deux directeurs fantoches se sont succédés 
depuis 1989. Cette periode "essais-erreurs" était inévitable. Les enjeux 
de l'organisation d'une filière poircine n'étaient pas perçus ou compris 
et les intérêts personnels primaient sur les intérêts collectifs. Le seul 
moyen pour faire prendre conscience aux membres de leur devenir était 
d'amener les affaires de l'association a un niveau économiquement viable 
ce qui ne saurait se faire dans le court terme. Cette phase a donc aussi 
été une phase d'intervention caractérisée par l'ingérence de TREDU dans la 
gestion quotidienne de l'association. Cette ingérence était si profonde 
que TREDU a été investi par le conseil d'administration de la NPPA de la 
direction de ses affaires internes en Juin lyyü. 

TREDU outrepassait alors son role d'agora ou les acteurs de la filiere 
pouvaient dialoguer. L'Etat a travers TREDU avait donc tout pouvoir sur 
l'association puisque le projet assurait la totalité des activités de la 
NPPA. TREDU a utilisé cet état de fait pour organiser de nombreux 
séminaires de formation technique et faire passer le message le plus 
important: la production porcine à une echelle serni-indus trie 1 le est 
rentable en Dominique pourvu que l'on accepte de suivre un itinéraire 
technique recommandé. 
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La question majeure a résoudre est donc le désengagement de TREDU qui 
est lié a l'Identification de competences capables de permettre à la 
nouvelle coopérative de maintenir et développer le potentiel économique 
du groupe. Le désengagement de TRF.DU doit donc permettre d'autonomiser 
la NPPC. Mais désengagement ne veut pas dire dissociation; TREDU doit 
continuer son travail en tarit que consultant at en tant que lieu de for-
mation. Car 11 reste l'étape, difficile a franchir, oû les membres eux-
memes doivent s'engager dans le devenir de la coopérative. En effet 
ceux-ci considèrent trop souvent celle-ci comme une entité qui résoudrai 
tous leur problèmes sans implication de leur part. 

L'autonomisation de la NPPC doit aussi correspondre a la reconnais-
sance par les autorités mais aussi par les agences de développement de la 
representativite des producteurs de porcs en Dominique. Car rappelons 
le il ne faut pas considérer une association de producteur comme un relai 
des actions de développement pronées par les ministères mais comme un 
veritable partenaire du développement. La coopérative est aujourd'hui à 
même d'être un interlocuteur valable puisqu' elle attire les bailleurs de 
fonds sans passer par les créneaux governementaux classiques. Le recrute-
ment prochain d'un directeur d'envirgure et la presence d'un conseil 
d'administration réellement decideur devrait permettre de relancer la 
production à travers des systèmes de crédits sur les aliments concentres 
(naissage et engraissage) et sur les bâtiments, ces crédits étant réglés 
a la vente des animaux produits a la coopérative. 

Au niveau regional. La NPPC est membre de la Caribbean Farmers Devel-
opment Company (CFDC) crée a l'initiative de 1'Inter-American Institute 
for Coopération in Agriculture (IICA). Il s'agit d'inventorier et de 
renforcer des associations de producteurs au sein de l'OECS. A travers 
de multiples réunions regionales la N1PPC peut aussi faire entendre sa 
voix tout en participant a un fructueux échange d'expériences diverses. 

Il est très important d'encourager ce type d'initiatives la plupart 
des pays de l'OECS étant concernés par les questions liées a la diversi-
fication agricole. 

2. Les Question Economiques. 

La production et la marché. Nous avons vu que s'il est possible de 
rentabiliser un élevage de porc en Dominique il est aussi possible de tout 
perdre. Le problème primoridal pour le producteur de porc en Dominique est 
la disponibilité de capitaux. Si le crédit peut apparaître comme une solu-
tion, l'endettement du producteur présente un danger evident puisque la 
rentabilité de la production présente encore aujourd'hui un caractère 
aléatoire. Il est donc vital que le débouché ne soit pas aléatoire. En 
effet l'assurance de pouvoir vendre sa marchandise à un prix prédétermine 
sécurise le producteur. Pour cela la coopérative doit convaincre les 
consommateurs de la primeur et de la qualité de ses produits et doit donc 
être très exigeante sur les critères de production. 

La NPPC, contrairement à la plupart des coopératives agricoles en 
Dominique, n'est pas tournée vers l'exportation mais cherche au contraire 
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à satisfaire le marche local de la viande de porc. Ce caractere tout a 
fait original (les bailleurs de fonds internationaux préfèrent les 
coopératives tournées vers l'exportation) doit obliger le Gouvernement 
de la Dominique â proteger la production locale contre une compétitivité 
abusive de la viande importée. Il est malheureusement de fait que le porc 
dominicais ne peut pas être produit avec des niveaux de productivités 
comme ceux que l'on trouve aux Etats-Unis par exemple. Ceci ne doit pas 
empêcher 1'emergence de productions locales au sein de l'OECS. Ces 
productions locales peuvent d'ailleurs être exportées en partie (OECS 
et ailleurs) si le besoin s'en fait sentir. 

On le voit la route vers 1'autosuffisance est engagée mais le chemin 
à parcourir reste long. Réduire les importations de viandes porcines en 
Dominique implique une détermination conjuguée de tous les acteurs de la 
filière. Il agit de proposer une série de produits de qualité et pour 
cela la production doit etre homogène. Il est donc nécessaire que le 
producteur de porc dominicais possède un réel savoir faire qui lui permette 
de passer d'un niveau de production traditionnel a un niveau semi-industriel. 

Viabilité économique de la NPPC. La coopérative n'est vaible que si 
elle devient autonome financièrement. Ceci signifie qu'elle doit attendre 
un niveau économique acceptable. Même si le Ministère de l'Agriculture 
(via TREDU) a permis d'importantes réorganisations internes (formation de 
personnel, création de nouvelles activités, installation d'équipements, 
mise en place d'une gestion moderne...) it est aujourd'hui clair que la 
coopérative doit assurer elle-même son devenir en devenant un agent 
économique puissant. Pour cela ce producteur de porc doit devenir un 
veritable entrepreneur. 

Conclusions. 

La Dominique bénéficie d'un environnement favorable pour la plupart 
des productions agricoles tropicales. Même si la culture bananiere est 
sans comparaison la culture la plus rémunératrice, il est bien compris qui 
l'enjeu des annees 90 est la diversification. 

L'elevage du porc ne présente pas de problèmes techniques majeurs a 
résoudre. Les problèmes sont d'ordre structurels. L'émergence d'un 
groupe de producteurs autonome est inconcevable à court terme. Elle doit 
être accompagnée par une structure de développement que concrétise très 
bien TREDU. Ce suivi pose la question de l'engagement de l'institution 
dans les affaires internes du groupe de producteurs ouplus precisement la 
question du des engagement. Jusqu' ou peut-on s'impliquer? 

Le choix de la production porcine s'est avéré etre un bon choix 
simplement parce qu'il a resuite d'une demande des producteurs eux-mêmes 
sans être dicte par les impératifs de l'aide internationale. 

Le development de la coopérative a enfin un role structurel sur le 
monde paysan. Elle permet aux producteurs de s'organiser en assurant 
eux-mêmes leurs propres débouchés. 
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Pour atteindre ses objectifs (500 porcs par an) la cooperative NPPC 
doit grandir régulièrement en acquièrent de plus en plus d'autonomie. La 
NPPC rentre maintenant dans une phase de montée en production ou il est 
vital qu'elle comprenne que les risques d'échecs sont grands. Les intérêts 
collectifs doivent avant tout primer sur les intérêts individuels. 

Table 2. Cost of production for fattening pigs for a unit of 10 
fat teners 

I tem Total cost 
Cost per pig $ 

Building 

Water supply 

Equipment 

Total building 
and equipment 

10 sq ft/pig χ 10 pigs ($10/sq ft = 
$1000. 7 years depreciation 2,5 
batches/year = $1000/7 χ 25 
Cistern of 125 cu. ft: $60 
10 years depreciation 
25 batches of 10 pigs/year - $600/250 
Cleaning, weighing: 400 EC$ 
3 years depreciation 
2,5 batches of 10 pigs/year - $400/75 

5.71 

2.4 

5.33 

13.44 

Piglets 
Feed: Grower (1) 

Soyamix (1) 
Bananas 

Total feed 

Worm medicine 
Miscellaneous 

Labour 

Grand total cost 

30 lbs. χ $2.50 
50 lbs. χ 0.50 
270 lbs. χ 0.4125 
Cost of collection 696 lbs χ $0.02/lb. 

Transportation, marketing and feed 
Storage: 100 sq. ft. building - 1000 EC$ 
5 years depreciation 
2,5 batches of 10 pigs/year: $1000/125 

Total miscellaneous 

5 min./pig/day: 5 χ 120 days 
10 hrs: 10 hrs. χ $3 

75.00 
25.00 

111.38 
23.92 

150.30 

4.50 
15.00 

8.00 

23.00 

30.00 

296.24 

Note: The cost of building of breeding unit can vary widely. 
Fattening period of 4 months from piglet delivery, 30 lbs. to 
160 lbs. 
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Table 3. Income from a unit of 10 l'atteners. 

