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Opening Remarks

Chairperson: Mr. Winston Gibson, CFCS President, 2001
Chief Technical Officer, Ministry of Food Production and Marine Resources

Honourable Tevor Sudama, Minister of Food Production and Marine Resources; Honourable Dr.
Jennifer Jones-Kernahan, Minister in the Ministry of Food Production and Marine Resources; His
Excellency Ambassador for France; His Excellency Dr. Jorge Luis Pérez Alvarado, Ambassador of the
Dominican Republic; Mrs. Wendy Lee Yuen, President of the Agricultural Society of Trinidad and
Tobago and Chairperson of the National Agricultural Marketing and Development Corporation; Mrs.
Maureen Manchouk, President, National Institute of Higher Education (Research and Technology); Mr.
Swallay Mohammed, Permanent Secretary, Ministry of Food Production and Marine Resources;
Dr. Alberto Beale, Chairman, Board of Directors of the Caribbean Food Crop Society (CFCS), and other
Directors of the Society; Professor Charles R. McDavid, Dean Faculty of Agriculture and Natural
Sciences, of the University of the West Indies; Dr. Compton Paul, Executive Director, Caribbean
Agricultural Research and Development Institute; Dr. Arlington Chesney, Inter-American Institute for
Cooperation on Agriculture, Regional Director and country representative for Trinidad and Tobago;
members of the diplomatic corps, distinguished guests, ladies and gentlemen.

It is with a sense of honour and a feeling of great humility, that I have the responsibility and the
pleasure of warmly welcoming each and every one of you to the opening ceremony of this the 37" Annual
Conference of the Caribbean Food Crop Society. 1 have not often had the honour of addressing such a
distinguished gathering of luminaries as are assembled here this moring.

To the several visitors in our midst, I trust that your travel arrangements went smoothly; that
transport from the airport was satisfactory and timely; and that you find your accommodation
comfortable.

Ladies and gentlemen, I stand here before you in the capacity of President of the CFCS, 2001,
and in that capacity, my primary responsibilities are for the organizing and management of all activities
related to the successful mounting of this event.

This conference brings together farmers, scholars, researchers, policy makers, extensionists,
growers, processors and several other stakeholders involved in or concemned about food production,
distribution and policy, and aims to embrace members from the four main language groups of the
Caribbean basin.

You would recall that the hugely successful 36" annual meeting and conference was held in Boca
Chica, Dominican Republic in August last year. Now it is Trinidad and Tobago’s turn, and we intend to
do everything possible to make this year’s meeting a successful and productive event.

As you know the theme of this year’s conference is “Science, Technology, and Education —
Empowering Caribbean Agriculture”. While this theme may appear to some to be broad, there is no
gainsaying the fact that if Caribbean agriculture is to become competitive and sustainable, science,
technology and education must be adopted and applied as strategic instruments to achieve that goal.

Consistent with the main theme, the conference will therefore focus on six sub-themes. These are:

~ Crop and Livestock Improvements — alternative production systems, biotechnology, non-
traditional commodities, HACCP, etc.

~ Integrated Pest Management and Food Safety — pesticides and residue levels, contaminants,
biocides, regulatory, and cultural practices

~ Post Harvest Technology — maturity and quality indicies, packaging and storage of produce,
processing, and preservation.

~ Land and Water Resources — remediation™techniques, soil amendments, application of GIS
techniques, soils and environmental pollution.



~ Marketing, Economics and Policy issues — quality assurance, marketing intelligence, and
international standards.

~ Agricultural Education and Extension — participatory research and development (the primary
focus of the Farmers Forum on Tuesday), Farmer Field Schools, methodologies for technology
transfer.

Distinguished ladies and gentlemen, the conference call for scientific papers related to the main
theme, and to the six sub-themes just mentioned, yielded some sixty-odd submissions. Over the next
week, these scientific papers will be the subject of intense scrutiny and discussions during the technical
sessions.

On behalf of the Society, and the conference organizing Committee, | wish to express our
profound appreciation to the scholars, researchers and other professionals who so resoundedly responded
to the call for papers.

During the course of the conference, six technical sessions will be held to examine the scientific
papers received and related to the six sub themes. A moderator and rapporteur have been selected for
each technical session.

A poster display has been mounted, and you are invited to view the display during the breaks
today and tomorrow.

As already stated the Farmers Forum tomorrow will address the issue of participatory research
and development as a facet of our agriculture. The theme of the forum is Farmer Participation in
Research and Development.

Wednesday has been reserved for field trips, and delegates are encouraged to indicate early which
one of the two trips they prefer to attend. On the trip to north Trinidad, participants will visit a
commercial horticulture enterprise, broiler production facility, the entomology section of the Research
Division of the Ministry of Food Production and Marine Resources, a mixed vegetable — producing farm,
and selected areas of the University of the West Indies.

The south trip will also visit the University of the West Indies, then move on to a commercial
vegetable farm, the entomology section of the Research Division, Ministry of Food Production and
Marine Resources, a large horticultural enterprise and Caroni (1975) Ltd, our largest single agricultural
entity in the country.

A dinner and cultural evening is planned for tonight at the Hilton Poolside. On Wednesday night,
the Awards Banquet will be held at the Savannah Terrace, Trinidad Hilton Hotel.

Distinguished ladies and gentlemen, this year’s event is being sponsored by CARDI, IICA, UWI
and the Ministry of Food Production and Marine Resources and each of these agencies is represented on
the hard-working organizing committee. 1 wish to thank the organizing committee for the very
professional and dedicated manner with which it approached its tasks.

Special thank you to Aurora Noguera-Devers, Joy Persad-Myers, Judith Ann Francis, Kathleen
Gittens, Michelle Evelyn, and staff.

To NIHERST, a special thank you for its role in sourcing the human and other resources for
interpretation at the conference.

To those corporate bodies which have agreed to sponsor some of the conference activities,
another special thank you.



Greetings

Dr. Alberto Beale, Acting Chairman
Board of Directors, CFCS

Good Morming!

The Honorable Trevor Sudama, Minister of Food Production and Marine Resources of Trinidad
and Tobago. Mr. Winston Gibson, Chief Technical Officer of the Ministry and President of the
Caribbean Food Crops Society (CFCS) for the year 2000-2001. Dr. Guy Anais, Vice Chairman of the
Board of Directors of the Society. Dr. Compton Paul, Executive Director of the Caribbean Agricultural
Research and Development Institute (CARDI), Executive Secretary of PROCICARIBE, and President of
the Organizing Committee of this meeting. Dr. Richard Brathwaite, Chairman of the Food Production
Department of the St. Augustine Campus of the University of the West Indies (UWI) in representation of
Dr. Charles McDavid, Dean of the Faculty of Agricuiture and Natural Sciences, and co-host of this
meeting, Dr. Arlington Chestney, Regional Director for the Caribbean of the Inter-American Institute for
Cooperation on Agriculture (IICA). The Honorable Jorge Luis Pérez Alvarado, Ambassador
Extraordinaire in representation of the Honorable Hipolito Mejia, President of the Dominican Republic.
Dr. Rafael Ortiz Quezada, Under Secretary of Agriculture for Research in representation of the Honorable
Eligio Jacquez, Secretary of Agriculture of the Dominican Republic. Distinguished Dr. Miguel A. Lugo
Loépez, Special Advisor to the Society’s Chairman and the scientist to whom this meeting is dedicated.
Ladies and Gentlemen.

We are truly delighted that after an absence of 16 years, the Caribbean Food Crops Society wili
hold its 37" Annual Meeting in Trinidad and Tobago. It gives me great pleasure to declare open this
meeting. I wish to greet you all with a great sense of friendship and respect.

I would now like to initiate the meeting presenting the members of the Board of Directors. These are:
e Dr. Guy Anais, Vice Chairman of the Board, and Research Scientist at LN.R.A. in Guadeloupe.
e Mr.Kofl Boateng, Secretary of the Board and Assistant Director of the University of the Virgin
Island’s Cooperative Extension Service.
e  Mrs. Aurora Lugo Lopez, Treasurer of the Board from Puerto Rico.
e  Mr. Winston Gibson, CFCS President for the year 2000-2001 who serves as the Chief Technical
Officer of the Ministry of Food Production and Marine Resources of Trinidad and Tobago. |

The Board members from the French Speaking countries are:
¢ Dr. Guy Anais, from L.LN.R.A in Guadeloupe.
e  Mr. Xavier Merlini, President of AMADEPA, from Martinique.
*  Mr. Marceau Farrant, Research Scientist from INRA in Guadeloupe.

The Board Representatives from the English Speaking countries are:
e Mr. Kwame Garcia, Director of the Cooperative Extension Service of the University of the Virgin
Islands.
e Dr. Richard larrison, Director of the Rural Development Authority of the Ministry of
Agriculture of Jamaica.
e Dr. Compton Paul, Executive Director of CARD], Trinidad & Tobago.

The Board Representatives from the Spanish Speaking countries are:
o . Wilfredo Coldn, Agribusiness Project Director from Ana G. Méndez University Systern,
Universidad del Este in Puerto Rico.
s  Mr. Jerry Dupuy, Barceld Enterprises, Dominican Republic



e Dr. Alberto J. Beale, Agricultural Experiment Station of the University of Puerto Rico.
The position of Board Representative from the Dutch Speaking countries is currently vacant.

The members of the Advisory Board of the CFCS are:

¢ The Honorable Hipdlito Mejia, President of the Dominican Republic.

e Dr. Altagracia Rivera de Castillo, Executive Director of the Centro para el Desarrollo
Agropecuario y Forestal (CEDAF) of the Dominican Republic.
Dr. Lawrence Lewis, Deputy Commissioner of Agriculture of the U.S. Virgin Islands.

e Dr. Charles McDavid, Dean of Agriculture and Natural Sciences at the St. Augustine Campus of
the University of West Indies.

e Dr. Antonio Pinchinat recently retired from IICA, St Lucia.

e Dr. Fernando Gallardo, former Associate Dean and Deputy Director of the Agricultural
Experiment Station of the University of Puerto Rico.

The two Special Advisors to the Chairman of the Board are:
e Dr. Darshan Padda, former Chairman of the Board of Directors of the CFCS and former Vice
President of the University of the Virgin Islands.
¢ Dr. Miguel A. Lugo Lépez, Emeritus Professor of the University of Puerto Rico and to whom we
dedicate this 37" Annual CFCS Meeting.

The Caribbean Food Crops Society wishes to express its gratitude to the Ministry of Food
Production and Marine Resources of Trinidad and Tobago, to the Caribbean Agricultural Research and
Development Institute (CARDI), to the Faculty of Agriculture and Natural Sciences of the St Augustine
Campus of the University of the West Indies (UWI) and to the Regional Office for the Caribbean of the
Inter-American Institute for Cooperation of Agriculture (IICA) for inviting us to hold this 37" Annual
Meeting in Port of Spain, Trinidad, and for agreeing to co-host the activity. We were eager to return to
Trinidad, since the last time we met in this beautiful country was in 1985. This year marks the fourth
time that the CFCS has held its annual meeting here,

The success of a Meeting depends on several factors. Two of these are the quality of the
presentations and posters and 2) the diversity of its participants. This Society serves as the most effective
mechanism for providing direct outreach from researchers, extensionists, Ministry of Agriculture
personnel and members of the private sector to all the people of the islands and territories of the
Caribbean. The greater the diversity and the number of persons attending the Meeting, the more
widespread the results of last year’s scientific breakthroughs and innovative projects will be.

Our Society promotes the integration of members of the agricultural sector of the Caribbean. We
have also reached out to the environmental and natural resources sectors of our Region. The CFCS is the
oldest and most effective regional agricultural society in the Caribbean. As I look around the audience, I
am able to identify Society members from a great number of institutions.

The Society members that actively participate every year in our meetings come from: INRA from
Guadeloupe and Martinique; AMADEPA or Association Martiniquaise pour le Developpment
Productions Agricoles of Martinique; the General and Regional Councils of Martinique; the University of
the West Indies; the Caribbean Agricultural Research and Development Institute (CARDI); the Inter-
American Institute for Cooperation on Agriculture (IICA); the Cooperative Extension Service and
Agricultural Experiment Station of the University of the Virgin Islands, and their Department of
Agriculture; the United States Department of Agriculture; the Ministry of Agriculture of Jamaica; the
Centro para el Desarrollo Agropecuario y Forestal (CEDAF), as well as from the State Department of
Agriculture, from the private sector and from universities from the Dominican Republic such as the
Universidad Nacional Pedro Henriquez Urefia (UNPHU).



Participants include members of the faculty of the University of Florida, The Ohio State
University, Tuskegee University, Prairie View A & M University, Ana G. Méndez University System and
other North American institutions. Members from the Agricultural Experiment Station and the Faculty of
Agriculture of the University of Puerto Rico are also regular participants.

In the past, the summer meeting of the Caribbean Basin Administrative Group was held in
conjunction with the annual CFCS meeting. We are hopeful that next year we will be able to double or
triple presentations from scientists working on CBAG research projects.

We are delighted that this year we have a large participation from the Ministry of Food
Production and Marine Resources of Trinidad and Tobago, from the University of the West Indies, from
CARDI and from PROCICARIBE. We look forward to holding future CFCS Meetings jointly with
PROCICARIBE. We hope that a large delegation from Trinidad is able to attend the 38" Annual CFCS
Meeting, which will be held in Martinique in July 2002.

Although we do not have all of the data from the registration table yet, I believe that the largest
delegation from outside of the host country is from Martinique. I wish to congratulate the CFCS
members from Martinique for being so active every year in CFCS activities.

Our Society must strive to attract new members from other islands in the Region. Over the years,
we have held our annual meetings in 14 different locations in the Caribbean. However, in some countries
we have not met for over 30 years, and in others, we have not met at all. We would like to explore new
possibilities for venue in the year 2003. Countries that come into mind are Grenada, Belize, Guyana and
the Bahamas. We request your support to the Board of Directors in identifying venues for CFCS
Meetings.

Our Society must strive to establish linkages with other national and international entities within
the Region. The Association of Caribbean Universities and Research Institutes (UNICA) have a
membership from over 35 universities and research institutes from the Caribbean Region. The Caribbean
Council of Higher Education in Agriculture (CACHE) has as its member’s approximately twenty
universities that include agricultural programs in their curricula. I have invited the Secretary General of
UNICA, Prof. Mervyn Alleyne, and a representative of CACHE to make presentations today on what
their organizations are, as well as their priorities and projects.

The CFCS should also serve to promote a closer collaboration between the Ministries of
Agriculture of the Caribbean. All our countries produce more or less the same crops and animal products,
and all face similar production constraints. By working together, we shall be able to reduce duplicity and
make a more effective use of our limited resources.

Today, as we initiate our Annual Meeting, I would like to recognize one of most faithful members
of our Society. He is a scientist, a gentleman, a diplomat, a Caribbeanist and a true patriarch of this
Society. To him we dedicate this 37" Annual Meeting of this Society. Dr. Miguel Lugo-Lépez please
stand up and be recognized.

Thank you!



Keynote Address

Mrs. Wendy Lee Yuen, President, Agricultural Society of Trinidad & Tobago; Chairperson,
National Agricultural Management and Development Corporation (NAMDEYCO)

Mr. President; Honourable Trevor Sudama, Minister of Food Production and Marine Resources
of Trinidad and Tobago; Excellency, Dr. Jarge Lius Perez Alvarado, Chairman and Board of Directors of
the Caribbean Food Crops Society, other distinguished members of the head table; especially guests,
presenters, ladies and gentlemen: Welcome to Trinidad and Tobago on this auspicious occasion — the 37"
Annual Meeting of the Caribbean Food Crops Society.

It is indeed a great honor and a pleasure for me to address you this morning at the start of this
conference and having reviewed the diverse list of papers to be presented by our researchers and
technologists and educators throw out the challenge to you all to carry out the mandate of your conference
theme “Science, Technology and Education — Empowering Caribbean Agriculture”. Now more than ever
before we, farmers of the region need your assistance as globalisation forces us to become efficient
producers in a fiercely competitive market place where the playing field is far from level.