I tern Income ( $·) Per pig ($) 

Sale price 160 lbs. L.W. χ 2.50 ($ / lb 400.00 
Dressing ratio 67X χ 375 
U/lb) 400.00 

Profit (400.00 • - 296.24) 103.76 

Table 4. NPPC recommendations. 
Approx. age, Liveweight Feed to be given 

weeks lbs. per day 

From 0 to 8 
weeks before 
weaning 
9 to 11 weeks 

12 to 14 weeks 

From 2 to Fed from their mother. "Starter" to 
15 lbs. be given (creep feed during second 

«non th) 1/4 to 1/2 lb/day. 
From 15 to "Starter" feed ad lib (as much as pig-
30 lbs. let can take) 1 to 3 lbs/day. 
From 30 to "Grower" ad lib (2 to 3 lbs.) plus 
50 lbs. 2 to 3 lbs. ripe bananas. 

From 15 to 

16 weeks 

17 to 18 weeks 

19 to 24 weeks 

25 to 29 
weeks 
(203 days) 

START 0SINC SOYAMIX AT 50 LBS. LIVEWEICHT 
From 50 to Mix: 1 lb. "Grower" plus 1 1/2 lbs.. 
60 lbs. Soyamix plus 2 to 3 lbs. ripe 

bananas. 
From 60 to 2 1/2 lbs. Soyamix plus 2 to 4 lbs. 
80 lbs. ripe bananas. 
From 80 to 3 lbs. Soyamix plus 3 to 8 lbs. ripe 
120 lbs. bananas. 
From 120 to 3.5 lbs. Soyamix plus 8 to 16 lbs. 
160 lbs. ripe bananas. 

Notes: It is very important that the pigs consume the total amount of 
Soyamix indicated above. 
Pigs must be dewormed every month. 
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FOOD SELF-SUFFICIENCY AND SECURITY 



EFFECT OF FUNGICIDE TREATMENT ON POST-HARVEST LOSSES OF 
CASSAVA (Manihot esculents Crantz) CULTIVARS IN PUERTO RICO 

F. M. Cardenas-Guillen^, Ρ. Hepperly, and F. Vazquez? 

^University of Puerto Rico and 
2USDA, ARS Tropical Agriculture Research Station 

Box 70, Mayaguez, Puerto Rico 

ABSTRACT 

In many tropical regions, cassava is a major food source, especially 
for subsistence farmers. It is high in carbohydrates and very productive 
in semi-arid regions and poor, acid soils. Production of cassava has con-
sistently increased in recent years, but post-harvest deterioration continues 
as a major obstacle to its greater commercialization. Over AO introduced and 
local cultlvars were planted at Isabela, Puerto Rico, to determine post-
harvest losses as influenced by fungicide treatment, cultiver, and storage 
time. Root deterioration was rated at four and 16 days after harvest using 
the CIAT scale. Hydrogen cyanide (HCN) content was determined at harvest; 
and dry matter content and culinary quality were measured at harvest and on 
the two-post harvest dates. Before storage, roots were either not treated 
or submerged in 4,000 ppm thiabendazole in aqueous solution. Some of the 
introduced cultlvars showed superior storage and culinary qualities com-
pared to the Puerto Rlcan commercial cultlvars evaluated. Resistant cul-
tlvars and fungicide treatment were highly effective in delaying post-
harvest deterioration. When treated with fungicide, 10 cultlvars had 
maintained less that 57. root deterioration at 16 days after harvest. PI 
12903 had outstanding culinary quality even after 16 days' storage. Only 
Brava and PI 9608 contained dangerously high levels of HCN, exceeding 
115 ppm. 

INTRODUCTION 

Cassava is the fourth most Important source of food energy in the 
tropics. Two-thirds of its production is consumed directly by humans, and 
the rest is either used as animal feed or processed industrially (Cock, 
1982). In Puerto Rico in 1987-88, 52,000 cwt of cassava were produced 
(Rivera, 1989). Local production does not meet island demand, and subs-
tantial quantities of cassava are imported, mainly from the Dominican 
Republic, Costa Rica, and Colombia. 

Post harvest deterioration of cassava is considered a serious limita-
tion to its greater use and commercialization (Booth, 1976). Within two 
to three days after harvest, cassava roots may deteriorate significantly 
from physiological and microbial decay. The goal of our research was to 
determine to what extent varietal selection and fungicide treatment can 
decrease post-harvest losses and extend the marketing period of cassava. 
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MATERIALS AND METHODS 

In 1989-90, over 40 cassava cultlvars were grown In single-row field 
plots at the Isabela Substation of the Tropical Agriculture Research Sta-
tion, USDA-ARS, in Mayaguez, P.R. Isabela is situated in the northwest 
sector of Puerto Rico and has a subhumid climate (1,658 mm mean annual rain-
fall). The soil is a leached sandy Coto clay Oxisol. 

Cassava root hydrogen cyanide (HCN) content was determined at harvest 
by the CIAT rapid evaluation method. Dry matter (DM) content and culinary 
quality (CQ) were measured at harvest and four and 16 days after. To deter-
mine DM, samples were dried at 602C for 72 hours under forced air and weighed 
before and after the drying period. The criteria for CQ included cooking 
time, fiber content, and taste. Roots were either not treated or treated 
with thiabendazole fungicide before storage. Fifty per cent of the whole 
roots was submerged In a 4,000 ppm aqueous solution of the fungicide for 
30 min. at 282C. All roots were stored in closed polyethylene bags under 
shade at 28®C. On the two post-harvest dates, five rnadomly-selected roots 
of each cultivar were cut in four cross-sections to determine the extent 
of decay using the CIAT visual scale for physiological and pathological 
deterioration (CIAT, 1982). 

RESULTS AND DISCUSSION 

Dry Matter Content. 

Most cultlvars showed low levels of dry matter. However, six cultlv-
ars had acceptable levels that exceeded 30%. Generally, losses of less 
than 10% were found in dry matter after 16 days of storage whether roots 
were treated with fungicide or not (Table 1). 

HCN. 

Cyanide content varied from 15 to 150 ppm (Table 2). Brava and PI 
9608 exceeded recommended levels of HCN. The other cultlvars were mainly 
below 100 ppm and would not be considered dangerous to eat under normal 
condi tions. 

Culinary Quality. 

The cultlvars PI 12903, Pana Monacillos, Cubana, Inglesa, D-D-l, and 
Llanera had outstanding culinary quality even exceeding that ot the test 
cultivars used commercially in Puerto Rico (e.g., Hondurena and Venezolana). 
PI 12903 appeared superior to all other cultlvars in terms of culinary 
quality after storage and had low storage losses (Tables 3 and 4). 

post-Harvest Losses. 

After four and 16 days, ten and five cultivars had maintained less 
an 5% storage, respectively, even without fungicide treatment (Table 4). 
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Table 1. Dry matter content at harvest and during storage of cassava 
cultlvars grown In Isabela, Puerto Rico, In 1989-90 and 
treated with thiabendazole fungicide or not treated. 

Dry matter content (%) 
Cultiver Treated Not treated 

Days after harvest Days after harvest 
16 I T 

PI 9608 28. 8 28. 4 27.3 28. 8 28. 5 27.3 
Jamaica 32. 5 32,. 0 32.0 32. 5 31. 9 32.0 
PI 19902 30. 1 29. 5 29.5 30. 1 30.0 28.0 
Brava 33. 8 33.6 32.1 33. 8 33. 5 32.1 
Mc 22 30. 1 29. 4 29.3 30. l 28. 4 29.0 
PI 9570 26. 6 25. 7 24.0 26. 6 25. 9 24.3 
PI 12903 30. 8 30.3 28.1 30. 8 30. 0 29.5 
Pana 33. 5 32. 9 32.1 32. 5 31. 9 30.1 
PI 9569 29. 9 29. 6 29.7 29. 9 29. 5 28.8 
Jordan 34. 5 32. 7 31.9 34. 5 33. 4 32.1 
PI 9566 22. 9 21. ,5 21.0 22. .9 22. ,0 21.7 
Tri 0256 24. ,1 23. ,9 22.3 24. ,1 23. 6 23.0 
Tri 1556 27. 9 27. .4 27.6 27. ,9 26. 9 27.0 
Tri 0157 19. 9 19. 3 19.0 19. ,9 19. ,0 18.9 
Pana Monacillos 30. 0 29. ,8 29.8 30. ,0 30. ,1 28.7 
Cubana 30. 6 30. .4 30.1 30. ,6 .30. ,2 29.1 
Inglesa 24. 4 24. ,2 24.1 24. ,5 24. ,0 23.2 
Coreana 27. .3 26. .4 26.6 27, .3 27, ,1 26.0 
Mameya 19. .5 17. ,5 17.0 19, .5 18. ,7 18.6 
PI 9600 33. .6 31, ,5 30.1 33, .6 32. ,1 ND 
PI 9591 33, ,5 32. ,2 31.0 32, .5 31. .8 32.0 
PI 9581 27. ,6 27. ,2 26.1 27, .6 27, ,5 27.6 
Tri 1457 22. .3 22, .2 21.8 22, .3 22, .1 21.6 
Venezolana 30. .6 30. ,0 29.7 30, .6 30. , 1 30.7 
Pata de Paloma 29, .8 28, .7 28.3 29 .8 29. .1 ND 
SD 2 32, .3 31, .4 ND 32 .3 30, .2 ND 
D-D-l 24, .8 24. .6 24.1 24, .8 23. .8 ND 
Llanera 25, .0 24. .3 24. 1 25 .0 24, .9 23.1 
Comoadre Marquez 33. .4 32, .2 32.0 33 .4 32, .0 31.2 
Sel. 6 30. .2 30, ,0 ND 30 .2 28, . 1 ND 
PI 899 25, .3 24, .2 24.2 25 .2 25, .0 ND 
Dorado 20 .0 20 .0 19.4 20 .0 19 .0 18.7 
Sin Nombre 28, . 7 27, .6 ND 28 .7 27 . 1 ND 
Hondurena 28, .7 26, .7 26.0 28 .7 28 .0 27.0 
Color de Rosa 27, .0 25 .3 25.8 27 .0 25 .3 25.0 
Venezolana 27, ,6 27, .1 26.9 27 .6 26 .8 26. 5 

ND - No data. 
For determining dry matter content, samples were weighed before and after 
drying at 602C for 72 hours under forced hot air. 
Thiabendazole was applied as Mertect 75U, which was suspended in water at 
288C. The test solution had 4,000 ppm thiabendazole, and roots were sub-
merged for 30 minutes before storage. 
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Table 2. Cyanide (HCN) content at 
in Isabela, Puerto Rico, 
rapid evaluation method. 

harvest of cassava cultivars grown 
in 1989-1990 according to the CIAT 

Cultivar HCN (ppm) Cultivar HCN (ppm) 

PI 9608 

PI 12900 

Jamaica 

PI 19902 

Brava 

m 22 

PI 9570 

PI 12903 

Pana 

PI 9569 

Jordan 

PI 9566 

Tri 0256 

Tri 1556 

Tri 0157 

Pana Monacillos 

Cubana 

Inglesa 

Coreana 

Mameya 

PI 12901 

115-150 

40-60 

25-40 

85-115 

115-150 

85-115 

25-40 

25-40 

60-85 

25-40 

40-60 

25-40 

15-25 

25-40 

25-40 

15-25 

85-115 

25-40 

40-60 

85-115 

60-85 

Mc 22 S14 

PI 9567 

PI 9607 

PI 9600 

PI 9561 

PI 9581 

Tri 1457 

Vénézolane 

Pata de Paloma 

SD 2 

D-D-1 

Llanera 

Compadre Marquez 

Sel. 6 

PI 899 

Dorado 

Sin nombre 

Hondurena 

Color de Rosa 

Venezolana 

60-85 

25-40 

85-115 

60-85 

60-85 

85-115 

25-40 

40-60 

60-85 

60-85 

85-115 

40-60 

60-85 

85-115 

85-115 

40-60 

60-85 

25-40 

60-85 

40-60 
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Table 3. Culinary quality at harvest and during storage of cassava 
cultivars grown In Isabela, Puerto Rico, ln 1989-1990 and 
treated with thiabendazole fungicide or not treated. 

Culinary quality 

Cultivars 
Trea ted Not treated 

Cultivars Days after ha: rves t Days after harvest Cultivars 
0 4 16 0 4 16 

PI 9608 Ρ Ρ Ρ Ρ Ρ Ρ 
Jamaica m m m m m m 
PI 19902 m m m m m m 
Brava Ρ Ρ Ρ Ρ Ρ Ρ 
MC 22 m m m m m m 
PI 9570 m m m m Ρ Ρ 
PI 12903 e g g g g g 
Pana 6 m Ρ g Ρ Ρ 
PI 9569 g g m g g Ρ 

Jordan g g m g g m 
PI 9566 m m m m m Ρ 
Tri 0256 m m m m m m 
"ri 1556 m m m m m m 
Tri 0157 m m m m m m 
Pana Monacillos g g g g g m 

Cubana g g g g g m 
ïnglesa 6 g g g g m 
Coreana Ρ Ρ Ρ g g m 

Hameya m m m m m m 
PI 12901 g Ρ Ρ g Ρ Ρ 

Mc 22 S14 m m m m m m 
PI 9567 g Ρ Ρ g Ρ Ρ 

PI 9607 m m m m m Ρ 

PI 9600 m Ρ Ρ m m Ρ 
PI 9591 m m Ρ m m Ρ 
PI 9581 m Ρ Ρ m Ρ Ρ 

Tri 1457 g m m g g m 
V'enezolana g g m g m m 

Pata de Paloma τη m m m m Ρ 

SD 2 m Ρ Ρ m Ρ Ρ 

D-D- 1 g g g g m Ρ 

Llanera g g g g g m 

Compadre MSrquez g m Ρ g m Ρ 

Sei. 6 m m Ρ m m Ρ 
PI 899 m m Ρ m m Ρ 
Dorado m m m m m m 
Sin Nombre m m m m m m 
Hondurena m m Ρ m Ρ Ρ 
Color de Rosa m m m m Ρ Ρ 

Venezolana g m m g m m 

g = good, m = mediocre, and ρ = poors based on cooking time, fiber 
content, and taste evaluation. 
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Table 4. Losses In stored roots of more than 40 cassava cultivars grown 
in Isabela, Puerto Rico, in 1989-1990, treated with thiabenda-
zole fungicide or not treated. 

Percentage deterioration 
Treated Not treated 

Cultivars Days of storage Days of storage Cultivars 
4 16 4 16 

PI 9608 0.0 11.1 6. ,7 17.6 
Jamaica 0.8 1.7 0. .8 5.0 
PI 19902 2.5 2.6 4. .4 9.2 
Brava 1.7 2.5 1. .7 3.4 
Mc 22 12.5 14.7 17. .5 17.9 
PI 9570 3.3 5.3 56. ,7 60.0 
PI 12903 0.0 l.l 2. ,2 5.1 
Pana 27.8 40.8 53. ,4 78.4 
PI 9569 2.2 24.4 6. .6 56.6 
Jordan 0.0 15.0 6. .6 35.0 
PI 9566 14.4 47.6 34. .4 47.8 
Tri 0256 21.0 22.1 22, ,2 26.6 
Tri 1556 0.0 9.9 1. ,7 34.6 
Tri 0157 3.4 4.4 8. .8 19.6 
Pana Monacillos 1.6 2.2 13. .4 15.4 
Cubana 1.6 4.4 6. .6 34.4 
Inglesa 0.0 5.6 ι. .6 20.0 
Coreana 16.6 23.8 19. ,2 81.8 
Mameya 0.0 1.7 0. .0 5.1 
PI 12901 30.0 63.4 53. ,4 93.4 
Mc 22 S14 30.0 34.0 31. ,4 96.6 
PI 9567 65.0 85.4 74. 4 83.4 
PI 9607 13.3 49.0 16. 7 83.2 
PI 9600 36.7 40.6 38. ,3 88.2 
PI 9591 28.8 30.8 34.4 52.6 
PI 9581 28.0 30.0 28. 3 71.6 
Tri 1457 3.4 19.1 4. 2 47.4 
Venezolana 2.2 16.7 16. 6 18.8 
Pata de Paloma 8.4 14.2 26. ,6 61.8 
SD 2 41.0 73.4 53. ,4 72.2 
D-D-l l.l 1.6 1. , 1 25.8 
Llanera 0.8 2.2 10. .0 39.0 
Compadre Marquez 13.4 50.0 14. .2 53.4 
Sel. 6 20.0 32.2 35. .0 85.0 
PI 899 7.7 19.9 11. ,0 37.4 
Dorado 0.0 0.0 3. .4 3.4 
Sin Nombre 2.0 16.0 6. .7 100.0 
llondureria* 48.8 51.2 60. ,0 66.6 
Color de Kosa 1.1 11.0 3. .4 27.8 
Venezolana* 26.8 35.0 40. .8 91.6 

*Hondurena and Venezolana are local commercial varieties in the area sur-
rounding the Substation. 
Means based on 5 sample roots measured in 4 cross-sections. 
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With fungicide treatment, after four and 16 days, 21 and 10 cultlvars 
had maintained less than 5% storage loss, respectively. 

A small number of cassava cultlvars, including Cubana, Mameya, Dorado, 
Jamaica, and PI 12903, when stored without fungicide treatment, showed 
little deterioration even after 16 days' storage. In both storage periods, 
fungicide treatment increased the number of cultlvars that were stored 
without marked losses compared to nontreated controls. 
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ABSTRACT 

The standard Murashige and Skoog (1962) culture medium was proven 
effective for initiation of meristem In cultures of cocoyam (tannia; 
Xanthosoma sagittlfollum cv. Rabess) but was found not to be so useful 
for plantlet regeneration. However, when cultures at 6-8 weeks old were 
transferred to an amended medium Aiith the exclusion of benzylaminopurine 
(BAP)/ call! formation was high along with organogenesis, resulting in 
extensive shoot and root development. Plantlet regeneration from meristems 
was achieved within 16-20 weeks. There was no significant variation in 
plant morphology of plantlets regenerated using this two-step production 
system. 

INTRODUCTION 

Cocoyam Mannia; Xanthosoma sagittlfollum (L.) Schott7 is important 
to Dominica as a foreign-exchange earner and holds fourth place after 
banana, plantain, and dasheen (taro) as an export crop (Central Statistics 
Unit, 1987). 

Tannia, like dasheen (taro) is a member of the family Araceae. It Is 
plagued by destructive diseases such as dasheen mosaic virus (DMV) and 
pythium root rot (Pythlum myrlotylum). Pythlum root rot, more commonly 
known as tannia rapid yellowing disease (TRYD) is still the most destruc-
tive disease. It has the potential for causing catastrophic losses to 
tannia production in Dominica and elsewhere in the Windward Islands group, 
including St. Lucia, St. Vincent, and Grenada. An importnat element of the 
technological package (tech-pack) for control of pythium root rot disease 
is the planting of clean, healthy and vigorous plant material (CARDI, 1986). 
Because the crop Is propagated vegetatively, the disease is easily spread 
by plant propagules. 