Mr. President, Caribbean Agriculture needs to take a quantum leap forward in the application of
science and technology to current production methods in food crop farming. The time has come for
research to be carried out on the farm by both farmers and researchers. In this way, meaningful solutions
can be found for current problems. We must empower farmers with the tools necessary to identify
problems and seek solutions. Systems must be developed to effectively and efficiently deliver
information. Given our lack of infrastructure and a food production sector characterized by smallholdings
we need to review our current systems for transfer of technology.

Perhaps the time has come for our researchers and extentionists to re-tool and find new
methodologies for the delivery of technology. How can we involve the farmer in this process? How can
we make the best use of our limited resources to reach the widest possible audience? Can we adopt the
participatory approach and use former field schools to affect a more rapid delivery of technology? These
questions are just some food for thought as you discuss these and other issues over the coming week.

While our ability to compete internationally and I dare say our very ability to survive, depends to
a great cxtent on our ability to apply science and technology to our production processes, this research
and technology transfer is not without considerable financial constraints. Recognizing the disadvantage
that this imposes on Caribbean farmers, there are numerous international agencies seemingly bent on
correcting the imbalance that exists between farmers of the developed world and farmers of the
developing world in terms of their ability to access technology and education.

Sadly, inspite of the large sums of many identified for this purpose, the difficulties in meeting
loan conditionalities, the exorbitant consulting fees attendant on the loan package and other administrative
nightmares, very little of this aid ever tends its way to the small farmer. Perhaps there is a greater role to
be played by agricultural societies and co-operations directing Ministries and the most deserving
beneficiaries.

Despite all of our apparent disadvantages in utilizing science and technology, I am happy to tell
you that all is not “doom and gloom”. Here in Trinidad and Tobago our food crop farmers have risen to
the global challenge and are price competitive in number of fresh vegetables and fruits. Even as we fact
total declining acreages under food production levels of key food crops, alluding to greater efficiencies
possibly due to greater adoption of suitable technologies. This has enabled our farmers to supply a wide
range of high quality fresh fruit and vegetables to both the domestic and export markets even in the face
of competing imported products which have enjoyed a 0% CET for CARICOM region and 40% from
outside of CARICOM. Another result of this increased productivity has been the marked upsurge of our
intra-regional trade since 1988 and the significant increase in our extra-regional cxports particularly in
crops such as hot peppers.

Mr. President, while we recognize the benefits of science and its role in improving both quantity
and quality of food crops produced, we must be ever vigilant not to compromise our consumers and our



environment in terms of safety. Food safety implies the judicious application of pesticides in conformity
with the manufacturer’s specifications. Ladies and gentlemen it is no longer acceptable to leave the
responsibility of food safety solely to the discretion of the farmer. We are all consumers of fresh produce,
and as such deserve to be protected. We must call on all Governments of the region to not only enact safe
food legislation but also to implemeni suitable systems which will enforce the minimum standards for
food safety. WTO conditionalitics demand traceability and accountability for safe food systems and thesc
must be fully functional to facilitate the export of fresh produce.

Ministries of Agriculture and Food Production need to take the lead in this imitative to ensure
good food quality. While the analytical capabilitics of many small Caribbean countries may not be
adequate, here is another opportunity for inter-regional co-operation by having member states contribute
to the establishment of one central lab facility where appropriate testing for pesticide residues and other
contaminants can be carried out. If we fail to provide our domestic consumers with assurances of good
quality, safe produce, then we run the risk of driving our customers preferences to “so-called safer
imports”. Our deficiencies in pesticide residue analysis have caused us to accept the stated quality of
imports without question but this may very well be an area for some concern.

Arising out of our concemns for safe food, as well as a concern for the safety of the environment
and not least, the farmer and his workers, we need to explore more fully the practices of integrated pest
management and encourage greater usage of botanicals and biologicals in preference to harsh chemical
pesticides. Where possible farmers should be instructed in techniques to locate and identify beneficial
insects rather than adopting the old approach of “if it moves — kill it”. Cultural and biological rather than
chemical solutions should be encouraged.

To translate this IPM strategy to a national perspective would require a great deal of support from
policy makers, pesticide control boards and indeed from Ministers and governments. Mr. President, it is
my personal view that we need to severely restrict the availability and usage of certain classes of
pesticides which are hazardous to the environment the farmer and the consumer. This is one area
deserving of further research as we all seek safer alternatives in the production of food crops.

Utilizing IPM as a production strategy can facilitate the attainment of international standards as
specified in the Codex Alimentarius. Together with good agricultural practices, IPM can be significantly
reduce the number of critical points in a HACCP production system and the resulting crops will be more
wholesome and consumer friendly.

Mr. President, the food crop sector has an important role to play in the Caribbean region due to its
direct impact on a number of key issues. The region has to look beyond the stated declining contributions
of agriculture to the ADP. These figures are relative to growth in other sectors such as tourism or in the
case of Trinidad and Tobago petroleum and should not be used as the sole indicator of agricultural
performance. Indeed in absolute terms there has been significant growth in the sector. However
statisticians/economists have found it convenient to attribute revenue from agro processing to the
manufacturing sector to the detriment of the agricultural sector. For e.g. various reports would have your
believe that the coconut industry is dead and waiting to be buried yet it supports a $100M a year soaps
and fats and oil industry with linkages to transport, packaging, advertising, employment generation and
foreign exchange earnings.

Notwithstanding its seemingly small contributions to GDP, the food crop sector has a serious
responstbility in terms of the provision of food security and contribution to the adequate nutrition of the
population of the region. Mr. President, several benefits accrue fro the fulfillment of this role.

By continuing to produce our food crops we enhance our self-sufficiency and reduce the
dependency on risky international suppliers who are facing threats from all manner of exotic pests and
diseases from Foot and Mouth discase to Asian bird flu. We generate employment for our citizens
particularly in the rural areas and this contributes significantly to overall social stability.

The T'AO in its paper on “Issues at stake relating to Agricultural Developments, Trade and Food
Security” has concluded™ “significant progress in promoting economic growth, reducing poverty and
enhancing food security cannotl be achigved in most countries without developing more fully the potential
capacity of the agriculture sector and its contribution to overall economic development”.



Participants your interventions this week aimed at increasing agricultural production and
productivity are indeed welcome and timely. Against a background of continuing export subsidies in
developed countries which discourages domestic production in food importing countries the challenge for
you this week is to guide us to the appropriate science and technology that will truly empower Caribbean
Agriculture. Mr. President, Ladies and Gentleman, I wish you a fruitful conference.



Feature Address

Hon. Minister Trevor Sudama
Ministry of Food Production and Marine Resources

Mr. President; Ms. Wendy Lee Yuen, President of the Agricultural Society of Trinidad and
Tobago; members of the Board of Directors of the Caribbean Food Crops Society; other distinguished
members at the head table; participants, ladies and gentlemen, may I add my own welcome to each of you
here this morning. A special welcome to the several visitors to Trinidad who come from other countries
in the Caribbean and Latin America.

Mr. President, it is with interest that I took note of the theme of this the 37" Annual Caribbean
Food Crops Society (CFCS) Conference, which is Science, Technology and Education — Empowering
Caribbean Agriculture.

Considering the present state of Caribbean agriculture, the unfolding demands in the area of
international trade in agricultural and food products and the challenges our countries face in closing the
gap on producers from developed countries, I applaud the Society for its choice of this theme at this
particular time.

I do so because I concur fully with the Society that fostering the application of science, the use of
technology and the educating and training of stakeholders are indispensable to sustainably empowering
Caribbean agriculture.

The status of agricultural development in Caribbean states is such that despite the continued
reliance of these countries on agriculture for foreign exchange, food supply and employment, the
contribution of the sector has declined in relative terms in varying degrees from country to country.

For example, in the case of Trinidad and Tobago, the relative contribution of agriculture to GDP
had declined from 5.0 percent in 1985 to 2.2 percent in 2000, while the sector’s labour force fell from
10.8 percent of the national labour force to 9.0 percent over the same period.

The decline in relative contribution of the agricultural sector to the economy of our states has
been attributed to several factors including low productivity of the traditional export commodities,
coupled with the failure of the non-traditional commeodities to make-up the deficit. The technologies in
use are neither the most productive nor the latest, and unit production costs are higher than those of
competitors in developed and some developing countries.

Mindful of the potential role and contribution which agriculture can still play in the development
of Caribbean states, and in attempting to address the reduction in market share of traditional export
commuodities, the governments of these states must adopt policies and strategies to diversify production
and marketing, and to increase production, productivity and competitiveness.

Improvements in the development and use of technology will determine to a large measure, the
success of these states in diversifying agricultural production, increasing productivity and meeting the
challenges and demands of the export market.

Already science and technology are affecting access to export markets. The Codex Alimentarius
(or food code) is fast becoming the seminal global reference point for consumers, food producers,
national food control agencies and the international food trade.

In that context, giving effect to the Agreement on the Application of Sanitary and Phytosanitary
Measures (SPS) and the Agreement on Technical Barriers to Trade (TBT) pose daunting challenges to
countries such as ours.

Indeed, a number of developing countries consider SPS requirements to be one of the greatest
impediments to trade in agricultural and food products, particularly in the case of the European Union
(E.U.).

The problems developing countries have in complying with SPS requirements reflect their wider
resource and infrastructure constraints that limit their ability to comply with SPS standards.



A particularly acute problem is access fo appropriate scientific and technical expertise and
infrastructure.

Furthermore, in many circumstances SPS requirements are incompatible with existing systems of
production and marketing in developing countries. In the case of Trinidad and Tobago, incrcased food
safety standards in export markets have already affected some tish and fish products, and are a potential
threat to other commodities such as milk, vegetables, fruits and poultry.

And then, we are faced with yet another scientific and technological challenge-genetically
engineered foods. The Codex Alimentarius is coming under increasing pressure to publish draft standards
for genetically modified organisms (GMOs), and we can be sure that scientific and technological
requirements will dominate those standards when formulated.

We have taken note of the 1999 Codex Alimentarius guidelines for the production, processing,
labelling and marketing of organically produced foods. In each case, we are alerted to the need for our
countries and region to develop scientific, technological and educational capabilities to deal with the
guidelines, which are soon to become standards,

And so the imperatives of accessing, developing and promoting the adoption of appropriate
technology and scientific methodologies become obvious.

In that respect, Caribbean states must consider the benefits to be gained by adopting a regional
approach to satisfying the ever-increasing demands of the markets in international trade for agricultural
products.

It is equally obvious that if our states are to confront the challenges of increasing productivity and
improving competitiveness, science and technology must be applied in the areas of research, extension,
agro-processing and marketing,

In the case of research, a priority area of attention and effort must be on increasing the
effectiveness, efficiency and responsiveness of the existing research and extension institutions in our
countries and region.

Research and development should lead to technology transfer to farmers or to technology
adaptation or innovation in biotechnology or agri-based industry.

Regional agriculture teaching and research institutions must ensure that syllabuses are
appropriately modified to remain current and aligned to vital issucs demanding response from our
agricultural sectors.

On a related note, we should all be concerned with the dwindling enrolment in the agriculture
disciplines at the University of the West Indies (UWI) and at the Eastern Caribbean Institute of
Agriculture and Forestry (ECIAF).

In the case of the government of Trinidad and Tobago, we are considering & mechanism to
stimulate increased competition among researchers and research organizations through the establishment
and operation of a competitive research fund to finance projects that meet strategic national agricultural
development objectives.

In addition, we are now undertaking a review of the operations and organisation of state-funded
research an extension institutions and systems with the intent of making required adjustments.

In the areas of agro-processing and marketing, Trinidad and Tobago are considering the
application of incentives as targeted and transitional instruments to help achiecve the specific
developmental objective of technology transfer.

Mr. President, in many places information and information technology are being viewed as
factors of production. The availability, accessibility and flow of information to and among sector
participants are fundamental requirements for encouraging the application of science and technology in
our agricultural sectors, and for increasing the level of entrepreneurship.

Caribbean countries must enhance the information technology infrastructure servicing the
agricultural sector to allow ready access of databases to stakeholders, particularly producers and
marketers,
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In that regard, we are encouraged by the progress made in the region with the development and
installation of the Caribbean Agricultural Information Service (CAIS); the Caribbean Agricultural
Marketing Intelligence and Development network (CAMID), and the several networks within the
Agricultural Science and Technology Networking System of the Caribbean (PROCICARIBLE).

In the case of PROCICARIBE, the objectives include:

~ assisting and facilitating the establishment of commodity-based and thematic networks, and
~ assisting in the design and establishment of a science and technology system for the development
of sustainable agriculture in the Caribbean.

Mr. President, these efforts are critical if our states are to

~ provide access to information products and services in priority areas for development, and
~ build capacities in member’s states to manage information, and for the collection, organization,
dissemination and analysis in support of the needs of the sector.

Mr. President, while we note these advances, stalled initiatives such as the efforts of CEDAF
(Centro Para Desarrollo Agropecuario y Forestal) and CCST (Caribbean Council for Science and
Technology) to establish a Biotechnology Network must be reactivated and brought to fruition.

Mr. President, these is also a role for science, technology, education and training in our efforts to
foster rural development. Our past attempts to realise acceptable levels of development in our rural
communities have been disappointing and have led to a redefinition or repositioning of the concept of
rural development. At the international level, the issue of the multi-functionality of agriculture has been
raised and is receiving the attention of stakeholders.

In the revised dispensation, science and technology are being viewed as essential inputs for
environmentally sustainable rural development and employment generation.

In our region, we must also address the development and provision of information and
information services within the context of rural development. The analysis shows that in general, rural
communities in our countries have not as yet benefited from the unfolding revolution in information
technology.

We must therefore deal with the issue of providing information infrastructure and services for
rural development, including the strengthening of information and communication capacities in our rural
arcas.

In so doing, quite apart from the provision of hardware, software, databases and Internet access,
the matter of information literacy of the intended beneficiaries must be approached in the context of
knowledge management.

Mr. President, most of the Caribbean countries have already completed their needs assessment
over the short to medium term, of their agricultural sectors, and are aware of the deficiencies in education
and training among their stakeholders.

I had previously mentioned deficiencies in our capacities to meet Codex Alimentarius standards,
which are related to a shortage of scientific and technological know-how. These deficiencies are also
evident when we attempt to deal with issues of genetically modified foods, biotechnology, informatics,
biodiversity and sustainable resource management.

Comprehensive plans to satisfy those education and training needs among our farmers,
researchers, marketers, rural communities, extensionists, policy makers, scientists, quarantine officers,
and processors, among others, must now be drawn up, and resources secured to execute those plans over
the next several years.

While some assistance in funding for education and training can be expected from international
agencies, Caribbean states must themselves be prepared to adjust developmental priorities to provide
resources to cater to those needs.
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Mr. President, distinguished participants, I have attempted in a concise manner, to share with you
my vision of the role of science, technology and education in Caribbean agriculture if it is to be
empowered, competitive and sustainable over the medium to long term.

We are aware that considerable resources will be required to provide physical and other
infrastructure; to adopt or change existing production processes; to establish new institutions; to change
laws and regulations and to educate and train a range of sector stakeholders.

Given the limited availability of financial resources common to each of our economies, and the
fierce intersectoral competition for those resources, you will agree that the challenge ahead is a
formidable one.

Yet the stakes are high, and our failure to respond to the imperatives for making our agriculture
competitive and sustainable will impact negatively and perhaps disastrously on our economies, and on the
well being of our peoples.

Where feasible, we will need to plan and act as a region, but in many instances, the response must
be at a national level.

We have configured and shared a vision for the future of Caribbean agriculture. The challenge
now is to do everything possible to realize that vision.

Mr. President, distinguished participants, I wish you all success with your Conference, and thank
you for your attention.
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THE POTENTIAL USE OF FARMER FIELD SCHOOLS WITHIN THE ENGLISH SPEAKING
CARIBBEAN

David Dolly, Department of Agricultural Economics and Extension, School of Agriculture, University of
the West Indies. Trinidad and Tobago

ABSTRACT: Farmer Field Schools (FFS) have become a useful institution in facilitating an integrated
approach to Integrated Pest Management (IPM). It has been viewed as an impressive advance in IPM
implementation over the last decade (Ter Wheel and Van Der Wulp, 1999). Its impact is well documented
among the rice production systems of small farmers in The Philippines, Indonesia, Vietnam and India.
For instance in Indonesia following the implementation of FFS, rice farmers were able to reduce pesticide
use by 60% with an accompanying yield increase of 13% (Kairo, 2000). Similarly in the Philippines there
was a recorded 80% decrease in the use of insecticide among vegetable growers. There have also been
many success stories out of Central America. This presentation explores potential use of this methodology
within the English Speaking Caribbean.