The advancement of plant tissue and cell culture techniques over the 
past two decades has enabled plant propagators to achieve not only recovery 
of pathogne-free clones but also rapid clonal multiplication. 

There are several reports (Hartman, 1974; Liu et al., 1988; McDonald 
et al., 1990; Strauss and Ariditti, 1980; Zettler and Hartman, 1987) that 
have demonstrated major successes in micropropagation of several species 
of Xanthosoma. These successes were largely due to the refinement of cul-
ture media over the years. The achievements also depended on the under-
standing of the influence of growth hormones (in particular auxins) and 
cytokinins, in plant regeneration from meristems. 
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The aim of this study was to devise a system for rapid clonal multi-
plication of X . sagittifollum that is not only efficient but also economical. 

MATERIALS AND METHODS 

Apical meristems were obtained from corns of 9-month-old cocoyam 
(tannia) mother plants cv. Rabess) known to be disease-free and from a farm 
with a history of high yields. Shoot tips were trimmed to < 1.5cm3 and 
rinsed in flowing tap water for about 10 minutes. The meristem apices were 
then surface-sterilized in 0.52 per cent sodium hypochlorite (containing 1 
drop of TweenR 20 per 100ml) for 10 minutes, trimmed further and then sub-
merged in 0.26 per cent sodium hypochlorite (containing TweenR 20; 1 drop 
per 100ml) for 5 minutes. Three washings with sterile distilled water 
preceded the removal under a dissecting, microscope in a laminar flow 
chamber of the outer layers of the sterilized shoot tips. Each shoot was 
then trimmed until the apical dome and two leaf prlmordla, 0.2-0.4mm long, 
remained. The merlstematic dome was then transferred aseptically and 
cultured in solid Murashige and Skoog (MS) nutrient agar (Murashige and 
Skoog, 1962). 

The MS basal culture medium was used for the initiation of meristems. 
Six to eight weeks after initiation, cultures with undifferentiated calli, 
as well as those with green calll and shoot differentiation, were trans-
ferred aseptically to magenta GA 7 vessels each containing 50ml of the 
test media. There were six replicates for each medium composition. 

Twelve concentrations and combinations of cytoklnln (BAP) and auxin 
(NAA) were tested in media compositions for callus differentiation, shoot 
and root development, and consequent plantlet regeneration, including the 
MS basal medium which was used as the standard medium for comparisons. 

0. 5mg per 1 BAP / 0. ,5mg per 1 NAA 
0. 4mg per 1 BAP / 0. ,5mg per 1 NAA 
0. 3mg per 1 BAP / 0, . 5mg per 1 NAA 
0. 2mg per 1 BAP / 0. • 5mg per 1 NAA 
0. lmg per 1 BAP / 0, • 5mg per 1 NAA 
0. Omg per 1 BAP / 0. . 5mg per I NAA 
0. 5mg per 1 BAP / 0. ,4mg per 1 NAA 
0. 5mg per 1 BAP / 0. . 3mg per 1 NAA 
0. 5mg per 1 BAP / 0. • 2mg per 1 NAA 
0. 5mg per 1 BAP / 0. • lmg per I NAA 
0. 5mg per 1 BAP / 0. , Omg per 1 NAA 
0. Omg per 1 BAP / 0. • lmg per 1 NAA 

were • adjusted to pH 5. .8. 

All plantlets which had differentiated in cultures were transplanted 
to 7.5cm plastic cups containing a sterile mixture of sand : soi 1 : per 1ite 
(1:1:1 ratio). All plantlets were weaned in a plastic cloche for 2-3 
weeks before being transferred to a field nursery. Counts were made of 
the number of plantlets developed for each medium composition and then 
this was expressed as a percentage of six replicates. 
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RESULTS AND DISCUSSION 

The standard MS basal culture medium does not seem to be the most 
suitable for rapid multiplication of cocoyam (Xanthosoma sagittifο 1ium 
cv. Rabess) from meristems, giving only slight induction of green 
callusing (Table 1). Callus formation was less than 25 per cent and 

Table 1. Morphogenetlc responses from green call! and shoots of X. 
sagittlfollum after 6-8 weeks of culturing on MS medium 
amended with various combinations of growth hormones. 

Plant hormones (mg/1) Nature of response8'1 

BAP NAA GC sc RC PRC 

0.5 0. 1 (standard) + + + + 

0.5 0. 5 ++ + _ _ 
0.4 0. 5 -H- + + + 
0.3 0. 5 ++ + - -

0.2 0. 5 ++ + - -

0.1 0. 5 ++ + - -

0.0 0. 5 ++ + + -

0.5 0. 4 +++ •H- + + 
0.5 0. 3 +++ ++ + + 
0.5 0. 2 +++ ++ + + 
0.5 0. 1 +++ ++ ++ ++ 
0.0 0. 1 ++ +++ +++ +++ 

a. Average of six replicates per treatment. 
b. No. of + signs and - signs indicate cultures showing varied amount of 

the respective forms of differentiation as a percentage: 

- 0 
+ = 0 - 25% 
++ - 26 - 50% 
+++ - > 50% 

c. G = Green callus; S « Shoot differentiation; 
R = Root differentiation; PR » Plantlet regeneration. 

subsequent organogenesis was even lower, resulting in only 2 per cent organ 
differentiation and poor plantlet regeneration (Table 1). Similar results 
were reported by McDonald and Royer (1989) when a system was being developed 
for In vitro propagation of cocoyam in Dominica. Several workers have for 
some time now demonstrated that the MS standard medium requires amendment 
for satisfactory regeneration of tannia plantlets from meristems (Gupta, 
1985; Liu et al., 1988; McDonald et al., 1990). A U the investigators 
studied the effect of types and concentrations of plant hormones in culture 
media for plant regeneration. Cupta (1985) established parameters for 
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initiating and maintaining callus cultures and subsequent regeneration of 
plantlets from apical meristems in two species of Xanthosoma• 

High concentration of the auxin, naphthaleneacetic acid (NAA) seems to 
cause extensive callusing (Table 1), as was reported by Gupta (1985). 
However, high NAA and low concentrations of BAP seemed not to be the most 
satisfactory combination for plantlet regeneration from indirect organo-
genesis (Table 1). A high percentage of plantlet regeneration was like-
wise not derived from high concentrations of both NAA and BAP. 

Organogenesis from differentiated call! in amended medium with no BAP 
and a NAA concentration of 0.1mg per 1 was repeatedly high. The induction 
of green callus was also high and continually produced leaf clumps after 
repeated sub-cultures. Shoot and root differentiation occurred from the 
leaf clumps within 8 weeks, and subsequently plantlet regeneration. High-
est plantlet regeneration ( > 5 0 per cent) was obtained and completed 
within 16-20 weeks (Table 1). 

The 2-step system (i.e. 1. initiation in standard MS medium and 
2. transfer after 6-8 weeks to amended medium, for plant regeneration of 
X. saglttlfollum cv. Rabess proved to be efficient and there was no indica-
tion of any significant variation of plant morphology in over 150 regener-
ated plantlets. There were also no visible symptoms of dasheen mosaic 
virus infection. 
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ABSTRACT 

Bacterial wilt (BW) is due to Pseudomonas solanacearum (Smith) Smith, 
a soilborne and a xylern-invading bacteria. These properties and high varia 
tion in strains, aggressiveness, depending on environmental factors, make 
it difficult to bring this tropical world-wide disease under control. Fren 
research projects including co-workers from different institutes (CIRAD, 
INRA, ORSTOM) based in metropolitan France and In overseas departments are 
briefly reported. Recent results obtained by INRA-CRAAG's phytobacterio-
logical laboratory include: 

The behavior of P. solanacearum in receptive and suppressive soils; 
Characteristics of local strains, especially host range and aggres-
siveness ; 
The existence of healthy carriers among tomato plants, i.e., plants 
bearing latent infections in vascular tissues. 

Programs are being developed according to two complementary control 
strategies interdependent from results obtained by molecular biologists 
and breeders. They are: 

Biological control of BW using genetically constructed avirulent 
mutants; and 
BU resistance mechanisms, with particular attention to bacterial 
colonization (density, localization) and to incidence of environ-
mental factors on resistance of cultivars. 

RESUME 

Pseudomonas solanacearum (Smith) Smith, l'agent du f létrissement bac-
térien, est un gerine vasculaire d'origine tellurique. Ces propriétés de 
l'agent pathogène le rendent particulièrement apte à s'adapter aux contraint 
ce l'environnement. Il en résulte une forte variabilité de l'agressivité 
Oes souches qui rend difficile la lutte dans les zones tropicales concernées 
Les programmes de recherche Frnaçais des équipes de différents Instituts 
(CIRAD, INKA, ORSTOM) basés en Métropole et dans les départements d'Outre 
Mer, sont brièvement cités. Les résultats recents du laboratoire de phyto-
bactériologie du CRAAG concernent: 
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- L'étude du comportement de P. solanacearum dans des sols receptifs 
et sup pressifs, 

- Les caractéristiques des souches locales, principalement le spectre 
d'hôte et l'agressivité. 

- La mise en évidence de plantes porteur sains, c'est-à-dire qui pré-
sentent des infections latentes dans les tissus vasculalres. 