INTRODUCTION

Excessive Pesticide use among growers is a key concern to the global interest in Sustainability.
Pesticides pose serious health hazards to women, men, girls and boys. They contaminate the environment.
They exacerbate crop production problems by building pest resistance, eliminating natural enemies of
pests and encouraging the use of allegedly safer but more expensive products. According to FAO, 520
species of insects and pests worldwide 150 plant diseases and 113 weeds are resistant to pesticides (FAO
2000). There is also the chance that farmers loose touch with more indigenous control methods to which
they were accustom and which may not use much pesticide.

The region has fallen prey to excessive chemical pesticide use. There is an efficient and highly
successful agribusiness which markets pesticides and which farmers customarily rely on, especially for
routine guidance. Many farmers can easily obtain credit and subsidy support for chemical use which
would not be available for non-chemical alternatives. Occasionally the region is the recipient of obsolete
stoclk, which is outlawed in their countries of origin. Pesticide laws themselves are either obsolete, non
existent or disobeyed.

Growers are still unable to interpret dosage requirements. They hold strongly to the philosophy of
quick visible kills without respect to post harvest intervals. Storage facilities are poor, so is the disposal
of used containers and the use of leak-free machinery. There is the often-reported use of “cocktails”
which at times contain up to 4 or 5 pesticides in a daily routine and especially close to harvest in order to
ensure a good-looking harvest for the consumer. There is minimal or non-existent pressure from the
consumer who is either very ignorant of what is taking place or very helpless to demand improved
standards.

Thus in keeping with the philosophy of IPM, this paper asks how can the farmer field school
concept become a useful institutional mechanism within the English speaking Caribbean in order to
minimize quantities of pesticides used while maximizing productivity?

CURRENT IMPORT- EXPORT TRENDS

The Tables 1 and 2 below indicates the current trends of Import and Exports into and out of
Trinidad and Tobago.
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Table 1. Agricultural Insecticide Exports and Imports (kg) to and from Trinidad and Tobago for the
period January to September 2000. Source CSO, Port of Spain, Trinidad and Tobago.

Country Imports Exports
Anguilla - 80
Antigua and Barbuda - 960
Barbados - 366
China 1,609 -
British Virgin Islands - 40
Dominica - 420
Germany 29,560 -
Grenada - 1717
Guyana - 5011
St Kitts Nevis - 1122
St Lucia - 139
St Vincent & the Grenadines - 5
United States of America 43,910 -

Table 2. Imports of Agricultural Insecticides, Fungicides, and Herbicides (Mkg) into Trinidad and Tobago
for the years, 1985, 1990, 1995-2000. Source CSQO, Port of Spain, Trinidad and Tobago.

Year Insecticides for Agricultural Use  Fungicides in Packets  Herbicides in Packets
2000 1.41 0.11 0.34
1999 0.43 0.15 0.56
1998 1.59 0.13 0.70
1997 0.39 0.16 1.44
1996 0.33 0.14 0.35
1995 0.33 0.08 1.21
1990 0.60 0.17 0.10
1985 0.67 0.33 0.10

Table 1 indicates that this country has imported the bulk of its needs from the larger countries in
the business namely: China, The USA and Germany. In return this country has no export business to
them. It also engages in *“ re-exporting” to many of the smaller territories within the region. The largest
recipient of exports is Guyana followed by Grenada and St Kitts- Nevis. These countries therefore have a
dependency which may not be appropriate in controlling what pesticides they purchase.

With respect to Table 2, the quantity of Insecticide imported for Agricultural use has doubled
since 1985. There has been less Fungicide in packets since 1985. Generally Fungicide imports are lower
than the other Pesticides. Also since 1995, there has been a tendency to import less Herbicide in packets.
One speculation about Herbicide use is that previous users could be returning to manual weed control or
the noticeably popular (throughout Trinidad and Tobago) method of using a ““String Trimmer” device.

THE FARMER FIELD SCHOOL

The school operates as a network, which facilitates interaction between the decision-makers viz.
The Extension workers, Technical Expertise of varying institutional origins, The Farmers, Researchers
and other useful contributors. All become stakeholders in a quest to reduce pesticide use and costs,
minimize health risks and contain environmental hazards. The idea is that farmers will be encouraged
and trained to observe specific trends of pest infestations on a designated plot owned by one of them.
They would be encouraged to understand the modes of life and habits of crop pests in relation to their
surroundings. Different environments become targets of comparisons. So one major point of contrast
becomes the plot with pesticide applications versus the one without. In so doing they would understand
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the real effect (if any) of chemical control on any yield increases and decide whether the cost of the
pesticide applications could be minimized. To obtain maximum success there must be a high quality
relationship among the stakeholders.

CURRLENT SITUATIONS

Specialist crop protection technical and extension experts from Antigua (Gore, 2000), Belize
(Magloire, 2000), Grenada (Phillip, 2000), Haiti (Donis, 2000), Jamaica (Chung, 2000), Saint Vincent
and the Grenadines (Ldwards, 2000) and Trinidad and Tobago (Ramroop et al., 2000) reflected on pest
control practice and related issues within their respective Agrarian environments. A review of their
reports reveals several current situations as follows:

> In most countries there is an understaffed crop protection unit unable to cope with all the possible
pest control initiatives.

» There 1s an Extension link with farmers which is still “top down” in its approach despite more

recent sensitivity to “bottom up” approaches. Accompanying research is lacking especially due to

a shortage of funds.

Agricultural input suppliers dominate the transfer of pesticide technology

» Farmers still prefer to use broad-spectrum pesticides, which are readily available but do not easily
focus on specific pest targets. Despite this prevailing situation some farmers are becoming aware
of newer target specific pesticides and biopesticides

» There is a lack of policy on Integrated Pest Management or any type of pesticide control. Where
policies exist, much revision is needed.

> Biological control mechanisms have become popular since its successful use in the control of the

Hibiscus Mealy bug.

The experts define IMP more in the context of cultural practices, not necessarily thinking about a

truly integrated concept.

» Some countries, which have poorer farmers, have a better record of limited pesticide use.

r v
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Giiven these circumstances the FFS will need much new support preferably organized from a new
operation with linkages to existing units. Research and Development funds for the required networks will
need to be sought. Given the dominance of pesticide importers, it may be useful to respect their
stakeholder status and incorporate them in the process. Can such an entity employ IPM officers or share a
state cost for this purpose? A likely outcome of their participation is that they may have to agree to lower
volume of sales to maintain their business. Network decisions are expected to help this major decision.

Can consumers and middlemen be part of the funding process by being made to pay a tax to help
fund the schools’ activity? A strategy, which promotes the use of pesticide-free products, can help this
process. Environmental and Ecotourism groups could also be persuaded to join IPM networks.

Any new operation will organize the growers and choose lead participants for their indigenous
knowledge, keen observation skills and their influence of reasonable proportions of other growers. This
mobilization would challenge existing patterns of selection where Extension Officers tend to be selective
of clients on biases of class, income, ethnicity, age and gender. Even consumers can be made to be a part
of the network observing trends among pest populations and in post harvest circumstances. It would also
be important to assess the large proportion of partime farmers within the sector. They may need special
incentives and persuasions to become part of any fulltime involvement within FFS networks.

Farmers can be credited with strategic and practical powers of observation, given the fact that their
daily livelihoods depend on the agricultural products they produce. It is essential to understand that they
have become industry driven in this era of postmodern development. No longer are Caribbean farmers
food producers for an exclusive niche immediately surrounding their farms. Hence in observing how to
increase output from the farm, they know that maximum yield and a blemish free product is an answer to
survival. In so doing they excel in the use of unwarranted quantities of many products. A large number of
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them may still be unable to comprehend instructions on labels without misinterpretation and subsequent
overkills and abuses to the environment. The quest of the Farmer Field School in the Caribbean is how to
contain these approaches while helping farmers to sustain their livelihood and equity status within
communities.

CASE STUDY
A case study of a recent farm visit further illustrates this dilemma.

On a visit to Farmer Dell he had three plots of vegetables namely Eggplant, Tomato and Corn.
The former two were still in production and the corn crop had just been completed. There were two dead
birds, apparently “freshly killed” by stomach poisoning. They were found among the corn stalks perhaps
having mistaken pellet granules of a preemergent herbicide for grain. His eggplant plot looked healthy
and he was harvesting the following day for the local market. However he chose to spray the previous day
with a’ cockiail’ of pesticides with varying post harvest intervals. On being questioned about this
practice, he said he had to do this so that when he harvested fruit, the parent plants would be ready to
continue production for the following week. Still there were reasonable quantities of white flies and other
pests, which seem completely adapted to the high levels of pesticides present in the plots.

Dell complained of a persistent symptom of unexplained joint pains, which he noticed has eased
since he employs someone else to spray. He has had little formal education and don’t think he can be
employed in any other occupation but vegetable crop production.

Dell does not think that he would easily join a farmer’s group as the executives of such
organizations only look after themselves and he would not derive benefits from his participation. August
2000.

This is the typical small farmer from Trinidad and Tobago. He is part of a total population of
approximately 6,000, which helps to feed the island’s 1.2 million population and possibly the hotel,
restaurant and other service industries. It would be difficult yet important to reorient his thinking to the
FFS concept. He is not easily persuaded by neighbors, hence not readily inclined to adopt new group
rules, which will pertain to information sharing among them. Given his dependence on the continuous
cash flow for the standard of his livelihood, the FFS model may have to help the farmers find a diversified
perspective for their small businesses.

An additional perspective pertains to a misunderstanding that the FFS is a panacea solution to all
pesticide problems. Extension and other outreach agencies will need to inform personnel about the precise
definition of the school. Currently it addresses specific needs in crop production.

Within the Caribbean region, it is possible to create networks among other types of practitioners
such as the home gardeners, the livestock farmer and the homemaker who for instance may have a severe
mosquito infestation, which cannot be controlled by regular aerosol spraying. These are new challenges
for the FFS concept.

Pest management problems arise from two sets of use changes namely those of Human use,
where human beings make new demands, acquire new taste and become victims of new marketing
arrangements. Secondly those of changes in the natural system through pest introductions and pesticide
resistance (Norton, 2000). This paradigm must influence the thinking of policy and decision makers. Can
tariffs and other trade interventions curb unwarranted introductions to the region? Can the new mandates
of the World Trade Organization influence policy and method in order to enhance IPM approaches?
These are important research questions.

Consumers can be encouraged to understand their taste patterns and possibly realize the potential
value of more local, fresher, minimally processed foods in their diets. Researchers may also need to
monitor the introduction of new biological pests, biological pesticides and other such product
interventions, which may eventually become an unsustainable entity within the natural system. What I
conclude from these points is that there needs to be a new thrust in research, which refreshes options for
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crop production and other options pertaining to pesticide use in other occupational domains. Many
researchers will need to retool their capacities to be successful interveners in the development process.

The typical Gender issue of the invisible female will need to be addressed in the new FFS
paradigm. The distinct Gender Division of labor does exist in the region. Females still perform specialist
agricultural assignments while carrying out their caring functions in the home. Many of these assignments
are invisible to their spouses, other males, researchers and extension workers. Therefore women must not
be obliterated from the FFS networks because of this invisibility. If so, there is the likelihood that their
best roles in the process may be undermined much to the detriment of the change processes involved.

EXPERIENTIAL LEARNING

From the perspectives of Extension Teaching methods, the FFS School is an attempt at
Experiential Learning. This is a learner-centered approach where the farmers will learn from experience.
It is a paradigm recognized since the late twentieth century whereby learning provides opportunities for a
person to engage in an activity, review it critically, draw some useful insight from an analysis and apply
the result in a practical situation. The FFS will use Experiential learning in order to provide an effective
IPM strategy. A graphic representation is illustrated in Figure 1 below

EXPERIENCE
/ Activity, Doing \
APPLICATION PROCESS

Planning more effective post- training Sharing, Comparing, Processing Reflecting

behavior y\ /
GENERALIZATIONS

Drawing conclusions, Identifying general principles

Figure 1. Experiential Learning, TC110: Instructional Methods and Course Requirements Page AE-18.
University of Wisconsin, Madison 1989.

This challenges the linear model, which has a top-down relationship in which Research and
Development resides at the upper end and the farmer at the lower. The model assumes that the farmer will
be engaged only in the’ lower order’ thinking areas of Recall Remember and Recollect. Frequently they
are regarded as too poorly educated to even do this very well. This model is illustrated in Figure 2

Agricultural Research and Development ... Higher Order Thinking
Create, Conceive, Invent, Conclude, etc.

v

[ Extension Training/ Technology Transfer )

v

Farmer Practice/ Market Pressures...  Lower Order Thinking
Recall Recollect, Remember

Figure 2. The Linear Model of Technology Transfer. Adapted from Norton 2000 and Grasha 1987.
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The new approach of the FFS is to engage higher order thinking among the farmers. They are
expected to reflect, consider, reason, invent and conceive. This newer change model where relationships
are realigned is illustrated in Figure 3.

Farmer Practice
Problem -Specific
Worlkshops,
Tmplementation

Training Support. Indigenous
Knowledge, Farmer

Training, E-mail,
Newsletters,
Knowledge sharing

Extension and Advice ¢ ! Market Pressure

Research and Development

Figure 3. Model of realigned relationships required for The Farmer Field School. Adapted from Norton
2000.

This model challenges the Extension-Research linkages to become much more involved with
clients. Within the region all the intended activities of such an integrated system are present. However the
intensity of operation and interest is lacking especially with respect to involving the larger population of
typical small farmers. They are constrained by many reasons previously mentioned. There is still much
casual interest in Indigenous knowledge. Networks are weak and biased. Implementation support usually
lacks funds for effective completion. Market pressure is mounting almost to the point of latent
intimidation. So much work will be nceded in order to reorient Extension- Rescarch systems into the FFS
paradigm.

CONCLUSIONS

It 1s firstly concluded the FFS idea is not currently implemented within the region, Many odds are
against its proliferation. Farmers are using exorbitant quantities of pesticides and may not easily be
inclined to change. Neither are they inclined to network discussions about pesticide use and attendant
IPM. Some stakeholders are ignorant of the methodology and liken it to Cultural practice control and
Biological control. Some of the stakeholders like the consumers, female farmers and the environmentalist
are currently invisible. They must become visible.

FFS needs an Extension teaching methodology, which is well known but never easily practiced in
the English speaking Caribbean. If it were to be implemented it would halt a thriving pesticide business
and affect the income of both the farmer and the input supplier in unpredictable ways.

The use of FFS is therefore thwart with constraints, which must be challenged. It would be
important to organize the stakeholders for leamning. In so doing the region needs to understand the big
difference between knowledge based on recall and deeper forms of understanding. All learning is rich,
complex and occasionally unpredictable. (Ewell, 1997) Hence all stakeholders in IPM must be
immediately identified and an attempt must be made to build an effective learning environment, which
can foster collective knowledge and active discussion among the desired FFS networks.

Then learning about curbed pesticide use, pest behavior and plant host rcaction must shift from
the teacher—centered stage to the lcarner—centered stage. The networks arc expected to facilitate learning
in the context of compelling “presenting problems” with reflection, reworked patterns, reworked
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relationships and connections. The objective is to improve an understanding of the pest problem and
identify the full range of opportunities for improving IPM.

Like all successful Extension work, stakeholders should use “bite-size” attacks on the problem.
Given the proliferation of small farmers juxtaposed fewer but influential large producers, careful
decisions need to be made about where to start the process and which networks should initiate the
process. Authorities must start with few networks, which can focus on the specific problems and achieve
results, which could serve to gain political mileage and enhance popularity within the Agricultural
community.