Les programmes développés concernent deux stratégies de lutte complémen-
taires, en interdépendance avec les résultats obtenus par les biologistes 
meléculaires et les améllrlorateura: 

- la lutte biologique par utilisation de mutants avirulants obtenus 
à INTRA-Tou louse par construction génétique. 

- les mécanismes de résistance au flétrlssement bactérien, en portant 
une attention particulière à la colonisation bactérienne (densité 
et localisation) et à l'incidence des facteurs de l'environnement 
sur la résistance des cultlvars. 

INTRODUCTION 

Bacterial wilt (BU) is a vascular disease caused by Pseudomonas 
solanacearum (Smith) Smith, a soilborne pathogen. This tracheobacteriosis 
causes important loses In the tropics and subtropics on various crops, specially 
vegetables and bananas, but also on ornamentals (Kelman, 1985). As for other 
bacterial pathogens, one world-wide method of control consists of the culti-
vation of resistant varieties. Virulence (qualitative parameter) and 
aggressiveness (quantitative variation of virulence) plus variability 
of local strains compared to those of strains used for breeding BW resist-
ance remain the limiting factors for long-term effectiveness of this 
strategy. 

Host range classification of the strains was determined according tci 
Buddenhagen et al. (1962): 

Race 1: These ubiquitous solanaceous strains affect many crops and 
a broad host range is reported. Those strains are active 
at high temperatures (25-302C) in lowlands. 

Race 2: Musaceous strains which cause Moko disease of bananas. 

Race 3: These strains are pathogenic on potato and tomato. This race 
is active at lower temperatures (18-239C) in elevated areas. 

Race 4: (described from The Philippines) and race 5 (described from 
China) have been reported pathogenic on ginger and mulberry, 
respectively. 

This race classification systems used fur P. solanacearum strains is 
peculiar because it does not retain a taxononiic value, but practical interest 
was considerable making it internationally admitted. Cenerally, strains 
are also complementary typed according to Hayward's biovar (Bv) classification 
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(Hayward, 1964), i.e., the ability of the strains to hydrolyze 3 hexose-
alcohols and 3 disaccharides. Races and blovars do not correspond, except 
that strains classified race 3 are also typed Bv II. 

BW resistance level of naturally (native bacterial population) of arti-
ficially (selected strain) bred varieties, manifestation of BW resistance 
properties, and development of pathogenic characteristics in the pathogen 
population are interdependent variables. This may explain the difficulties 
of developing a standard model to bring the disease under control. 

Resistant cultivars and knowledge of population structures are first 
steps for an integrated control strategy (ICS). The purpose of this paper 
Is to report rapid activity by French laboratories in BW research, and 
recent advances in the determination of some ICS parameters obtained in 
the French West Indies. 

RAPID IDENTIFICATION BY THE FRENCH LABORATORIES CONCERNED IN BW STUDIES 

Laboratories involved in BW research include co-workers from CIRAD, 
INRA, ORSTOM, and University (CIOU). Approximately 20 researchers are 
working on different aspects of ICS like plant breeding, phytobacteriology, 
agronomy, molecular biology, weed science, and soil science (Prior et al., 
1990a). Those laboratories are located in metropolitan France, in the over-
seas departments (Guadeloupe, Martinique, and Réunion) and in experimental 
stations in Africa (Fig. 1). Molecular biology and biochemistry for inves-
tigation of P. solanacearum pathogenicity are advanced basic research devel-
oped in metropolitan France. Complementary programs from abroad perform 
in downstream and applied research. 

PHYTOBACTERIOLOGICAL RESEARCH AT INRA-CRAAG 

Resuits from the Past Five Years Concerning Sol1-Plant-P. solanacearum 
Interactions. 

The telluric phase of the bacteria has been studied in receptive and 
suppressive soils in Guadeloupe. In receptive ferritic soils, the disease 
may be controlled by fertilizing the soil with high nitrogen-content organic 
matter (Clairon, 1989; Prior and Béramis, 1990). In suppressive vertisols, 
a relation has been noted between the hydric behavior associated with micro-
struturated clays in this soil and the suppressive properties (Schmit 
et al., 1989). 

Strains from the FWI are typed race 1/Bv I and III. Host range and 
aggressiveness of the strains isolated in Guadeloupe and Martinque were 
studied. A high variability of the strains was recorded according to the 
aggressiveness which was high compared to different international refer-
ence strains (Prior and Steva, 1990; Prior et al., 1990b). Knowledge of 
variations in strains has been considered in BW resistance breeding 
programs. 

Studies for the BW resistance mechanisms were undertaken with particu-
lar attention to the bacterial colonization of three resistant tomato 
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Figure 1. Laboratories involved in bacterial wilt research and control 

Location Activity concerning BU 

INRA laboratories 
in metropolitan France: 

Angers 

Avignon 

Paris 
Toulouse 

Versailles 

CIO Laboratories 
in the overseas departments: 

Guadeloupe (INRA-CRAAC) 
Breeding : G. Anaïs 
Agronomy: M. Clairon 
Weed science: J. Fournet 
Phytobacterlology : Ph. Prior 

Réunion (CIRAD-IRAT) 
Bacterial population dynamic: 
J. F. Nicole 
Screening of variety for resistance: 
J. C. Girard 

Martinique (CIRAD, ORSTOM) 
Interaction between P. solanacearum 
and root-knot nematodes: P. Cadet, 
P. Quénéhervé 

Laboratories and experiment 
stations in Africa: 

Congo (ORSTOM) 
Phytotechny: C. Declerc 

Burkina Faso 
(CIRAD) Breeding: J. D'Arondel de Hayes 

cultivars. For all those varieties, latent infections were put forward. 
The results showed a lack of resistance by the root to penetration by 
P. solanacearum and vascular tissues were reported tolerant to bacteria 

Bacterial population dynamic: 
J. Luisetti, J.P. Paulin 
(collaboration with IRAT-Réunion) 
Breeding programs for BW resistance: 
H. Latterot 
Molecular biology: A. Kotoujansky 
(1) Genetic determinism of 

pathogenic!ty: C. Boucher 
(2) Biological control: A. Trigalet 
Behavior of bacteria in soil: 
J. Schmit (collaboration with 
CRAAG) 
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for all those varieties (Prior et al., 1990c). The establishment and the 
characteristics of the latent Infections appear to be new criteria 
readily accountable for inbreeding programs (Grimault and Prior, 1990). 
In addition, biological (nematodes) and/or physical (temperature) stress 
appeared to be sensitizer factors or releasing factors of the disease 
(Cadet et al., 1989). 

Recent Developments In Biological Control of Pathogen and BW 
Resistance Mechanisms 

The attempt to biologically control solanacearum is a program in 
collaboration with the group from INRA-Toulouse. The results obtained at 
the Toulouse laborabory show that avirulent strains obtained by transposon 
mutagenesis effectively control BW-susceptible plants from disease when 
infected by a virulent strain (Trigalet and Trigalet-Denery, 1990). The 
protective avirulent mutant colonizes the tomato stem. The protection 
efficiency and the effect of its incidence on the yield were first tested. 
Research was undertaken to determine mechanisms that control the protective 
effect. The biological control has been tested already in contained green-
house under Guadeloupëen environmental conditions. 

The program to study BW resistance mechanisms was carried out by 
focusing on spacial and temporal colonization of resistant cultlvars com-
pared to a susceptible one by P. solanacearum. Additional resistant 
varieties were collected to determine the relationship that may be involved 
between BW resistance level and characteristics of bacterial plants coloni-
zation. A histological study of the infections of different cultlvars will 
be carried out in collaboration with the group from INRA-Versal1les. 
After those parameters have been determined, this research project will 
include a study on the environmental effect on plant tolerance to P̂ . 
solanacearum. 

CONCLUSIONS 

Results obtained on P. solanacearum survival and behavior in soil 
have to be integrated in a larger project on cultivation systems in irri-
gated areas. In addition, the tolerance of tomato vascular tissues to 
solanacearum and associated BW resistance was considered as useful infor-
mation with important epidemiological consequences in various situations. 

The first situation concerns the maintainance of high Inoculum levels 
in diseased areas. Healthy carrier plants (80-100 per cent in the field) 
may be unsuspected bacterial sources, resulting in an increase of inoculum 
potential in fields where the disease is not prevalent (Prior et al., 1990) 

The second situation concerns an original way of conducting research 
for BW sensitizer stress factors analysis. Stress will be considered as 
precipitating wilt factors. It is hopeful that under these conditions, 
environmental wilt factor incidences, which are poorly understood, could 
be analytically investigated. The principal and ambitious objective was a 
precise identification of complementary criteria for BW breeding programs. 
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Integrated controls for BW Include modern biological molecular genetic 
studies. This branch of phytopathology provides considerable information 
on the basis of pathogenicity, resulting in a realistic biological control 
of virulent strains of solanacearum in planta. This strategy Implies 
the need for important work for the selection of the best protective aviru-
lent mutant in association with a study of genetic construction stability 
(recombination rate). Preliminary studies are to be performed on suscep-
tible cultivars. A powerful control is expected which will probably be 
tested for pleiotropic effects against different vascular tomato pathogens. 
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ABSTRACT 

A field experiment was established on Corozal clay (Aquic Tropudults) 
to evaluate the effect of periodic applications of chicken manure on plan-
tain (cv. Maricongo) performance and yield. Plantain plants receiving 
periodic applications of manure, up to 7.26 kg/plant/crop, showed similar-
growth and yield to the check plants fertilized with the fertilizer formula 
10-5-15 + sulpomag. Plantain bunch weight of the manure treated plots 
ranged from 13.44 to 18.91 kg and the number of fruits ranged from 41.7 to 
49.4 fruits/bunch. Average bunch weight and average number of fruits of the 
check treatment was 13.04 kg and 41.,7 fruits/bunch, respectively. Among 
leaf samples collected at four and nine months after planting, very little 
variation in nutrient concentration and content was observed among treatments. 

INTRODUCTION 

Chicken manure has long been recognized as a valuable fertilizer source 
(Hileman, 1973; Perkins et al., 1964). This material Is currently used in 
the United States as fertilizer on corn and small grains, and in vegetable 
production systems (Carreker et al., 1973; Liebhardt, 1976; Segars, 1981; 
Sims, 1987). The nutrient content of the manure will vary depending on the 
age, type, and condition of the birds, storage conditions, and moisture 
content. Strong and Segars (1981) reported nutrient content values for 
broiler manure of 2.72, 2.34, 1.50, and 1.48 per cent for Ν, P2O5, K20« «nd 
Ca, respectively. Klausner and Bouldln (1983) reported lower values, 
1.1-2.0% N, 1.9-3.0% P2O5, and 0.75-1.25% K 20. Munoz et al (1990) observed 
nitrogen contents in the range of 2.47 to 3.75% N, depending on the age of 
the material. The lowest Ν value was observed on the oldest (24 months) 
manure studied. The authors also observed an increase in available Ρ with 
age of manure. Available Ρ represented 10, 68, and 97 per cent of total 
Ρ in fresh, two-month-old and 24 month-old manures, respectively. 

Chicken manure is readily available in considerable amounts in Puerto 
Rico (Munoz et al., 1990) with approximately 72,000 metric tons produced 
annually. At present there is no efficient way to dispose of this material 
that in many instances represents an environmental hazard (EQB Report 
1984-85). The use of chicken manure as fertilizer provides a useful and 
practical approach for its disposal. The material is used to a small 
extent as fertilizer for plantain, banana, papaya, and chayote, among 
other crops. However, no research data on appropriate application rates, 
mode and frequency of application, or crop response have been reported 
in Puerto Rico. 
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Plantains (Musa acumlna ta χ f). balbislana, AAA) rank second only to 
coffee In economic importance in Puerto Rico (Ortiz, 1989). During 1988-89 
plantains contributed $40.65 millions to the gross national income, which 
represents 5.56 per cent of the total gross income generated by agricul-
tural commodities. The response of plantains to fertilization has been 
studied by several workers in Puerto Rico. Vicente-Chandler and Figarella 
(1962) found that plantains growing on a Huma tas clay (Typic Tropohumults) 
responded to applications of 224 kg of N/ha and 98 kg of P/ha, but no 
response to K, Ca, or Hg was observed. Del Valle et al. (1978) also 
reported a significant response in yield with the application of 56 kg of 
P/ha. On the other hand, Caro-Costas et al. (1964) reported a significant 
increase in plantain yield on the same soil type with the application of 
224, 98, 448 and 112 kg/ha of Ν, Ρ, K, and Mg, respectively. Irizarry et 
al. (1981a) evaluated the nutrient uptake of intensively managed plantains 
on two soil types, an Inceptisol and an Ultisol, and suggested that about 
338, 58, 780, and 100 kg/ha of Ν, P2O5, K2O, and MgO, respectively, must 
be applied to plantains to obtain maximum yields. 

The study herein reported was conducted to evaluate the use of chicken 
manure as a nitrogen source for plantains. An estimate of the amount of 
chicken manure needed to fulfill the Ν requirement of plantains was calculated 
based on previously reported data (Irizarry et al., 1981; Muîioz et al, 1990). 

MATERIALS AND METHODS 

A field experiment was established attheCorozai Agricultural Experi-
ment Substation located on the central part of Puerto Rico, using the plan-
tain cultivar Maricongo as the test crop. Annual rainfall at the test site 
is about 1,600 mm, elevation is about 200 m, and the maximum and minimum 
temperatures are 20 and 30-C, respectively. The experiment was established 
on a Corozal clay (clayey, mixed, lsohyperthermic, Aquic Tropudults). A 
composite soil sample was collected at the beginning of the experiment for 
routine analysis (Page et al., 1982). The pH of the soil was measured in a 
2:1 water:soil ratio.. Available Ρ was determined by the Bray II method. 
Exchangeable cations (Ca, Κ, Mg) were extracted with 1 Ν ammonium acetate 
(pH 7) and determined by atomic absorption spectroscopy using a Perkin Elmer 
2380 atomic absorption spectrophotometer. The soil has a pH of 5.82, an 
available Ρ content of 14.30 >ig/g, and 0.68, 10.68 and 1.15 cmolc/kg of K, 
Ca, and Mg, respectively. 

Duplicate samples of chicken manure were analyzed for total and avail-
able nutrient content. For total nutrient content, the samples were digested 
in a mixture of sulfuric acid and hydrogen peroxide with selenium as a 
catalyst. Nitrogen and Ρ were analyzed colorimetrically using a Technicon 
II Autoanalyzer. Potassium, Ca, and Mg were analyzed by atomic absorption 
spectroscopy. Available Ρ and exchangeable K, Ca, and Mg were analyzed as 
described previously for the soil. 

The estimate of the amount of chicken manrue to be applied per plant 
was performed based on the assumption that a plantain plant will require 
about 109 g of Ν per growing season (Irizarry et al., 1981). Since the Ν 
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content of the manure may range from 2.5 to 4.0 per cent, we based our 
estimate on a 3.0 per cent Ν value. Taking the average Ν value of 3.0 
per cent and assuming that only 50 per cent of the total manure nitrogen 
will be available during the first year of application the following 
estimate was obtained: 

X = 0.109/(0.03) (0.5) 
X = 0.109/0.015 
X s 7.26 kg of u n n r e 

Based on this estimate, six manure treatments were established based on the 
frequency of application, but all of them adding up to a total manure appli-
cation of 7.26 kg/plant. The recommended fertilizer rate for the region 
(1.16 kg/plant/year of 10-5-15+Sulpomag) was included as the check treatment. 
A total of seven treatments were arranged in a complete randomized block 
design with four replications. Each experimental plot consisted of 18 
plants (three rows of 6 plants each), spaced 1.8 m between and within rows, 
for a total plant population of 2,989 plants/ha. 

Treatment description was as follows: 

(1) 7.26 kg/plant mixed with soil at planting. 

(2) 1.36 kg mixed with the soil at planting, 2.27 kg two months after 
planting, 2.27 kg six months after planting, and 1.36 kg nine 
months after planting. 

(3) 3.18 kg mixed with the soil at planting and three applications of 
1.36 kg at two, six, and nine months after planting. 

(4) 1.86 kg mixed with the soil at planting and two applications of 
2.72 kg at two and six months after planting. 

(5) The same treatment as #3, but the 3.18 kg were not mixed with the 
soil at planting. 

(6) Check treatment of 1.16 kg/plant/year of 10-5-15+Sulpomag divided 
in four applications. 

(7) A broadcast applciation of 9.08 kg/plant incorporated into the 
soil prior to planting. 

The manure treated plots also received an application of 198 g of 
K20/plant/crop as Sulpomag, divided in four applications, at 2, 4, 6, and 
9 months after planting. Pest control was performed in accordance with the 
Agricultural Experiment Station recommendations (Irlzarry and Montalvo-
Zapata, 1986). 

Whole leaf samples (third upper leaf) were collected for nutrient 
analysis at four and nine months after planting. The leaves were placed 
into paper bags, dried in an oven at 708C, ground, and analyzed for Ν, P, 
K, Ca, and Mg. Total nutrient content was determined as described previously 
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for the chicken manure. Data on yield (bunch weight and number of fruits/ 
bunch) and nutrient content of leaves was statistically analyzed using 
analysis of variance and Duncan Multiple Range tests. 

RESULTS AND DISCUSSION 

The application of 7.26 kg/plant of chicken manure at planting (treat-
ment 1) adversely affected germination and so some replanting was necessary 
The significantly lower leaf dry weight observed for this treatment at four 
months after planting was the result of the delay in germination (table 1). 

Table 1. Dry weight and nutrient concentration of leaf samples collected 
four months after planting. 

Sample dry Nutrient concentration (%) 
Trea tment weight (g) 

Ν Ρ Κ Ca Mg 

1 14. ,9bl 3.19a 0. ,16a 4. ,96a 1. ,07ab 0.26a 
2 25, . 7ab 2.64b 0. , 12b 3. ,36c 1, ,07ab 0.21a 
3 29. , la 2.80ab 0. ,13b 4. . 44ab 1. ,08b 0.27a 
4 30. ,9a 2.86ab 0. ,13b 3. . 98bc 1. ,12a 0.26a 
5 25, . 6ab 2.95ab 0. ,13 b 4, .81a 0, ,84b 0.25a 
6 30, ,7a 2.55b 0. ,12b 3. ,57c 0, , 98ab 0.21a 
7 31, ,3a 2.78ab 0. ,12 b 3. . 87bc 1. ,20a 0.25a 

lUeaus followed by the same letter or sequence of letters do not differ 
significantly at the 57. probability level. 