Therefore much work needs to be done if the Farmer Field School concept is to be implemented
in the English Speaking Caribbean. When doing so it would be important to be sensitive to sound “bottom
up” Extension methodologies and ensure a realignment of relationships among carefully identified
stakeholders. Eventually with key, appropriate activities in place the region will boast of similar successes
as its Asian and Central American counterparts.
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ABSTRACT: The paper begins by attempting to acknowledge as many of those persons and
organizations worldwide who or which contributed output and activities that helped in the distillation of
ideas that helped to formulate this school of thought. The paper also outlines the four (4) assumptions
underlying the philosophy of the “Open School of Tropical Animal Science and Production” (OSTASP),
and the six (6) elements of the Philosophy. The Mission Statement of the OSTASP is “To contribute
towards the continued production, utilization and conservation of Tropical Animal Resources for the
benefit of humanity”. The Membership of the OSTASP would consist of 1] The Founders [Garcia and
Archibald], 2] Foundation Scholars, 3] Scholars, 4] Fellows, 5] Associates, 6] Student Members, 7]
Cooperate Members, 8] Institutional Members, 9] Farmer Members, and 10] Ordinary Members. The
Suggested Approach of the OSTASP will have the following elements:

(1) an increased dialogue between in situ and ex situ wildlife conservation efforts (the bringing
together of the different human elements, the advancing of the humanizing project = the
Trialectic);

(i1) the intensive production of species with the potential for domestication;

(i)  the utilization of animal biotechnology for the conservation of useful genes from within the
existing wildlife gene-pool;

(iv) the expanded research into the anatomy (digestive and reproductive), health and husbandry of
wildlife species;

V) the development of an International Network on Wildlife [Non-domestic animal] research and
development, which would include Zoos, Conservation Parks, Universities, Research Institutions,
and Private Collections; and

(vi) the use of the CGIAR International Plant Genetic Resources Institute (IPGRI) Network Model
could be used as the basis for setting up the Tropical Animal Science Integrated Network
[TASIN].

In order to give the OSTASP life all members would be invited to belong to a Web Based
Community. Within this community network members could then be of service to each other while we
collectively attempt to advance the Mission of the OSTASP, which is “To contribute towards the
continued production, utilization and conservation of Tropical Animal Resources for the benefit of
humanity”

BACKGROUND

The purpose of this paper is to outline the philosophy behind the OSTASP. All philosophical
introspection has always first begun with a question. The question that will now be posed would be:
“Why is it necessary in the year 2001 to address the issue of Tropical Animal Science and Production
from a philosophical perspective?” This could be the subject of a very scholarly debate but we do not
have the luxury of time and space in which this could be done. One could, however, first choose to begin
at the very beginning by attempting an answer for “What is Science?”  This can be seen as the study of
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matter and things using the empirical method approach to arrive at universal truths. Modern man has
further classified Science into Basic Sciences, Applied Sciences, and Social Sciences. Descriptions of
these have now all become axiomatic, so there is no need to elaborate further. Agriculture is an Applied
Science [which includes Animal Science as a discipline]. As an Applied Science it attempts to apply the
knowledge of the Basic Sciences towards the production of food and utility for mankind from plants and
animals, and for the maintenance of the environment in a sustainable manner. It, however, also has to
draw very heavily on the knowledge generated from the Social Sciences as it has to do with the
economics of the production process, religious attitudes towards the production and use of foods, and
social policy formulation as it pertains to food production, human nutrition, poverty alleviation, and
human well being. Therefore, one could and quite possibly have encountered “Agricultural Experts”
who are Agricultural Economists or Sociologists, and Rural Development Specialists but who may have
very little expertise in the production side of the Applied Science.

In other words they are “Social Scientists” who are being asked to make decisions and give
advice about an “Applied Science” for which they have neither been trained nor were they equipped to
deal with. It is critical that we address this at this junction in history, with the overtones and primeval
emphasis of “Globalization”. Thus the Assumptions and Philosophy of the St Augustine School of
Tropical Animal Science and Production must be resonantly articulated. One has attempted to crystallize
this school of thought that was the result of work done with, and discussions held by the authors with
many people during the period 1975 to 2001. Some of these thinkers and doers are too numerous to
mention and time and space does not permit. This, however, would be done in the expanded version of
this paper.

THE ASSUMPTIONS OF THE OSTASP

The Assumptions are as follows:

1] the maintenance of Tropical Animal Biodiversity is essential for the well being of humankind on
earth;
11] Tropical Animals have been selected by nature to be adapted to Tropical Environments;
1] there are five (5) factors governing the production of any species of animals or livestock and they
are as follows:
1) Nutritional and Feeding Factors
2) Breeding, Genetics and Reproduction Factors
3) Health and Disease Factors
4) Environmental Factors

a) The Physical Environment (Housing)
b) The Social Environment (other animals) and
5) The Economic and Marketing Factors; and
V] all animal species can be produced using a Systems of Production Modeling Approach [Figure 1].

THE PHILOSOPHY OF THE OSTASP

The elements of the Philosophy are as follows:

1] the concept of the intensification of production is necessary whether in situ or ex situ;

2] the use of the Systems of Production Modeling Approach has the features as described in Figure
1.

3] Animal Production should be based to the greatest possible extent on the use of the local and
available feed resources;

4] seek to understand the factors affecting animal production for each species being studied; in the

case of new species, first attempt an understanding of the anatomy and functioning of the
Digestive and Reproductive Systems;
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5] “Production Systems” should be intensive in approach and integrated in nature, seek to find
complementary animals and plants; and
6] “Systems of Production” must cncourage plant and animal diversity.

Figure 1. Concepts for developing an animal production system for any species.

THE WAY FORWARD BEYOUND TIHE YEAR 2001: HOW SHOULD PEOPLE WHO SUBSCRIBE
TO THE OSTASP PROCEED

[ntensification for the development of this school of thought:

This concept of intensification involves the bringing together of many animals into a single
location, or within close proximity to each other with the problems attendant on increasing animal
population densities. In the extreme situation of ¢x situ intensification implications of the above are that
animals have to be fed and watered with timely waste removal; preventive techniques have to be
instituted to avoid the introduction and rapid spread of disecases; animals’ social behavior need to be
considered; provisions have to be made for the animals’ social needs to be met; and the design of the
housing plays a key role in facilitating all of the above.

Approaches at Developing Intensive Animal Production Systems:

A philosophical approach that is being suggested for the developing and planning any system is
based on two clements:

1] an understanding of the factors affecting animal production and
2] the physiological states of the animal species i qucstion.
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What must be noted is that there exist an interaction between the above two; and this
interrelationship will determine the nature of the production system. The reason for this is that at each
physiological state, the effect of each factor is different OR the needs of and the_threats to the animals’
survival will be different.

In developing an Intensive Production System its objectives must be clearly established from the
start to identify which physiological states should be included in the model. The source of the animals
for the production system to be established will also need to be identified as follows: wild caught captive
breeders; wild caught juveniles for growth or the management of all physiological states. The modern
day poultry industry reflects the success that this industry has had with this type of approach. In the
North American Dairy Cattle Sector, over the last twenty years we have seen an evolution from all
production units being contained on one farm to the development of large and very specialized farms
made up of only one production unit, which manages therein only a very narrow range of physiological
states. This has seen the decline of the Family Dairy Farm and the expansion of the specialized
production units with cooperate structures of management in which thousands of cows are milked three
times per day. It is not being suggested here that we emulate this in the Developing Tropical World, but
what is being suggested is that lessons can be learnt from the production and business principles evolved
and employed.

In the Developing Tropics it is the Dairy Goat that holds the greatest potential for expansion
[Knights and Garcia, 1997]. Never the less there is an abundance of Tropical animal species which are on
the verge of domestication and to which one should address attention. A short list is as follows:

Eland (Taurotragus oryx), Capybara (Hydrochaeris hydrochaeris), Agouti (Dasyprocta leporina),
Collard Peccary (Tayassu tajuca), Paca (Agouti paca), lguana (Iguana iguana).

The reality is, however, that the Tropical Animal Scientists working in the Tropical Developing
Countries [wherein are the repositories of the abundant animal genetic material] do not have the
resources, financial and otherwise, to accept the challenge. Globalization and its consequent decrease in
research support from small states, has found them not looking after their own interest in exploiting their
biodiversity. This is also helping to make this unfortunate situation even worse.

THE NEW HORIZONS

The complementary activity of the in situ and ex situ conservation techniques will pose the new
challenges for Tropical Animal Science [TAS]. The major challenges will lie in the intensification of
production activities in both the in situ and ex situ conservation situations. It is for this reason that a
Tropical Animal Science Integrated Network (TASIN) is being suggested as a component of the
OSTASP. It is envisioned that this network could be funded and function in a manner similar to the
International Board for Plant Genetic Resources (IBPGR). The first task of the OSTASP would therefore
be to get this network going by any means necessary. The nature of the network linkages and the general
expected outputs are presented in Figure 2. This would afford a better opportunity for the two
conservation camps to interface and have constructive dialogue with all the stakeholders in Tropical
Animal Science, [Domestic Livestock (Food, Companion and Laboratory Animals/ animals at different
points in the productivity and utility to humanity continuum); Animals on the verge of Domestication;
and Wild Animals]. TASIN was first suggested by Garcia (1999).

The future horizons for Tropical Animal Science and Production lies:
[1] in getting a better understanding of this wide range of under-utilized non domesticated tropical animal
resources and
[2] in creating synergisms from the efforts of the 2300 Zoos world wide [the ex situ conservation and
research efforts] and the 4000 plus nature reserves worldwide [the in situ conservation efforts].
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This work has already started through the initiatives of Darwin, and with the formation of
societies such as the London Zoological Society in 1828 and the Smithsonian Institution. These
institutions have laid the groundwork for Tropical Animal Science, which is still in its infancy as we
know it today both in the Developed and Developing countries. This is because those persons who have
been working in Animal Science in the Tropics have focused mainly on the exploitation of Dairy and
Beef Cattle (Bos tauru, B. indicus) for beef and milk, sheep and Goat (Ovia aries and Capra hircus) for
mutton, chevron, and milk; chickens (Gallus domesticus) for eggs and meat; turkeys (Melagris gallapavo)
for meat and plumage; Ducks (dnas platyrhynchos) for meat; Horses (Equus caballus) for work and
enjoyment, Dogs (Canis familiaris) and Cats (Felis catus) for companionship. Thus Animal Science has
focused mainly on 10 species of animals,

In order for Tropical Animal Science to fully blossom, ‘blinkers’ would have to be removed, our
Eurocentric approach to Animal Science would bave to be changed and greater dialogue between the in
situ and ex situ approaches to animal conservation, management and production must be engaged. Blaut
(1997) has suggested that this “Eurocentric diffusionism” has contributed to the current lack of success
and overall development of tropical agriculture and has contributed to the destruction of small holder
agriculture in Puerto Rico and the United States Virgin Islands. One should take note of this and avoid it
having a negative effect on the future of Tropical Animal Science that is still in its infancy. Hence those
who subscribe to the thinking of the OSTASP would agree that there is a need to view Tropical Animal
Science and Tropical Livestock Development from a different perspective, if the science is to be
advanced. A move possibly from "Dialectical” thinking to "Trialectical thinking (critical thinking in the
light of advancing the humanizing project)" as has been suggested by the late Dr Herb Addo in the last
paper he wrote before he left this life (Addo, 1996).

THE SUGGESTED APPROACH OF THE OSTAS&P

This new approach should have the following elements:

(1) an increased dialogue between in situ and ex situ wildlife conservation efforts (the bringing
together of the different human elements);
(ii) the intensive Production of Species with the potential for domestication;

(iii) the utilization of biotechnology for the conservation of useful genes from within the existing
wildlife gene-pool;

(iv) the expanded Research into the anatomy (digestive and reproductive), health and husbandry of
wildlife species;

(v) the development of an International Network on Wildlife [ Non-domestic animal] research and
development, which would include Zoos, Conservation Parks, Universities, Research Institutions,
and Private Collections; and

(vi) the use of the CGIAR International Plant Genetic Resources Institute (IPGRI) Network Model
could be used as the basis for setting up the TASIN as suggested in Figure 2.

MEMBERSHIP TO THE OPEN SCHOOL OF TROPICAL ANIMAL SCIENCE AND PRODUCTION

Membership to the OSTAS&P would be as follows:

1. Founders [Garcia and Archibald].

2. Foundation Scholars, those who have contributed to the teaching in the degree, M.Sc. in Tropical
Animal Science and Production. UWI,

3. Scholars, persons who in the opinion of the Founders and Members of the School have made a
significant contribution to Tropical Animal Science and to concepts in developing this school of
thought.

4. Fellows, all graduates of the M.Sc. Programme in Tropical Animal Science and Production, and
M.Phil in Livestock Science, UWI.

5. Associates, all graduates with a B.Sc. in Livestock Production, UWI.
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6. Student Members, all students registered in the M.Sc. in Tropical Animal Science and
Production, or M.Phil in Livestock Science or Ph.D. in Livestock Science, UWI.

7. Cooperate Members, Companies which would like to advance the mission of the OSTASP
through their support in cash or in kind.

8. Institutional Members, Institutions which would like to advance the mission of the OSTASP
through their support in cash or in kind.

9. Farmer Member, Farmers who in the opinion of the Founders and Members of the School support
the Mission of the OSTASP through their active support and practices.

10. Ordinary Member, any persons who in the opinion of the Founders and Members of the School
support and contribute towards the Mission of the OSTASP.

HOW THE OSTASP WILL FUNCTION

In order to give the OSTASP life all members would be invited to belong to a Web Based
Community. Within this community network we could then be of service to each other while we
collectively attempt to advance the Mission of the OSTASP.
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LEGISLATIVE: AVOIDANCE OF
OR
OUTPUT THE MINIMIZATION OF TROPICAL ANIMAL EXTINCTIONS

INCREASED  UTILITY KNOWLEDGE ON THE  HOUSING  AND
ENVIRONMENTAL NEEDS, NUTRITION, HEALTH, REPRODUCTION AND
GENETICS, UTILIZATION, AND PRODUCTION OF TROPICAL ANIMALS

Figure 2. A conceptual framework for the formation of a Tropical Animal Science [ntegrated Network
(TASIN).
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THE UNIVERSITY LIBRARIES: PROVIDING INFORMATION SUPPORT FOR SCIENCE,
TECHNOLOGY AND EDUCATION IN AGRICULTURE

Sharida Hosein, The University Libraries, UW.1. St Augustine, Trinidad

ABSTRACT: Information is the key to any successful enterprise and Agricultural Education is no
exception. The University Library began at the same time as the University and has been providing
essential information support for all the Teaching and Research programmes since then. With over 6,000
book/monograph titles and about 1700 serial titles the Agriculture collection covers all the areas of
Agriculture covered by the School of Agriculture. The collection includes Caribbean material as well as
information from around the world. In addition the Library provides access to databases such as CAB
Abstracts and AGRICOLA, both online via the WWW and as CD ROMs. This presentation will focus on
the vast Information resources provided by the Main Library, UW.IL,, in the field of Agriculture. It will
take the form of an oral presentation and a demonstration of some of the information sources and retrieval
tools we use to satisfy the information needs of our users.

INTRODUCTION

The Library's Mission is “To support the teaching, research and outreach programmes of the
University through provision of access to information resources in all formats. Aided by the use of
information technologies the University Libraries will develop a quality information environment
conducive to the development of an information literate community, and will be responsive to its clients
in the provision of efficient, effective and flexible information services”.

Its Vision is “To be the primary provider of quality library and information services to meet the
changing needs of teaching, research and outreach programmes of the University and the wider
community, and in partnership with the academic staff to contribute to the development of Caribbean
societies (Strategic Development Plan to the year 2002)”.

A BIT OF HISTORY

In 1924 the Library was founded to support the newly established Imperial College of Tropical
Agriculture (ICTA), thus began our mission which continues to this day. From 1924 until 1960 when
ICTA merged with the University College of the West Indies to become the Faculty of Agriculture an
impressive collection of information on all aspects of Agriculture was already acquired. After this the
University developed with the addition of the other Faculties and the Library grew in tandem with this
development. The original collection became known as the ICTA Collection of which a substantial
portion still survives. The collection of Agricultural Information at present is very comprehensive and
covers everything from avocados to Zingiber and from agouti to zandolee! There are items in the
collection, especially in the West Indians and Special Collections Division that can be found nowhere else
in the world. There are Serial Titles that exist in a continuous run from Volume 1 to the present volume,
e.g. Advances in Agronomy (1949-); Annals of Botany (1887-); Journal of Agricultural and Food
Chemistry (1953 -); Journal of Agricultural Engineering Research (1956 -); Journal of Animal Science
(1942-); to name a few,

The Staff has naturally grown along with the size and complexity of the Library. In January 1928
the Registrar and Editor of the journal "Tropical Agriculture,” Mr. G. Gianetti, was appointed to serve as
librarian and it was not until 1945 that the first professional Librarian was appointed '. At present there
are 25 professional Librarians employed at the University Libraries. The Librarians in charge of the
subject Divisions all have the relevant subject specialisation which allows them to more effectively satisfy
the information needs of their users.
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THE COLLECTION

A rough count of print material in the Agriculture Collection done in July/August 2000 showed a
total of 6175 monograph titles and 1644 serial titles. The following is a breakdown by subject areas.