Once germination took place, however, plant growth was similar to that of 
the other manure treatments and no significant differences were observed 
in leaf dry weight samples collected nine months after planting (table 3). 
Treatment 1 also showed higher Ν, P, and Κ concentration on leaf samples 
collected four months after planting (table 1). However, when the nutrient 
content (mg/sample) was considered, this treatment showed the lowest nutrient 
content values (table 2)'. This indicates a dilution effect resulting from 
higher growth of the other treatments. 

Values of 3.2-3.9 per cent N, 0.17-0.20 per cent P, 3.0-3.6 per cent K, 
0.6-0.8 per cent Ca, and O.J per cent Mg on seven-month-old plants have been 
associated with optimum yieids (Caro-Costas et al., 1964; Vicente-Chandler 
and Figarella, 1962). The Ν content in the present study is close to the 
lower limit of the indicated optimum range. The fact that the midrib, 
which has a lower Ν content than the blade, was included in the sample 
may be the reason for the apparently low Ν content observed. 

No significant differences in Ν, P, and Ca content (mg/sarnple) of leaf 
samples collected nine months after planting was observed among treatments 
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Table 2. Nutrient content of leaf samples collected four months after 
planting. 

Nutrient content (Mg/sample) 
Treatment Ν Ρ Κ Ca Mg 

1 479bl 24a 764a 157c 40b 
2 671ab 31a 849a 275ab 54ab 
3 822ab 39a 1305a 307ab 80a 
4 875a 40a 1219a 347a 79a 
5 736ab 33a 1253a 216bc 61ab 
6 778ab 35a 840a 284ab 70ab 
7 867a 36a 1200a 360a 78a 

^Means followed by the same letter or sequence of letters do not differ 
significantly at the 57. probability level. 

Table 3. Dry weight and nutrient concentration of leaf samples collected 
nine months after planting. 

Sample dry Nutrient concentration (%) 
Treatment weight (g) 

Ν Ρ Κ Ca Mg 

1 84.6a1 2. .97b 0. ,22a 3, ,68a 0 .87a 0.30a 
2 106.3a 2. ,86b 0. ,22a 3, ,69a 0 • 66b 0.27ab 
3 93.5a 2. ,86b 0, ,22a 3, ,53a 0 .84a 0.32a 
4 117.1a 2. ,82b 0, ,21a 3. ,40a 0 .86a 0.30a 
5 103.5a 2, .84b 0 , ,22a 3, .48a 0 .88a 0.30a 
6 79.1a 3. .26a 0, ,22a 3. ,41a 0 .82a 0.25b 
7 108.9a 2, .72b 0 , .22a 3 .57a 0 .80a 0.28ab 

^Means followed by the same letter or sequence of letters do not differ 
significantly at the 57. probability level. 
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(table 4). However, treatments 2, A, and 7 resulted in significantly 
higher Κ content than the check treatment. Treatments 2 and A differ from 
the other manure treatments because they received lower manure rates at 
planting, 1.36 and 1.86 kg, respectively. Although treatment 7 received 
the highest manure rate (9.08 kg/plant), the material was broadcast applied 
and incorporated into the soil. This practice reduces damage to the suckers 
as a result of high manure applications, as it was the case for treatment 1. 

Table A. Nutrient content of leaf samples collected nine months after 
planting. 

Nutrient content (Hg/ sample) 
Treatment 

Ν Ρ Κ Ca Mg 

1 2483a 183a 3109ab 737a 254ab 
2 3032a 234a 3814a 738a 298ab 
3 2682a 204a 3209ab 796a 312ab 
A 3289a 241a 3971a 1008a 352a 
5 2990a 224a 3587ab 914a 309ab 
6 2612a 171a 2539b 657a 189b 
7 2967a 236a 3778a 893a 311ab 

1-Means followed by the same letter or sequence of letters do not differ 
significantly at the 5% probability level. 

Data on plantain bunch weight, number of fruits per bunch and average 
fruit weight is presented on Table 5. Plantain bunch weight ranged from 
13.1 to 18.7 kg and the number of fruits from A1.7 to A9.2. Average fruit 
weight ranged from 380 to 294 g. Yield parameters were similar to the 
optimum values reported by Irizarry et al., (1978) and Irizarry et al., 
(1981). The authors reported number of fruits per bunch ranging from 30-60 
and an average weight for marketable fruits of 270 g. 

There is no clear explanation for the higher yields obtained with treat 
ment 1. Since flowering in these plots ocurred later in the growing season, 
there is the possibility that climatic conditions influenced the nubmer of 
fruits per bunch. The other manure treatments showed similar yield to the 
check treatment, which suggests that the nitrogen requirement of the crop 
was satisfied with the application of 7.26 kg of manure per plant. 

Broadcast application of the manure and incorporation in the soil seem; 
to be the most practical· and efficient way for the farmer. Since only one 
application is made, labor costs are reduced. Also the incorporation of th£ 
manure into the soil will reduce nutrient lost as result of runoff, volatil-
ization and leaching. These processes may account for the heavy losses of 
nitrogen and potassium. However, the future incorporation of the manure to 
the soil will be limited to areas where mechanization is feasible. 
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Table 5. Effect of manure treatments on plantain yield. 

W e i . # Fruits/ Average Fruit 
Treatment . b Bunch Weight 

1 18. .7al 49, ,2a 380 
2 14, ,2a 42, ,5b 334 
3 13, ,5a 42. ,1b 321 
4 14. ,7a 43. ,7b 336 
5 13. ,4a 41, ,7b 321 
6 13. ,la2 44. o·.

 
er
 294 

7 14, .la 42. ,3b 333 

^Means followed by the same letter are not significantly different at the 
5X probability level. 

2 Check treatment consisting of 1.16 kg of 10-5-15 + Sulpomag/plant/year. 

Any farmer who might directly apply manure to the suckers at planting 
should be aware that germination may be adversely affected. Applications 
around 1.5 kg/plant at planting seems adequate. Since a per cent of the 
nutrients in the manure is not readily available to the crop, it is 
advisable to apply the manure no later than the sixth mon th after planting. 
The farmer should also be aware that the Κ content of the manure is not 
enough to satisfy the demand of plantains and some potassium fertilizer 
should be applied. 
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STUDIES ON SOME OF THE CAUSES OF THE HIGH ABSCISSION RATE 
FOUND IN PICEONPEA /Cajanua cajan (L.) Hillsp7 

W. Mustapha and G. SirJu-Charran 

Department of Plant Science 
University of the West Indies 

St. Augustine, Trinidad 

ABSTRACT 

Histological observations of the ovaries of the abscised reproductive 
structures (at anthesis) in the dwarf pigeonpea cultlvars (UW10, UW17 and 
UW26) showed a high incidence of unfertilized ovules (76-90 per cent. In 
the ovaries of the excised immature pods (post-anthesis) of the above cul-
tivars, a comparatively low proportion of unfertilized ovules (14-17 per 
cent) was observed. A slightly higher proportion of unfertilized ovules 
(26-33 per cent) was observed in mature pods of the three cultivars. Sta-
tistical analyses revealed no significant differences in the number of 
unfertilized ovules among the cultivars studied In the abscised, excised, 
and mature reproductive structures of pigeonpea. These results suggest 
that, in pigeonpea, there is no critical number of ovules which need to 
be fertilized in order for successful pod-set to occur. 

INTRODUCTION 

The great majority of the flowers of pigeonpeas (greater than 85 per 
cent), are shed without setting pods (1). This phenomenon has been attrib-
uted to: competition from earlier formed pods and other sinks within the 
plant (6); hormonal signals; incomplete development of translocatory 
tissues (4); the necessity for tripping to achieve successful fertilization 
(5); self-incompatibi 11ty (3): inadequate pollination; inadequate supply of 
photosynthates (7); and unsuccessful fertilization of ovules (2). 

The purpose of this study was to determine whether a critical number 
of ovules must be fertilized before pod-set could occur. 

MATERIALS AND METHODS 

The reproductive structures used were obtained randomly from pigeon-
pea plants (cvs. UWIO, UW17, and UW26) grown in tins containing a 1:1:1 
mixture of clay, sand, and manure and spaced at 0.5m χ 0.5m within a com-
pletely rnadomlzed design. 

Abscised flowers at anthesis and excised immature pods at post-anthesis 
were prepared histochemically and each ovule checked for the presence of 
tri-nucleate endosperm, the presence of which signifies successful fer-
tilization. Intact mature pods were observed at random on the plants of 
each cultivar. Gentle pinching of each locule determined whether a full 
or an aborted ovule existed therein. 
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Statistical analyses were performed on all data which had been trans-
formed using the relation: 

Y=Sin-

where: X is datum in X; 

Y is X transformed to degrees; 

Ζ Is 100X. 

RESULTS AND DISCUSSION 

Table 1 shows that there were fertilized ovules in ovaries of abscised 
flowers suggesting that successful fertilization of all ovules is not a key 
factor for pod-set to occur. 