Table 1. Monograph and Serial Titles in the Agriculture Collection as at August 2000.

Subject Area Monographs Serials
S (General Agriculture, Extension, Economics and Soils) 1587 828
SB (Plant Culture) 2987 544
SD (Forestry) 354 89
SF (Animal Culture) 679 132
SH (Aquaculture & Fisheries) 318 47
SK (Hunting sports and Wildlife Management) 17 4

Z (Bibliographies, Abstracts and Indexes) 233 218

Collection Development or How do we decide what to buy?

Funds from the Library's budget are allocated to each subject Division according to a formula
developed from certain criteria. These include number of courses in the subject area, number of
students/course and average cost of books in that subject area. Lecturers and Researchers in the Faculty
recommend books, serial titles and non-print material for purchase. The Library provides them with
information on new materials by sending out publishers' catalogues and other promotional materials from
publishers and booksellers. From these they then make their recommendations. They are also welcome to
recommend material from their own sources. The Divisional Librarian also makes selections for purchase
but this is mainly for general reading in the subject area.

Periodically we do stocktaking of the Collection and the materials are reviewed in light of
conditions existing at that time. We may decide to remove material from the open shelves if it is obsolete
or in very bad condition and is beyond repair. Sometimes courses change or are dropped and the relevant
items may no longer be needed, these are removed to allow space for more relevant items. Before
anything is removed or discarded relevant Faculty members are consulted so that nothing that is important
is lost. In this way we try to maintain a dynamic collection of materials that meets the changing needs of
our users.

Non-print material

In addition to all the printed materials we also acquire information in many non-print formats.
Such as traditional formats (microfiche and microfilm), some examples of which are back volumes of
Chemical Abstracts and many newspapers, local and foreign. Among this category we also have computer
diskettes, videotapes, CD-ROM and online resources available via the World Wide Web (WWW).

Finding Information in the Library

The library is organised along subject divisional lines corresponding roughly to the Faculty
served. The Agriculture and Life Sciences Division occupies part of the second floor and houses the bulk
of information on Agriculture but because of the broad based nature of the subject materials are
distributed among other Divisions. Information on Agricultural Engineering and some aspects of Soils
Science can be found in the Engineering and Physical Division, and Rural Sociology and Agricultural
Economics in the Social Sciences Division.

The key to finding information in the Library is the catalogue. This started as a card catalogue
arranged by Author/Title, Subject Index and Classified Index, a great portion of which still exists on the
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ground floor of the Library building. Since 1989 the catalogue has been automated and at present it is
available online in the Library and via the WWW on our web site at http://www.mainlib.uwi.tt. Most of
the material in the Library is captured by the OPAC (Online Public Access Catalogue) and can be
retrieved using the user friendly search screens. There are a number of entry points to the OPAC, you can
search by the Author, Title or Call Number of an item once you have this information. If you have a topic
in mind and would like to see what exists on it in the Library then a Keyword or Subject Search will be
most helpful. You can combine keywords using Boolean operators such as 'AND', 'OR' or 'NOT' to
expand or narrow your search. Material in every format is contained in the catalogue and there is a field
that indicates the format of the item you want as well as its location in the Library and its status.

The OPAC is very useful for finding monographs or books, serial titles and audio-visual materials
but not for finding journal articles, conference papers and reviews. For this type of information you need
to use Abstracts and Indexes in the particular subject areas. Traditionally the Library subscribed to the
leading abstracting and indexing services in Agriculture, such as CAB Abstracts, Bibliography of
Agriculture and Agrindex and also Biological Abstracts. As anyone who has ever used these tools in print
would know, while they are very effective they also are time consuming. We now subscribe to the same
tools in electronic form, on CD-ROM or online via the Internet which allows more flexibility in searching
and is much faster.

List of databases for Agricultural Information

CARINDEX: includes the literature of agriculture and the related sciences. It collects bibliographic
references to either conventional (journal articles, books) or non-conventional materials (sometimes
called "grey literature” e.g. theses, reports, etc.), not available through ordinary commercial channels. Our
records are sent to the FAO headquarters in Rome where they are incorporated into the AGRIS database.
This means that our researchers and students get international exposure for their work.

TROPAG & RURAL: produced by the Information, Library and Documentation department of the Royal
Tropical Institute, The Netherlands, are two databases containing full bibliographic references with
abstracts to the worldwide literature on agriculture and economic and social development. RURAL:
focuses on a wide range of topics including development strategics, international co-operation, health
development, agriculture, income generation, education, women and development and environmental
issues. TROPAG: covers literature on the cultivation of food crops and industrial crops, animal
husbandry, forage and pastures, Aquaculture, forestry, agroforestry, postharvest operations, farming
systems and environmental management in tropical and subtropical regions.

The AGRICOLA (Agricultural Online Access) database contains bibliographic records of materials
acquired by the National Agricultural Library (NAL) and co-operating institutions in the agricultural and
related sciences and provides worldwide coverage of the agricultural literature. In addition, AGRICOLA
contains subfiles of related bibliographic citations that have been prepared by sources other than the
National Agricultural Library, for example, the Food and Nutrition Information Centre (FNIC) and the
American Agricultural Economics Documentation Centre (AAEDC). These and other information centres
and co-operators contribute subfiles to AGRICOLA covering special subjects.

CAB ABSTRACTS: is a database that covers the subject of agriculture in the broadest sense. It includes:
agronomy, biotechnology, crop protection, dairy science, economics, environmental degradation and
remediation, forestry, genetics, herbicides, irrigation, leisure, recreation and tourism, microbiology,
nutrition, parasitology, rural development, veterinary medicine, and much more. Journals, monographs,
conferences, books, annual reports, and other sources from more than 100 countries are scanned regularly
for inclusion in the CAB ABSTRACTS database, to produce approximately 150,000 new records per year
and nearly all the records have informative English abstracts.
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AGRIS: is the international information system for the agricultural sciences and technology, created by
the Food and Agriculture Organisation of the United Nations (FAQO) in 1974, to facilitate information
exchange and to identify world literature dealing with all aspects of agriculture. It is a co-operative
system in which participating countries input references to the literature produced within their boundaries
and, in return, draw on the information providcd by the other participants. 199 national, international and
Intergovernmental centres participatc and submit about 14.000 items per month. The system collects
bibliographic references (to date, about 3 million) to either conventional (journal articles, books) or non-
conventional materials (sometimes called "grey literature" e.g. theses, reports, etc.), not available through
ordinary commercial channels. One of the main reasons for AGRIS' existence is to encourage the
exchange of information among developing countries, whose literature would not be covered by other
international systems.

OCLC FirstSearch: is a comprehensive and complete reference service with a rich collection of databases
and with links to the World Wide Web, over 5.9 million online full text articles, full-image articles from
over 3,300 electronic journals, library holdings, and interlibrary loan. It supports research in a wide range
of subject areas with well-known bibliographic and full-text databases in addition to ready-reference tools
such as directories, almanacs and encyclopaedias.

EBSCO Host: is a muiti-database system with several being useful for agricultural information, e.g. CSA
Life Sciences Collection and Academic Search Elite. CSA Life Sciences Collection provides
comprehensive access to life-sciences oriented disciplines from Cambridge Scientific Abstracts. This
database ranges from 1982 to the present with areas such as: Agricultural & Environmental
Biotechnology, Algology, Mycology & Protozoology, Ecology, Entomology, Genetics (Human &
Animal), Immunology, Industrial & Appiied Microbiology, Medical & Pharmaceutical Biotechnology,
Neurosciences, Nucleic Acids, Oncogenes & Growth Factors, Risk Assessment, Toxicology, and
Virology & AIDS. This database is updated monthly on EBSCOhost. Academic Search Elite provides full
text for over 1,530 academic, social sciences, humanities, general science, education and multi-cultural
Jjournals. In addition to the full text, this database offers indexing and abstracts for nearly 2,720 journals.
Over 1,700 journals are peer reviewed. Full text backfiles go as far back as January of 1990, while
indexing and abstract backfiles go as far back as January of 1984. This database is updated daily on
EBSCOhost.

Searching these databases is quick and easy. Most allow Basic and Advanced searches,
depending on the searcher's skill, and lots of online help to facilitate effective searching. With
subscription to these various databases the Library is able to offer our users almost complete coverage of
the information available in all fields of Agricuiture.

Services to Users

Loans: All members of the University community automatically become members of the Library but must
register with us to have full access to all our services. All students and staff are allowed to borrow
materials from the library but the loan privileges vary according to status. Academic staff and
Postgraduate students are allowed to borrow serials but undergraduate students are not. Loan periods also
vary for different categories of materials, e.g. Materials from the reserve collection have shorter loan
periods than those from the open collection.

Reference: This is one of the most important services we provide for our users. The Library staff is
trained in answering any reference enquiry a user might have. Users can access our reference service by
any means, in person, by telephone, e-mail, fax and by post. We can also respond via any of these means
as well. Once an enquiry is received it is channelled to the member of staff best able to deal with it and
the user obtains feedback on the progress of the enquiry.
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The Information Centre (TIC): TIC was set up in 2000 to give users access to electronic information
databases and services. It is strategically located on Floor 1 at the northern end, opposite the library's
entrance. Eight computers are currently available at this location and it is open for most of the time that
the Library is open. Services available from TIC include research assistance, one-on-one tutorials,
reference queries via e-mail, printing, downloading and e-mailing search results.

User Training

In our mission to produce an Information Literate community the Library provides training for all
of its users. Users are given Library Instruction where they are trained to use the catalogues and all the
other services provided by the library; Bibliographic Instruction where they are taught how to write up
their references and bibliographies in accordance with existing standards in that area. In addition we try to
teach our users critical thinking skiils where we provide guidelines for evaluating information sources
including web sites and also in deciding what information is most relevant for their present needs. To
assist in making their information seeking more efficient and effective we teach how to develop search
strategies and how to choose the information retrieval tool/s most relevant to their topics. We also provide
training in the use of all the databases and other information resources available to our users.

In addition to these three we provide photocopying services at the library and Inter Library Loans
and Document Delivery Services mainly from the British Library Lending Division.

Conclusion

In this paper I have attempted to highlight the products and services which we at the University
Libraries provide for the benefit of our users, and to help us achieve our mission. There is a lot more that
can be said on every topic that I have touched on but I hope that I have been able to give you an
indication of the support that we can provide for whatever aspect of Agriculture you are engaged in. I
hope you will contact us soon so that you can take advantage of all our services.
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ABSTRACT: An alternative approach to extension education for Pineapple farmers in Tableland,
Trinidad was initiated based on constructivist learning principles. Experiential learning and interactive
techniques, which facilitated self-discovery, were used to address identified problems in fertilizer use and
insufficient soil conservation practices. The objectives of this exercise were to pilot a participatory
method and to encourage farmers to change the agronomic practices that they discovered reduced their
optimum returns. Traditional technology transfer approaches were not considered appropriate as these
farmers were operating profitable enterprises, albeit in an unsustainable manner. Group administered pre-
evaluations, simulation exercises, walk-about on plots and structured discussions were used to guide
farmers to identify problems in their production practices and to suggest workable solutions to which they
could commit themselves to implement. Farmer involvement and feedback throughout the sessions were
high and initial evaluation indicated improved contextual knowledge. This initiative also presented an
opportunity to introduce participatory techniques to extension field staff, who would be the main
facilitators of this approach and to challenge them to use creativity in designing participatory exercises,
which simulate the concepts to be conveyed. The experience has wider application in other farm
enterprises.

INTRODUCTION

Over the years, several approaches have been tried regionally to meet the education needs of
farmers. The precursor to extension was the establishment of Botanical Gardens in the late 1800°s by the
Europeans for purposes of demonstration of new methods and techniques as well as experimentation. It
was in the 1900’s however that extension development in the Caribbean really began to take shape and
programs were developed to meet various national agricultural goals. Most are the approaches used were
top-down. They were based on the linear model of communication and its prescriptive approach to
solving farmers’ problems. Birmingham (1999) summarized several of the approaches used in developing
countries. Approaches tried in Trinidad include: Commodity-based extension, provided by government or
commodity producers or both depending on the nature of the product; Ministry-based general extension,
in which extensionists were not used primarily for education purposes, but rather to serve a number of
other functions of the Ministry, for example data collection, farmer registration, subsidies, incentives, and
land regularization. On most occasions these functions were given priority over farmer education.

The Training and Visit (T&V) system was also tried in early 1990 in an effort to reach more
farmers on a timely basis. However, successes were short lived as this system was constrained by the
unavailability of resources in a timely manner and on a sustained basis to do demonstrations. Also, the
working arrangements of pubic sector employees, which provided for “casual or occasional leave”, which
was incompatible with the fairly inflexible routine of the Training and Visit system. Farmer feedback
was not part of this approach. The Farming System Research and Extension (FSRE) approach in the early
1990’s tried to focus on farmer’s needs and problems, and used an integrated approach to development.
Researchers, extensionists, and socio-economists, met with farmers as a team to analyze and plan for
them. While this approach was laudable for its interdisciplinary approach and first attempts to involve the
clientele in some meaningful way, the resulting prescriptions were based on the top-down Transfer of
Technology (TOT) model and farmers' active participation beyond providing information requested was
minimal.

33



CONCERN

In spite of these worthy approaches tried over the years, the impact of extension is still being
debated. Campbell (2001) summarized some of the difficulties public sector extension faces in the region.
The most important of these is that farmers complain that extension is not reaching them. In the instances,
and there are many, where extension does reach the community, farmers often say that the technology
promoted is not fully sustainable on their farms (Van de Fliert and Braun, Circa 2000). Further, extension
officers note that farmers often complain that extension has nothing new to offer them yet they always
want extension to come and ‘“teach them something new” (Personal Communication, R. Ramdass,
MFPMR, 2001). It would appear that farmers value information from external sources much more than
indigenous community-based knowledge, and have become dependent on this information overtime.

THEORETICAL PERSPECTIVES

Our beliefs about how adults leamn guide our approach to extension education for our clientele.
Most of the approaches traditionally used are constructed on the theory of behaviorism. The goal of such
approaches is to communicate or transfer knowledge and skills to a leamer. Learning is said to have
occurred when a correct response or a desired behavior is demonstrated.

This type of approach based on programmed instruction does not require any mental processing
by learners. They are passive recipients of information on technologies developed elsewhere, and are
simply required to produce the response desired by the information provider. This approach provides a lot
of new information, but does not teach learners how to learn, nor does it provide any motivation for
inquiry, discovery and for learning new things on their own. Learners become information dependent and
remain so. Their ability to process, analyze and synthesize information is restricted. They would always
want to see the information provider and want to be informed about "something new to try out" on their
farms.

It has long been recognized however, that relating instructional content to the specific context of
learners’ lives and interests increases motivation to learn (Dirkx and Prenger, 1997, p.2). This type of
learning, frequently called contextual learning recognizes that learning is a complex process that involves
much more than the behaviorist approaches that emphasize drill and practice, recall of facts, and
automatic performance of specified procedures (Imel, 2000). This type of approach, based on the theory
of constructivism holds that individuals learn by constructing meaning through interacting and
interpreting their environments. Constructivist approaches are based on inquiry, discovery and situated
learning. Mason (2000) stated that knowledge is embedded in the context in which it is used, and learners
create novel and situation-specific understandings by “assembling” knowledge from diverse sources
appropriate to the problem at hand. It emphasizes that learning is an active process of constructing rather
than acquiring knowledge.

The characteristics of contextual learning are listed (Clifford and Wilson, 2000) as: emphasizing
problem solving; assisting learners in learning how to self regulate their learning, anchoring teaching in
the diverse life context of the leamers, and encouraging students to learn from each others. Strategies
based on this type of leaming focus on the learner in the learning situation and utilize discussions among
farmers, researchers, extensionists to determine what is appropriate for a given situation. Such strategies
center on meaningful participation of all the stakeholders.

There are two fundamental problems however, that must be faced squarely if organizations are to
implement Farmer Participatory Approaches (FPA) and strategies. These are (Engel, 1990):

1) The dominant bias in favour or research-based knowledge, frustrating the input of other
types of knowledge which are necessary to develop sustainable solutions to farmers' real
problems; and

1) The internal difficultics institutions have to face as they attempt to pursue alternative
strategies and develop solutions with farmers.
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Administrative re-organisation, redefinition of roles and responsibilities, sharing of work domains or
"turfs" and retraining of staff would be major challenges.

RESULTS OF PARTICIPATORY EXPERIENCES IN TRINIDAD

Two exercises that were intended to form part of a wider program of Farmer Participatory
Approaches (FPA) to Ecological Crop Management (ECM) were conducted in July 2000 among
Pineapple farmers in the Tableland region of South Trinidad.

First Session:

Problem: Farmers were cropping Pineapple on the same holding and applying only N in the form of Urea.
Their crops were showing symptoms of nutrient deficiencies.

Aim: To show that the plant uses Nitrogen (N), Phosphorous (P) and Potassium (K). By adding only one
of these, N, as Urea, the plant gets proportionately less of the other nutrients.

Exercise: A modified version of the Nuts Game, used to teach the concept of sustainability (Van
veldhuizen et al., 1997), formed the basis for the discovery experience. Farmers were given containers
with equal amounts of 3 evenly sized, but different coloured peas, which were thoroughly mixed. They
removed fixed amounts and counted the number of each type of pea. An equal amount of one type of pea
was added, thoroughly mixed and the above procedure was repeated twice. Farmers recorded their
observations. Farmers observed that overtime two sets of beans were being depleted while one was
steadily increasing. They were then told that the peas represented the 3 different major nutrients, and the
one that was being replaced, represented nitrogen, applied in the form of urea. They were asked to discuss
their observations and its relationship to their fertilising practices. They were able to deduce, some
immediately and others after a short while, that since the plant was removing all these nutrients, and they
were only replacing one, there would be a subsequent deficiency in the other two nutrients over time.

Recall: A year after the participatory activity, a sample of those who attended was interviewed. All
farmers (n=8) recalled the demonstration and what was learnt about fertiliser deficiency in the practices
used by pineapple farmers. This compared with 50 percent total recall, and 50 percent partial recall on the
meaning and function of the N, P, and K in fertilisers, which was taught via traditional methods in other
sessions.

Second Session:

Problem: Farmers were cropping Pineapple on steep slopes with minimal soil conservation measures on
soils prone to erosion. Farmers were unaware of the consequences of this practice, and techniques to

prevent erosion.

Activity 1: Farm Walkabout.

Aim: Farmers to observe the effects of erosion and discuss potential solutions to prevent soil loss.

Exercise: The extension officer led a structured walkabout to pre-selected areas of the field, which
demonstrated a range of effects of soil erosion. Plants were of varying maturity. Farmers observed
channelling, ground cover, silting of drains, exposure of roots and subsoil. Discussions centred on what
the farmer did on observing the problem as well as possible indigenous remedies. Subsequently, in a
newly established field, farmers discussed potential problems and a range of possible solutions
appropriate to their conditions.



Activity 2: Simulation of erosion
Aim: To show the effects of water erosion on topsoil on steep slopes.

Exercise: Farmers were taken to a vertical drain at the side of a cultivated pineapple bed on a hillside.
They were asked to pour a measured amount of water along the drain and to collect the run-off in a
container at the end of the drain and time the activity. They had to observe and discuss what occurred.
This was repeated along a drain on the same slope, which had some leaves in it from a nearby tree and
natural grass barriers. They then compared and discussed their observations and the reasons for the
differences. They observed that there was greater run-off in the bare drain compared with the leaf-covered
drain. The water also ran down the slope faster and was more discoloured. They discussed measures that
they could take to reduce the rate of run-off and topsoil erosion on their farms.

Recall: On evaluation all the persons recalled the demonstration and its purpose. All knew about
prevention methods to be used.

Overall comments on the participatory Methods

All the respondents thought that they were different to the usual extension methods and they liked their
experiences. They stated that farmers were allowed to take part in and contribute to the activities. All
preferred field to classroom learning and wanted to attend further sessions although not necessarily in
relation to pineapple production.

DISCUSSION

Improved contextual knowledge is increasingly being regarded (Erbaugh et al., 2001) as a key
precursor to the adaptation and application of new technologies. The Ministry of Agriculture in Trinidad,
as in several other countries in the region, is still locked into the technology transfer mode. The
assumption is that the provision of “sacred” information from the generators of knowledge to those who
have little knowledge would solve farmers’ problems -the “full glass to empty glass” relationship.
Training courses, seminars, demonstrations constitute the dominant techniques of program delivery.

Farmers in Tableland reported liking the Participatory experiences, especially, that they were
allowed to take part in and contribute to the activities and share their thoughts. To facilitate experiential
learning, a fundamental shift away from lecturing and talking to farmers, to an approach where we listen
and discuss more is needed. Rather than prescribe scientific information to groups, we need to generate
knowledge from groups in contextual situations and combine such knowledge with our own knowledge-
set and then develop meaningful learning experiences that involve farmers in the process of inquiry, self-
discovery and elaboration. Cognitive psychology tell us that learners bring an existing cognitive structure
to the learning situation, and they must make sense out of the new learning relative to the old if true
learning is to take place. It is in this regard that the knowledge set of researchers, farmers and
extensionists must come together and generate a complete new knowledge-set for dissemination.

The notion that farmers have knowledge based on their long experience of farming in a particular
situation is one that will have to be internalised by researchers and extensionists. This will require
retraining of our researchers and extensionists. The institution itself will have to adapt and become more
flexible to allow for greater interaction among researchers, extensionists and farmers. A seamless
interface between research and extension is what is now needed. This is quite different from the top down
approach with its clear-cut division of responsibilities. Such adaptations must start at policy level.
Central to this change must be that policy makers themselves become sensitised to these modern
approaches that actively promote farmers’ meaningful participation in specifying their immediate
problems, the technology development process, and in tapping their knowledge. Extension providers will
require training in these approaches and methods. The Farmer Field School (FFS) approach used to teach
Integrated Pest Management (IPM) is a tested method along these lines.

36



The challenge is for extension providers to engage clients in creative activities that bring to the
fore their natural enquiring minds and learning abilities. This would serve to empower farmers, providing
them with an enhanced capacity to solve their problems and determine appropriate actions for their farm
situations and even the confidence to demand strategic information from providers when necessary.
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APPROACHES TOWARDS AGRICULTURAIL AND ENVIRONMENTAL EDUCATION,
TRAINING AND EMPOWERMENT FOR THE CARIBBEAN AND DEVELOPING TROPICAL
COUNTRIES: 2001 TO 2050

G.W. Garcia, I Bekele, L.B. Roberts-Nkrumah, C. Braithwaite, C.H.O. Lallo, and G. Young, School of
Agriculture, Faculty of Agriculture and Natural Sciences, The University of the West Indies, St Augustine,
Trinidad, Trinidad and Tobago, W.1.

ABSTRACT: This paper examines the historical relationship between higher education in Agriculture
and the economy in the English Speaking Caribbean [ESC] with special emphasis on the philosophy,
content, structure and delivery of the degree offering. This is done within the context of the significant
changes occurring in the agricultural sector, and in the economies of the region, the fragility of our
ecosystems, as well as of globalization. The paper evaluates the current degree programmes and presents
an emerging paradigm that focuses on strategies for enhancing Access to the University Education in
Agriculture and the Environment in the Caribbean and the wider tropics.

BACKGROUND

The Historical Context between Higher Education in Agriculture and the Economy in the English
Speaking Caribbean

The critical demand for food in the tropical world (wherein lies most of the less developed
countries [LDCs]) is increasing and is likely to continue. To a large extent this is intrinsically associated
with rapidly growing populations in a fundamentally traditional agrarian environment. In the Caribbean
small-holder farming is widespread and so is the use of modern agrochemical inputs. In the context of
food deficit three issues need to be observed:

(1) the availability of agricultural technologies is not a sufficient condition for increasing food
supplies in the tropics,

(2) land degradation is severe and extensive, leading to reduced productivity under both traditional
and modern agricultural technologies and

(3) an absence of concrete development planning and a lack of instruments for its implementation to
initiate the socio-economic transformation of the rural people.

Declining access to food will severely curtail development and compromise the ability of
countries in the tropics to lay a solid foundation for socio-economic progress. The traditional global food
baskets are unlikely to achieve production growth to meet the increasing worldwide affordable demand
for food. The demand for food globally is not only driven by increasing numbers of inhabitants but also
as a result of increasing purchasing power of the growing middle class particularly in some regions of the
developing countries. Thus effective demand for food is increasing which would lead to increases in food
prices to the LDCs with all its consequences and ramifications.

Higher education [HE] will have to play critical strategic roles for future developments of the
LDCs. The two issues in this regard are:

1. relevant training for empowerment and
2. relevant research for development.

Education can be conceived as all activities that aim to provide and obtain information,
knowledge, skills, the ability to use them and the ability to genetate or create them. Thus there is a need
to create and maintain linkages between different levels of education primary, secondary, tertiary
institutions for lifelong lecarning. HE has a role to play at all levels.



The English-speaking Caribbean evolved as an appendage to European Agrarian Economies over
the last four hundred years. These economies were developed to produce primary tropical agricultural
products to be given added value elsewhere, while on the other hand the Caribbean Economies became
net importers of everything including food. Today the situation has changed slightly, but not in favor of
the region since dependence on imported food has increascd while the export of our primary products has
declined significantly. Thus local economies which were primarily agrarian responded to colonial
centres’ needs and not to the needs of the Caribbean Peoples to improve their well-being.

Higher Education in Agriculture also reflected this philosoply. This is evidenced by the
following statement made by Sir Francis Watts [Principal Emeritus], H. Martin Leake [Principal] and
Major H. C. Corlette [Architect] of the Imperial College of Tropical Agriculture in Tropical Agriculture
{ICTA], in Tropical Agriculture Volume 2, 1925:

“The object of establishing the Imperial College of Tropical Agriculture was to enable instruction
of a nature somewhat similar to that which is now so widely given in Agricultural Colleges throughout
the world in connection with the crops of temperate climates to be given to young men about to engage in
agricultural work in the tropics. While there are abundant facilities for the former there are few relating
to the latter, or tropical aspect of the case.”

With the formation of the ICTA in 1921 higher education in Agriculture and the Environment
was only accidentally afforded people of the English Speaking Caribbean [ESC] as ICTA from 1921 to
1960 was primarily engaged in the training of Europeans or Caribbean persons who were being tutored to
service European interests and investments. But the ICTA was a colonial institution funded by both
Caribbean and British investments. ]

In 1960 one saw the development of the Faculty of Agriculture, within the University of the West
Indies [UWI] with a substantial HE and training mandate for developing the potential of the people of the
English speaking Caribbean. The syllabus and training methodologies remained externally focused. The
main objectives of the training were to produce the following cadres of professionals:

- extension officers

- agricultural researchers

- agricultural administrators and
- agncultural managers.

All of the above entailed “Training for Certification” and for “Employment”. It is important to
note that unlike the former ICTA era, within the UWI system Agriculture was no longer an independent
institution but became a unit within a larger system, competing for everything from budget to space
accompanied by the subsequent fragmentation of disciplines. In addition the academic and instructional
directions became constrained by the new Social Sciences and Humanities outlook. Thereby restricting
the development of the new pedagogical needs of HE in Agriculture and the Environment. Around this
time as well one saw the further development of tertiary level Agricultural Colleges throughout the
English speaking Caribbean. In fact many of these colleges preceded the Faculty of Agriculture UWI, but
provided feeder students into ICTA. But the philosophy and objectives behind this training were still the
same.

In addition, post 1960s, within the newly emerging independent nations more emphasis was
placed on the Arts, Humanities and Social Sciences both at the Secondary and Tertiary levels, and less on
the Sciences, especially on the applied sciences of Agriculture and the Environment. There were also
fewer job opportunities [i.e. to seek “Employment or to be an Employee”] in these areas, a situation
which remains today. This is no different to the employment trends that have taken place in the
Developed Countries, but with one exception, Higher Education in Agriculture and the Environment was
never neglected or compromised as has been done in the Caribbean in recent times.

The Changing Attitudes and Directions for Higher Education in Agriculture in the English
Speaking Caribbean

The future direction of HE in the Caribbean countries should be determined by the following:



1. Caribbean countries are essentially agrarian, therefore development in such countries
fundamentally apply to the development of the rural communities;

Globalization is knowledge driven;

Technology and its use is also knowledge driven;

Food security issues linked to environmental, cultural and geo-political;

Empowerment, training not specifically for certification, but to enable people to have increase
capacity to create, acquire and use knowledge to achieve their goals and

6. Must promote sustainable resource use and production systems.

PIENERRN

Our attitudes towards higher education should reflect the change in directions as dictated by the
above.

Table 1. Event Line at the University of the West Indies

Year Action taken

1921 ICTA Diplo. PG

1960 BSc. Programme Introduced

1974 Pre-agriculture Indroduced

1983 Agronomy Indroduced

1992 BSc. Programmes in LS, CS, and Agribusiness Introduced
1994 Human Ecology Introduced

1996 Merger

Table 1 presents an Events Line for HE in Agriculture at the UWI that has been the premiere
Training Institution for the English Speaking Caribbean [the Caribbean Foods Crops Society started
here]. This progression only demonstrated

e Programme diversification,
¢ changes in packaging from yearlong courses [1921 to 1974] to courses offered by the terms [from

1974] to course offered by semester [from early 1990s],

e more changes in packaging from 2001 a new change is being planned to be instituted, i.e.
programmes of minors and majors, to achieve similarity in form with universities in the United

States.

The latter change sounds similar to that suggested by Watts et al in 1925: “instruction of a nature
somewhat similar to that which is now so widely given in Agricultural Colleges throughout the world”.

Particularly the last point reflects a change in structure essentially for conformity in form with
other institutions. It is not internally driven by a philosophy or vision of Agricultural and Environmental
education as a strategy for regional development and transformation. Although in the past there was an
effort to make the curriculum regionally relevant. The more things change the more they remain the
same. All these changes over the years have had the same Educational and Philosophical Objectives as
earlier stated, and in the main have just added or reduced courses or simply repackaged them.

Access, content, structure and the delivery of the degree offerings: Historically access to
programmes has been via High Schools, Secondary Schools and Technical colleges. But the main
constraint to access has been the need for the science based courses which are not offered at all the
secondary schools. The programmes have been offered for three years (six semester packaging), with
accommodation for attendance in either the full or part time mode. Some programmes are offered in
distance mode partially or completely. Courses have been mostly classroom based with limited practical
exposure. With an increase in secondary school enrollment in Trinidad and Tobago, the near future will
also see an increase in demand for places in HE. HE institutions should therefore need to prepare to
accommodate this expected increase in demand for access.
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The Present Situation in Caribbean Economy and the Environment:

The Economies of the English Speaking Caribbean are driven by the following:

L.

Agriculture, which is plagued with problems and is on the decline, but people must eat every day,
and Agriculture is linked to good environmental management [and the Caribbean economies are
net importers of food];

Tourism, which is a very fickle industry and is in the main dependent on a well managed
environment [and the food and beverage which services the tourist sector are import based and its
meaningful contribution to the economy can be improved through greater utilization cuisines
based on locally produced foods]; and

Mineral Extraction Industries, [Oil and Natural Gas, Bauxite, Limestone], these are all non-
renewable resources, and can lead to environmental degradation if not properly managed.

The situation ahead has become even more complicated due to:

—

wbkw

Imminent Globalization;

Global Warming with potentially devastating impacts on agriculture in many parts of the
Tropics;

Increases in the Volume and Value of Importation of food leading to decreased food security;
Decreased employment in Agriculture and increasing unemployment within our economies;

New Communication Technologies making information or misinformation more accessible to all;

Higher Education in Food, Agriculture, and Natural Resource Management- an Imperative for the LDCs.