Table 1. The numbers of non-fertilized ovules per abscised ovary, 
expressed in percentages and degrees, are shown for each 
cultivar (UU10, UU17, and UU26) 

UU10 UW17 UU26 
Cultivar Trans- Trans-

Number % Non- formed Number X Non- formed 
Ovary of ferti- to of ferti- to 
Number Ovules llzad degrees Ovules llzed degrees 

Number X Non-
of ferti-

Ovules lized 

Trans-
formed 

to 
degrees 

1 3 66.7 54, .7 4 100 90 3 100 90 
2 3 100 • 90 3 100 90 4 100 90 
3 5 100 90 3 66. 7 54. ,7 4 50 45 
4 4 100 90 4 100 90 4 100 90 
5 3 100 90 3 100 90 3 100 90 
6 2 100 90 4 100 9Û 4 25 30 
7 5 100 90 3 100 90 4 75 60 
8 6 83.3 65. ,9 2 100 90 4 50 45 
9 5 100 90 4 100 90 3 100 90 
10 4 100 90 4 100 90 3 100 90 
11 3 100 90 3 100 90 3 100 90 
12 4 100 90 3 100 90 3 33. ,3 35,2 
13 4 100 90 3 33, ,3 35. ,2 4 0 0 
14 6 100 90 4 75 till 3 66, ,7 54 „7 
15 3 100 90 4 50 45 3 100 90 
16 5 40 39. .2 3 66, ,7 54. ,7 3 100 90 
17 5 80 63. .4 4 50 45 3 100 90 
18 5. 100 90 4 75 60 3 66. 7 54. 7 
19 5 80 63. ,4 3 100 90 3 100 90 
20 3 66.7 54. ,7 2 50 4 5 4 100 90 

The null hypothesis tested was that "there was no difference in the 
number of non-fertilized ovules per abscised ovary among the cultivars 
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studied". The non-signfleant variance ratio In Table 2 indicates that 
there is a difference in the number of non-fertilized ovules (0-100%) found 
in an abscised ovary of each cultivar. This suggests that there Is no 
definite nubmer of unfertilized ovules to be found in an abscised ovary of 
any cultivar. 

Table 2. Analysis of variance among the cultlvars studied for non-
fertilized ovules in flowers absclssed at anthesls. 

Between varieties 

Error 

Total 

Sum of Degrees of 
squares freedom 

984.3853 2 

27645.4965 57 

28629.8818 59 

Mean Variance 
square ratio 

492.1927 1.015 

485.0087 

It was expected that most, if not all, the ovules would be fertilized 
before pod-set was initiated. In these excised immature pods there are 
ovules which have not been fertilized, yet the pod is developing (Table 3). 
This suggests that successful fertilization of all the ovules In an ovary 
is not necessary to initiate pod development. 

Table 3. The number ο 
expressed in 
(UU10, UW17, 

f non-fertilized 
percentages and 
UW26). 

ovules per excised immature pod, 
degrees, are shown for each cultivar 

UU10 w UW26 
Cultivar 

Ovary 
Number 

Number % Non-
of fertl-

Ovules lized 

Trans-
formed 

to 
Number 

of 
% Non-
ferti-
lized 

Trans-
formed 

to 
Number % Non-

of ferti-
Ovules lized 

Trans-
formed 

to 

1 3 0 0 4 0 0 3 33. ,3 35.3 
2 4 0 0 4 0 0 3 0 0 
3 4 0 0 4 0 0 3 0 0 
4 3 0 0 3 33. 3 35.2 4 0 0 
5 3 0 0 4 25 30 4 0 0 
6 4 25 30 4 0 0 4 0 0 
7 3 33.3 35. .2 4 0 0 4 25 30 
8 3 0 0 4 0 0 4 25 30 
9 4 0 0 4 25 30 3 33. ,3 35.2 
10 3 33.3 35. .2 3 33. ,3 35.2 3 0 0 
11 4 0 0 3 33. ,3 35.2 3 33. ,3 35.2 
12 4 25 30 4 25 30 3 33. .3 35.2 
13 6 16.7 24. .1 4 50 45 3 33, ,3 35.2 
L4 6 33.3 35. .2 3 0 0 4 33, ,3 35.2 
15 6 40 39. 2 3 0 0 3 50 45 
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The low variance ratio in table 4 negates the null hypothesis tested, 
showing that there is no relationship in the number of non-fertilized ovules 
per immature pod per cultivar studied. 

Table 4. Analysis of variance among the cultlvars studied for non-
fertilized ovules in excised pods at post-anthesls. 

Sum of Degrees of Mean Variance 
squares freedom square ratio 

Between varieties 100, .45600 2 50, ,228 0.156 

Error 13520, .5*1378 42 321. ,920 

Total 13621, .04978 44 

Data on Table 5 show that there: were non-fertilized and/or aborted ovules 
in fully developed pods. Aborted ovules ranged in sizes indicating that the 
critical factor involved was possibly the availability of photosynthates. 

Table 5. The numbers of non-fertilized ovules per mature pod, expressed 
in percentages and degrees, are shown for each cultivar (UW10, 
UW17 and UW26). 

UW10 UW17 UW26 
Cultivar Trans- Trans- Trans-

Number Ζ Non- formed Number 7. Non-formed Number 7. Non-formed 
Ovary of ferti- to of ferti- to of ferti- to 
Number Ovules 11 zed degrees Ovules llzed degrees Ovules lized degrees 

1 6 0 0 5 40 39.2 4 0 0 
2 4 25 30 4 50 45 3 66.7 54.8 
3 6 0 0 4 25 30 2 0 0 
4 5 0 0 3 33.3 35.2 4 25 30 
5 5 20 26.6 3 66.7 54.8 4 25 30 
6 3 33.3 35.2 4 25 30 5 20 26.6 
7 6 33.3 35.2 4 25 30 4 0 0 
8 5 60 50.8 4 50 45 4 75 60 
9 6 66.7 54.8 4 25 30 5 20 26.6 
10 7 28.6 32.3 4 0 0 4 75 60 

The non-significant variance ratio (Table 6) again led to the null hypo-
thesis being rejected. This shows that there is no relationship in the 
numbers of non-fertilized (or aborl-.ed) ovules per ovary, per cultivar. 

CONCLUSIONS 

Previous reports listed unsuccessful fetllization as a major factor 
leading to flower abscission. The results of this study showed that flowers 
abscised in spite of the presence of fertilized ovules. Additionally, pod 
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Table 6. Analysis of variance among the cultlvars studied for non-
fertlllzed ovules in mature pod«. 

Sum of 
squares 

Degrees of Mean Variance 
freedom square ratio 

Between varieties 289.18467 2 144.59 0.363 

Error 10742.22500 27 397.86 

Total 11031.40967 29 

set occurred without all the ovulea being fertilized. Mature pods were 
found having only one ovule fertilized. These results did not support the 
theory that there Is a critical number of ovules needed to be fertilized 
for pod set to occur, Instead they suggested that there were other over-
riding factors. One such factor could be the insufficient photosynthates 
to support the growth of all reproductive structures. Linked to this is 
the fact that pigeonpea is a perennial and there is much partitioning of 
photosynthates in favor of vegetative growth at the expense of the develop-
ing reproductive structures. Thus the plant itself Is a stronger sink than 
the developing reproductive structures, therefore leading to the abscission 
of these reproductive structures. 
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RESPONSE OF Pennlaetum purpureum DWARF SELECTION TO 
THREE CUTTING INTERVALS AT TWO LOCATIONS IN PUERTO RICO 

S. Torres-Cardona, A. Quiles-Belën, and A. Sotomayor-RIos 

United States Department of Agriculture 
Agricultural Research Service 

Tropical Agriculture Research Station 
Mayaguez, Puerto Rico 

ABSTRACT 

The response of five Pennlsetum purpureum dwarf selections and napler-
grass (Pennlsetum purpureum) were examined In Puerto Rico on an Oxisol and 
on an Ultisol at cutting intervals (CI) of 45, 65, and 85 days. Differences 
between genotypes were significant for most traits studied. All genotypes 
showed higher forage yields, crude protein content (CPC), plant height, 
and In vitro dry matter digestibility when grown on an Ultisol. In general, 
as length of CI increased, yields of forage increased, although CPC and 
IVDMD decreased. The forage yields of napiergrass were superior to those 
of the dwarf selections at the three CI at both locations except N43, which 
was superior. Across locations, Pennlsetum dwarf selection N43 mean dry 
forage yields were 5.5, 11.0, and 12.3 t/ha at the 45 (7 harvests), 65 
(5 harvests), and 85 (4 harvests) days interval, respectively. This rep-
resents 17, 32, and 0.7 per cent more yield than that of napiergrass. 
The 65-day CI appeared to be the most appropriate time to utilize the 
grasses. At this stage the dry forage yields were 8.4, 3.9, 5.0, 5.4, 6.2, 
and 11.0 t/ha of napiergrass and dwarf selections N127, N75, N128, N114, 
and N43, respectively. The IVDMD for the same CI ranged from 49 to 55 per 
cent while the CPC ranged from 6 to 12 per cent. The excellent forage 
production of the Pennlsetum dwarf selections plus their outstanding forage 
quality attests to their potential as valuable grasses for the tropics. 

239 



TUE YAM PROGRAMME NETWORK OF TUE OECS 

L. Degras 

YPN Technical Advisor 
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Guadeloupe, FWI 

ABSTRACT 

The Yam Programme Network (YPN) of the OECS was born at St. Lucia in 
1989 through a Workshop held by OECS Delegates and hosted by MOA of St. 
Lucia, French Technical Cooperation and IICA, CARDI, and INRA acting as 
resource research institutions. Experimentation and propagation of choiced 
yam varieties, farm and agricultural stations advisory visits have followed. 
ToGlay, prospects are opening towards transformation in a more comprehensive 
Network based on Root Crops, Plantain, Banana and Vegetable, giving thus 
an even useful tool to the OECS food agriculture. 
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