In this regard the following points should be noted:

L.

2.

There is a positive relationship between access to higher education, economic growth and the
reduction in poverty.

A community of well educated people is better able to adopt and make use of new and emerging
technologies and better able to adapt to changing market environments, and taking advantage of
the opportunities created.

A well educated socicty is better able to govern itself and to secure and keep abreast of
information that will facilitate governance.

Critical Changes needed in Higher Education in Agriculture and the Environment for the Caribbean

Critical Changes are needed in Higher Education in Agriculture and the Environment for the Caribbean
and these must be in the context of the following considerations listed.

L.

Institutional arrangements are needed that promote growth and development of the disciplines of
Agriculture, Food and the Environment within the UWI system.

The academic contents of the programmes should conform to the peculiar requirements of the
sub-region. There is a clear need to form partnerships for life-long interaction. It is high time
that students are accepted as equal partners and stakeholders in this process and see themselves as
such.

Agriculture should establish strategic alliances and linkages with pertinent regional and extra
regional institutions and organizations.

The existing funding of the UW1 is enrollment dependent and as a result budgetary allocations are
subject to fluctuations.

HE: Training and Empowerment Curriculum [HETEC]
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The new educational paradigm is set within the context of an evolving Socio-Economic Matrix. This new
and evolving framework has the following features:
11 Universal ACCESS to information;
2] Increasing demand for ACCESS to higher education per se, within an environment of rigid
matriculation requirements;
3] Increasing demand for knowledge based services;
4] Changes in underlying attitudes for acquiring [E and these are:
e a shift away from Fducation only for Certification for Employment to LEducation for
Empowerment
5] Recognition of the need for continuous upgrade of skills;
s training on a need to know basis for skills upgrade and acquisition

Suppose an HE institution is to take an entrepreneurial approach to agribusiness management
training through the provision of new courses and curriculum to achieve it or, to offer new programmes
for empowerment and training within this proactive situation. But the HE institution continues to use old
teaching and delivery models. Then questions must now be raised about whether objectives of this new
approach will be achieved.

Some of these questions are:

e Will these new courses, which have a corporate orientation lend themselves to teaching and
information dissemination in the traditional didactic format?
¢ How does one successfully coordinate a field trip into the mind of an agro entrepreneur?

It is believed that the Case Study and Problem Based methods hold the answer to these questions.
In fact schools of Business and Law have been using these methods for decades. The Faculty of Medical
Sciences [UWI] and other Medical Schools have gone to the Problem Based Teaching modes over the last
five years. Schools of Agriculture, the Environment and other Applied Sciences have not gone this rout
as yet and are being left behind. :

The Philosophy behind the Teaching and Delivery Strategies for the Alternative Approaches
1. Training should focus on the empowerment of the learner.
2. There should be linkages within the training or education for Agriculture and the Environment
from the Primary to the Secondary to the Tertiary level.
3. Servicing the needs of the stakeholders must be of primary concern.
4. Training must not be in the abstract and must involve appropriate training methods and tools and
should be locally entrenched.

Elements of New Degrees/ Higher Education Programmes in Higher Education for Agriculture and the
Environment
1. Entry Routes
Must accommodate the needs of all potential learners.
2. The Philosophy behind the Education Initiative
The new philosophy must be derived from within the societies. [See Box]
3. The Finished Product Desired
[Begin with the End in Mind: Creating Problem Identification and Solving abilities]
Technical Competence
Technological Competence
Empowerment
Experience
The Skills

LA
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= The Type of Human
= Entrepencurs
= Creating Problem Identification and Solving abilities
4. The Pedagogical Needs and Approaches
= Pedagogical Necds
1. Old
2. Added
3. Different
= Programme Delivery Modes
l. Modes
2. Access
5. Programme Participants
< The University/ Programme Management Unit
<> The Stakeholders or Workplace sites
Commercial Farms
University and HE farms and facilities
Commercial Processing Facilities
Other Institutional Facilities
The Food and Beverage Service Sector
Other
<> The Leaners
6. Programme Content
This will now have to worked out after feedback from this paper is obtained an with the
participation of all stakeholders.
7. Programme Delivery
= Delivery Modes
= Infrastructure Requirements
8. Learner Evaluation
= Continuous Assessment
= Final Evaluation
9. Programme Evaluation

VVYVVY

A Radically New Approach towards the Delivery of Agricultural and Environmental Education
An outline of the Programme Framework

Pre-entry Profiling
and Characterizing:

Entry: Phase 1

Semester 1/

(3 Months Face to Face/
Six to 9 Months Distance]

Phase 2

Workplace Based Programme
[Two/ Three Calendar Years]
[Workplace Exposure plus
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Distance Education Delivery

Phase 3

Out of Workplace Based Programme
[One Calendar Year: Face to Face/
Two Calendar Years : Distance]

CONSTRAINTS

The constraints faced in attempting to develop a programme with the above features are as follows:

1] the university’s slow response to the rapidly changing socio-economic matrix and some of the
university’s management staffs’ attitude towards HE i Agriculture, in the recent past;

2] people within the ESC are being exposed to temperate based programmes which are are attractive but
not necessarily relevant to the Caribbean and the wider Tropical world and the LDCs;

3] locally created programmes are not “sexy” and attractive to some outward looking university academic
administrators.

CLOSING REMARKS

It is now clear that in order to initiate a proactive and empowering solution to HE in Agriculture and the
Environment the following have to be addressed:

1. The institutional arrangements for Agriculture in the UWI must be addressed as a matter of
urgency.

2. Prompt initiation of dialogue with all the stakeholders.

3. Immediate expanded use of Case Studies and the Problem Based Teaching Methods.

4. The expanded exposure of student exposure to the industry.

5. Planning of the New Programmes Development in consultation with the wider clientele and
stakeholders.
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PLANT PROTECTION COOPERATION WITHIN THE CARIBBEAN PHYTOSANITARY
CARTOGRAPHY, DATA BANK CREATION

M.Bastide, Cooperative of Extension Services of Plant Protection in Guadeloupe

ABSTRACT: The similar agricultural development, of the Caribbean productions systems, makes it a
solidar region taking in consideration the aggressions suffered by our crops. The geographical context,
political characteristics and the linguistics differences, permitted the settlement of different insular plant
protection regulations. The increase of exchanges and transportations within our societies, the lack of
efficient control of tourist tours and information on phytosanitary problems of neiboring countries, carry
every year new pests and parasites in the Caribbean. The procedures of their control, usually take in
consideration the territory invaded, but does not stop new introductions and the spreading abroad. The
purpose of this project is to favour the settlement of common information concerning the main harmful
organisms with economical status, the creation of a warning network, able to prevent the risks and to
follow the evolution of pests newly introduced. The exchanges of information on control measures and
regulations of use of pesticides, in order to assess their efficiency and impact on our agro systems. The
final objectives being the promotion of and the extension of technologies sorely tested with the dialogue
and input of all involve in the process of crop production, the farmers being inserted in the centre of the
reflex ion.
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CONTROLLING PASTURE MOLE CRICKETS WITH NEMATODES

M.B. Adjei and G.C. Smart Jr., Range Cattle Research and Fducation Center, University of Florida,
3401 Experiment Station, Ona, Florida 33865 ,Dept. of Entomology and Nematology, University of
Florida, Gainesville, Florida 32611

ABSTRACT: Several bahiagrass (Paspalum notatum) pastures in south Florida have been destroyed by
non indigenous mole crickets (Orthopthera: Gryllotalpedae: Scapteriscus spp.). ‘Pitfall’ traps were
installed on damaged pastures in July 1997 and weekly numbers of trapped mole crickets were recorded
through December 2000 and used to develop mole cricket population histories. The mole cricket
nematode (Steinernema scapterisci) was applied in strips to cover 1/8, 1/4, and "2 the area of different
pastures in May and September 2000, and in March and April 2001 to determine the best procedures and
times for using the nematode. An exponential curve (Gaussian, 3 Parameter) best described the weekly
incidence of immature (nymphs and juveniles) mole crickets in bahiagrass pasture. Mole cricket eggs
usually begin to hatch in May and the number of trapped nymphs reached a peak (average = 23
nymphs/week) in July and then dropped sharply. Preliminary data showed a reduction in peak incidence
of immature mole crickets after applying the nematodes in experimental plots, regardless of strip
treatment. Percentage of trapped mole crickets that were infected with nematodes ranged from 86% for
the ' area treatment to 41% for the control on 4 April 2001 sample date. These levels of infection clearly
indicate that the nematode has become established across entire pasture and is reproducing and killing
mole crickets.

INTRODUCTION

Non-indigenous mole crickets Scapteriscus spp. (Scudder) cause serious damage to pasture, lawn
and crops in Florida. It is estimated from a survey by the South Florida Beef and Extension Program
(1998) that nearly $45 million revenue is lost annually to cattle producers in south central Florida as result
of reduction in hay and forage production by mole crickets damage and an extra $10 million/year spent on
pasture renovation.

All three pest mole crickets found in Florida: ‘Tawny’, S. vicinus (Scudder), ‘Southern’, §.
borellii (Giglio-Tos) and ‘Short-winged’, S. abbreviatus (Scudder); were inadvertently introduced into
either ports of Georgia, South Carolina or Alabama from South America in ship’s ballasts in the early
1900s (Walker, 1981). From these points of introduction, the Tawny and Southern mole crickets spread
westwards and southwards and by 1960 had covered the entire state of Florida (Walker and Nickle, 1981).

Mole crickets spend nearly all their year-long life cycle underground (Walker, 1984), making
population sampling in the field very difficult. Eggs are laid in clutches in underground chambers.
Nymphs tunnel to the surface and feed in the upper soil and litter. Juveniles and adult make and occupy
extensive tunnel systems. In south and central Florida, tawny mole cricket has one generation per year
but the southern mole cricket has two generations annually (Walker 1984). It is only during their peak
mating flights in early spring to late summer that pest mole crickets are conspicuous to the casual
observer.

Mole cricket damage to pasture and turfgrass is principally due to feeding by tawny mole crickets
(Hudson, 1984). At night, crickets usually leave their borrows to feed on above-ground plant parts, biting
off stems and leaves, which are dragged into their burrows to be eaten, whereas roots may be eaten at any
time. Mechanical damage to plants is caused by the tunneling activity of mole crickets and is the
principal detrimental effect of southern mole crickets on pasture. Damaged pasture first appears as
yellow in small or big patches which die and turn brown. In areas of high mole cricket population
density, the surface 20 to 25 cm soil layer is honeycombed with numerous tunnels and ground feels
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spongy when stepped on. Heavily damaged pasture grass has virtually no root system and is easily pulled
from the soil by cattle of foot traffic.

Three basic sampling techniques for monitoring mole crickets have been described (Hudson
1988) although none has overcome the basic obstacle of showing good correlation with true population
density. These sampling tcchniques are sound traps for flying adults (Walker, 1982), linear pitfall traps
for monitoring the activity of immature mole crickets (Lawrence, 1982) and soil flushing for both classes
(Short and Koehler, 1979). More than 15-yr data has been collected around Gainesville and Bradenton
urban areas on adult pest mole crickets flights with sound traps (Walker, 1994). However, adult mole
crickets could fly over long distances and sound trap numbers may not reflect mole cricket seasonal
distribution on specific ranches

This study was designed to 1) use permanently set pitfall traps to monitor the long-term seasonal
abundance of immature mole crickets on pasture in relation to rainfall and pasture damage. 2) Use
population histories developed as baseline to evaluate the efficacy of biological control with mole cricket
nematodes.

MATERIALS AND METHODS

The study was conducted on selected ranches in south central Florida with severe initial mole
cricket damage symptoms. In July 1997, six pitfall traps were installed on a 4-ha bahiagrass pasture at
two heavily infested ranches in the Green Swamp area of Polk County and one each in Manatee and
Pasco counties. The same number of traps were set on newly-established, healthy pastures in Desoto and
Highlands counties and on .two pastures at the Range Cattle Research and Education Center (RCREC),
Ona in Hardee county.

Traps at each site were labeled 1-6 in decreasing slope and were cleaned weekly from July 1997
through December 1999. At cleaning, trapped tawny and southern mole crickets in each trap were
counted. Development of immature mole crickets was monitored at one site in the Green Swamp area by
measuring the length of the pronotum of 20 trapped mole crickets monthly. Amount of weekly rainfall
was recorded for the two Green Swamp sites in Polk County, the Manatee, and Pasco sites. Pasture on
damaged sites was rated as to percentage yellow, dead brown, and bare ground/weeds, every spring using
a divided m” quadrat. The quadrat had 100 divisions, each representing a percentage point, and was
thrown randomly to twenty locations on the 4-ha field.

Nematodes (Steinernema scapterisci (Ss)) were applied in September 2000 to one-acre centers of
two-acre bahiagrass plots in strips to cover 0, 1/8, 1/4, and 1/2 of the plots. A modified sod-seeder was
used to apply the nematodes to about one inch depth of the topsoil. The standard application rate of
nematodes is one billion/A, but stripping allows for significant reduction in quantity applied/A.
Following strip-application of nematodes in the field, weekly monitoring of trapped mole cricket number
was continued through 2001. Additionally, every 28 d, samples of mole crickets were collected 24 hr after
cleaning traps and taken to the laboratory and analyzed for nematode infection. This involved incubation
of mole crickets that died in the laboratory at 28 °C for a period up to 14 d. The cadavers were then
separately examined under the microscope at 50 X for the presence or absence of Ss nematodes.

Data on weekly trapped mole crickets were subjected to statistical analysis of variance (SAS
1989) with site as main plot and year and week as split and split-split plots in time, respectively, and traps
as replicated blocks. Due to significant site x year interaction, weekly abundance of trapped mole crickets
were fitted to week of the year, separately for each site, using SigmaPlot regression software (SPSS Inc
1997) that maximized regression coefficient of determination (R?) and minimized standard error (SE).
Comparisons of nematode strip-treatment effect on mole cricket abundance and of the level of nematode
infection in mole crickets were made with analysis of variance and Fisher’s LSD mean separation.
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RESULTS AND DISCUSSION

Seasonal Dynamics of Juvenile Mole Crickets on Bahiagrass Pasture

Trapped mole cricket numbers varied depending on site of bahiagrass pasture (P < 0.05), year (P
< 0.00]1) and week of the year (WOY) (P< 0.0001). The interaction between site and year also
approached significance (P< 0.10). The 3-yr (1997-1999) mean weekly trapped mole crickets ranged
from 10.1 to 12.4/trap for the two Green Swamp sites in Polk County, and the sites in Pasco and Manatee
counties, but from 0.7 to 1.7/trap for the newly established bahiagrass pastures in Desoto and Hardee
counties (Table 1). Sites that recorded annual mean weekly mole cricket numbers > 10 such as Combee,
Clark, Nutts, and Harlee ranches also had pasture severe damage (yellow +decad/weeds) ranging from 49
to 72% (Table 2). Conversely, the lightly infested sites including Desoto and the RCREC stayed green in
spring and showed little sward damage.

Weekly abundance of immature (nymphs and juveniles) pest mole crickets on damaged
bahiagrass pastures over time within the year was best described by an exponential curve (Gaussian 3
Parameters) (Figs 1-4). Mole cricket eggs normally hatch in May-June (Walker, 1983), and the number of
trapped nymphs on pasture reached a peak after the first major summer rainfall in June-July. The 3yr-
mean peak trap counts (‘a’ value) were 23 on week (Xo) 30 for Combee ranch (Fig 1), 26 on week 25 for
Clark ranch (Fig 2), and 40 on week 25 for Nutts ranch (Fig 3). On Harlee ranch (Fig 4), we experienced
variable yearly patterns of weekly nymph abundance. A peak reaching over 100 nymphs/trap occurred in
early July of 1997, a bimodal peak (June and September) averaging 45/trap in 1998, and a peak of only
20/trap in 1999. On these damaged fields also, at least one spike in mean weekly nymphs/trap exceeded
50 during the three year monitoring. Data on mole cricket numbers obtained during 2001 season will be
compared to the previous 3-yr mean to evaluate the effectiveness of nematodes for biocontrol.

Preliminary data obtained in Spring 2001 from the Polk City trial indicate that mole crickets that
were Initially infected with the nematode have spread the nematode across the whole 24-acre pasture.
Nematode infection level in trapped mole crickets was 80% or higher at 'z rate strip application, 60% at
1/4 rate, 50% at 1/8 rate and even 33% at O rate (Table 2). These results have persisted through June
2001(Table 3) which suggest that the targeted market price for Ss nematode on golf courses ($200/A) can
be substantially reduced to $20-30/A using strip application on pasture. Field application cost would run
similar to a bush-hog operation of $5-10/A. Grass recovery from previous damage has been slow because
of weed infestation into damaged areas. Estimated basal grass cover changed from 43% in May 2000 to
50% in May 2001 and it may be necessary to reseed the damaged arecas. However, recycling of
nematodes in mole cricket population should result in long-term control of the pest and improve chances
of grass recovery from re-seeding. For proper control, nematodes should be injected into the top inch of
the soil, during the fall or spring adult mole cricket seasons, after a rainfall, at sundown, in areas where
adult mole crickets are abundant.

SUMMARY

Pitfall traps were used to develop 3-yr population histories of pasture mole crickets in several
south-central counties of Florida. The period June-July marked peak abundance of mole cricket nymphs
on pasture. The efficacy of Steinernema scepterisci nematodes for controlling mole crickets was studied
from strip filed inoculation of the nematode. Preliminary data showed a successful establishment of the
nematode within the mole cricket population even with 1/8 area treatment. Classical biological contro! is
a long-term, slow process and significant improvement in pasture condition is expected over time.
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Table 1. The effect of pasture site on 3-yr mean weekly mole cricket count/trap and corresponding
pasture damage estimate.

Damage estimate, %

County Ranch count/trap Green Veliow dead/oeeds
Polk A.D. Combee 10.1 45 4 51
Polk George Clark 12.4
Manatee Harlee Farm 11.2 28 10 62
Pasco Mary Nutts 11.0 51 37 12
Hardee RCREC-71A 0.7 98 1.5 0.5
Hardee RCREC-87 1.7 85 5 10
Desoto Steven Houk 1.6 97 2 1.0
LSD P=0.05 5.7 12 8 11
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Table 2. Percentage of trapped mole crickets infected with Ss nematodes on 4/21/01 following
application on 9/27/00.

# trapped mole crickets ~ # mole crickets % infection
infected with Ss
Strip treatment nematodes
Y, area coverage 21 18 86
1/4 area coverage 19 16 84
1/8 area coverage 20 12 60
0 coverage 17 7 41

Table3. Percentage of trapped mole crickets infected with Ss nematodes on 5/18/01 following application
on 9/27/00

# trapped mole crickets ~ # mole crickets % infection
infected with Ss
Strip treatment nematodes
Y2 area coverage 5 4 80
1/4 area coverage 7 3 43
1/8 area coverage 4 2 50
0 covcrage 6 2 33
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Figure 1. Mean weekly number of mole crickets trapped on A.D. Combee ranch in Polk county
from 1997-1999 and weekly rainfall amount.
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STATUS OF THE HIBISCUS MEALYBUG (HMB) MACONELLICOCCUS HIRSUTUS AND
THE EXOTIC NATURAL ENEMIES IN TRINIDAD

C. Shirpat, Ministry of Food Production and Marine Resources, Trinidad and Tobago

ABSTRACT: The HMB was first reported in Trinidad in 1995. Following short term control strategies a
classical biological control programme was initiated in 1996 as a long term sustainable control strategy.
The exotic natural enemies released were Cryptolaemus montrouzieri (Cm), Scymnus coccivora (Sc) and
Anagyrus kamali (Ak). Since 1996, six islandwide surveys were conducted to determine spatial
distribution of HMB and the exotic natural enemies to assess the impact of the natural enemies, and to
quantify plant damage. The methodology was developed by the FAO under the Technical Cooperation
Project (TCP). The data from these surveys were compared to determine the impact of the natural
enemies on HMB. Generally few Ak and Sc were recovered. However, Cm appears to be established in
the environment. The HMB population after releases was also low for all counties. Hibiscus spp. continue
to be the most susceptable host plants. Although crinkling and curling symptoms appeared in surveyed
plants, damage was not critical. Data from these surveys also served to provide supportive information on
the status of the HMB population and facilitated the resumption of regional trade.

INTRODUCTION

The Hibiscus Mealybug (HMB), Maconellicoccus hirsutus Green (Homoptera: Pseudococcidae),
which is native to South—East Asia has a wide host range attacking over 125 plant species (Peterkin, et al ,
1999). It was first reported in the Western Hemisphere in Grenada in 1994. In August, 1995 it was
recorded in Trinidad (Mc Comie, 1995). The pest is now widespread in the region (FAQO, 1999) (Table 1).

* Table 1: Current reported distribution on Pink Hibiscus Mealybug in the Caribbean Sub — Region

Country R Date of Reporting -
Grenada and Carriacou November 1994
Trinidad (and) Tobago August 1995, November 1996, respectively
St. Kitts (and) Nevis November 1995, Decernber 1995, respectively
Netherlands Antilles:
Aruba, Saint Maarten, St. Eustatius, Curacao | ?, September 1996, May 1997, June 1997,
St. Lucia respectively
Anguilla October 1996
Guyana 1996 7 / February 1997
British Virigin Islands (Tortola) April 1997
St. Vincent and the Grenadines May 1997
United States Virgin Islands:
St. Thomas, St. John, St. Croix May 1997, May 1997, June 1997, respectively
Puerto Rico:
Culebra, Vieques, PR Mainland (E. Farjado) | December 1997, June 1997, April 1998, respectively
Montserrat January 1998
Guadeloupe April 1998
Martinique March 1999 ]

* Source: FAO Circular Letter No. 1/99

Chemical and cultural practices were adopted as short-term control strategies which however
were not effective (Mc Comie, 1996). Following these measures a classical biological control programme
was initiated in 1996 as the main component of an IPM system for long-term control. Two (2) exotic
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ladybird beetles Cryptolaemus montrouzieri (Cm) and Scymnus coccivora (Sc) (Coleoptera:
Coccinellidae) were introduced together with the parasitic wasp Anagyrus kamali (Ak) (Hymenoptera :
Encyrtidae) were used for the control of the HMB. In 1999, another exotic parasitic wasp, Gyranusoidae
indica (Gt) (Hymenoptera : Encyrtidac) was reported in Trinidad (CABI, 1999). This wasp was one of
the complex of biogents used in controlling HMB in St. Kitts, and Grenada, however, it was never
officially introduced in Trinidad.

Large scale surveys are necessary to demonstrate the impact of exotic natural enemies on pest
populations (Neuenschwander, 1996). This requires large numbers of field units, randomly selected for
sampling in order to obtain empirical data.

In 1997 as part of the FAO Technical Cooperation Project (FAO/TCP) on the Hibiscus
Mealybug, a survey protocol was developed for implementation by individual countries. This survey was
previously designed to capture data on the status of levels of HMB infestations, impact of natural
enemies, data to determine establishment of natural enemies and to quantify plant damage. Collection of
other mealybugs for identification was also sought. Data from these surveys also serve to determine future
control programmes. In 1999 the FAO / TCP Protocol was slightly modified to include sites on secondary
roads to capture farms with sorrel and ochro.

Since 1996, islandwide surveys have been conducted every year in Trinidad and in Tobago. Data
from these surveys have provided supportive information on the status level of HMB and assisted with
the resumption of regional trade.

METHODOLOGY
Grids

The island was divided into 50 km squared grids. Only grids that were accessible by main and/or
secondary roads were surveyed. A total of 88 grids were accessible in all eight counties as follows:

Caroni 11 Nariva/ Mayaro 14
St. George West 14 St. Patrick East 7
St. George East 8 St. Patrick West 14
St. Andrew/ St. David 14 Victoria 6

Survey Routes

Survey routes were identified on the grid map before going out into the field. Three (3) sampling
points were selected along the main road 2.0km apart and another three (3) along secondary roads 1.0km
apart. Secondary roads were sampled to capture commercial crops like ochro and sorrel. The first
sampling point was selected at random and predetermined at 0.0, 0.5, 1.0 and 1.5km from the edge of the
grid.

Sites

Each sampling point was classified as Urban Homestead, Rural Homestead, Farm, Teak Forest,
Roadway or Empty Lot. These sampling points were described as follows:-

Urban Homestead - a household in a developed area away from the city.
Rural Homestead - a household in the country.

Farm - an area cultivated with agricultural crops or ornamentals.
Teak Forest - an area intensively cultivated with teak.

Roadway - a site at the side of a main or secondary road.

Empty Lot - a vacant uncultivated area in urban or rural communities.
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Indicator Plants

The list of indicator plants selected were those highly susceptible to the HMB. Eight plant species
were selected as follows: Annona spp - soursop, Sida spp.- broomweed, Hibiscus esculentus - ochro,
Hibiscus spp.- ornamental hibiscus, Hibiscus sabdariffa- sorrel, Achrysanthes indica- man-better-man,
Tectona grandiis - teak, Malacra sp.- wild ochro.

Sampling

Sampling units were used according to the parts of the plant that were attacked or available.
These include branch / shoot, flowers / fruit or leaves.

Ten plants were sampled for each site and five units per plant were scored. A sample was taken
from the first 15cm of the shoot selected within arms reach. For fruits, the first five encountered while
walking around the tree were sampled.

The first of the five units per plant sampled was collected, placed in separate plastic bags and
taken to the laboratory for further examination and scoring. Each plastic bag was labelled with grid
number, site number, sample number, date and collector’s name.

Additional samples were collected from sites with more than one indicator plant species.

Field Scoring and Recording

Shoots / Flowers: Mealybug population and plant damage was recorded on a scale of 1-5 as follows: - No
Mealybugs, plants show no sign of damage; No Mealybugs, plants show signs of damage e.g. curling and
crinkling of leaves; Small inconspicuous colonies of Mealybugs at terminal buds or inflorescences;
Conspicuous infestations limited to terminal buds; High infestations, extending to stem, sooty molds may
be present.

Fruits (Soursop): Mealybug population and other symptoms were also recorded on a scale of 1-5 as
follows: -No Mealybugs, fruit(s) clean, no sooty molds; No Mealybugs, fruit(s) show(s) signs of previous
infestation e.g. Sooty mold, Mealybug waxing coating; Small inconspicuous colonies of Mealybugs (<)
less than 10% surface area; Conspicuous colonies limited to part of the Fruit 10-30% of surface area;
High infestations over 30% of surface area.

Laboratory Scoring of Shoots / Flowers for HMB: In the laboratory the following observations were made
from the samples: number of ovisacs; number of crawlers; number of juveniles; number of adult females.
Laboratory Scoring of 4. kamali and G. indica: Actual counts of intact mummies, empty mummies and
adult Anagyrus kamali and Gyranusoidae indica were recorded.

Laboratory Scoring — C. montrouzieri and S. coccivora: The following observation were made on Cm and
Sc. Number of Larvae, pupae and adults and number of other natural enemies. All C. montrouzieri and
other natural enemies which could feed on A. kamali were removed and the number of insects left in the
plastic bag were recorded.

Percentage Parasitism: Following counts of 4. kamali, S. coccivora and C. montrouzieri all samples from
each site were placed in rearing jars for emergence of adult 4. kamali and G. indica. These jars were
monitored every 2-3 days for a period of three weeks and the number of emerged parasitoids were
recorded.

The percentage of parasitism was calculated as follows:-

Percentage Parasitism = No. of emerged parasitoids X 100
Total no. of susceptible stages+intact mummies

The Statistical Package for Social Sciences (SPSS) was used for data processing.
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RESULTS AND DISCUSSION

Average HMB Score by Plant Species: For most crops there were peaks and fluctuations in average
scores for the six surveys. However, scores for most species was <2, indicating relatively clean plants.
Hibiscus spp. maintained the highest score throughout the surveys while the average score peaked (2.0) in
sorrcl in the last survey.

It is evident that HMB is established in the environment but their populations have been
suppressed. The early short term strategies of chemical use and cultural practices may have initially been
efffective in controlling population growth. The long term biocontrol measures afterwards continued to
suppress the pest.

Average HMB Score for Commercial Crops: Ornamental hibiscus, sorrel and ochro are preferred hosts of
HMB. Although the scores were low (<2.00) for these crops heavy losses can be obtained especially on
sorrel and ochro. Management of the pest therefore, should begin early in these species.

Percentage of Samples with HMB score of 2 and above by County: Generally there were peaks and
fluctuations in the percentage of samples scoring 2 and above for all surveys. Survey 2 had the lowest
percentage of samples scoring 2 and above for all counties. The highest (54.49) percentage was found in
St. George East county in Survey 6 (Figure 1). Control strategies should therefore be intensified in this
area. This occurred because sorrel was the most predominant plant species in that county. The crop was
abandoned in the fields after the final harvest allowing for build up of the HMB population.

Overall the southern counties St. Patrick East, St. Patrick West, Nariva / Mayaro and Victoria had
the highest percentage of samples scoring two (2) and above. These counties should be more closely
monitored and augmentative releases be made if necessary, to suppress the pest population.

Survey 2 consistently had the lowest percentage of samples scoring 2 and above for all countries.
The highest (17.2%) was found in St. Patrick West while the lowest (1.2%) was found in Caroni. At that
time major control activities including public awareness were still being executed which resulted in the
low pest populations.

Figure 1. Samples with 1{M1B Score of 2 and above by county.
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Cm in the field by County: [t is evident that wherever HMB was present, Cm was also present. Peaks in
HMB populations, coincided with peaks in Cm populations (Figures 2 and 3). For Survey 6, the
percentage of samples scoring 2 and above peaked at 54.49 while the percentage of Cm peaked at 16.33.

Figure 2. Cryptolaemus montrouzieri (Cm) in the field in relation to county.

HMB and Natural Enemies relative to Field Sites: HMB was most prevalent in Rural (40.34%) and Urban
(37.99%) sites. These sites also had the highest percentage of samples with Cm for all six surveys. The
percentage of Sc and Ak was quite low in those sites and almost not present in the other sites. At low pest
populations it is possible that Cm may feed on Sc and Ak thus accounting for their low populations.

Figure 3. HMB and natural enemies relative to field sites.
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The results were consistent for all surveys i.e. peaks and fluctuations in HMB population
coincided with that of Cm. Nine months after initial releases of Cm the impact of this Natural enemy on
HMB was quite visible and remained so (Mc Comie, 1996). Cm was also reported (Gautam et al., 1996)
to be quickly established in the environment.

The peaks and fluctuations in pest and natural enemy populations are typical in classical
biological control programmes in which natural enemies are released for controlling pest populations.

CONCLUSION

Generally counts of HMB and the exotic natural enemies were low. The most prevalent natural
enemy in the environment was Cm. It appears that this was the preferred coccinellid for release. In all
instances the peaks in HMB populations corresponded with peaks in Cm populations. Cm seems to be
established in the environment.

Few S. coccivora, A. kamali and G. indica were recovered. Although these natural enemies were
present in the environment, it is doubtful whether they have established or not. Exclusion studies in the
short term and long term population dynamics studies will determine the status of these natural enemies.

Data from these surveys have provided supportive information on the status level of HMB and
assisted with the resumption of regional trade.
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DETERIORATION OF YAM (DIOSCOREA ALATA) TUBER SEED-PIECES IN NATURAL
SOIL AND COMPOSTS

J.A. Toribio, F. Papier and J. Pauvert. INRA Guadeloupe.

ABSTARCT: A survey of fungi on yam (Dioscorea alata cv. “Kabusah”) tuber seed-pieces was
conducted in order to appreciate those that can induce rotting in natural soil and composts. Fusarium
oxysporum and F. solani seem to prevail on tubers after storage, as shown when the tuber pieces were
incubated in autoclaved ferrallitic soil. In natural ferrallitic soil, F. solani dominated on the tuber pieces.
This fungus was also easily trapped with pieces of tuber flesh incubated in both a ferrallitic and a vertisol
soil. It was accompanied with a Pythium and Geotrichum species in the ferrallitic soil. When the tuber
seed-pieces were incubated in a compost suppressive for Pythium and conducive for F. solani, they were
severely decayed by this pathogen and did not germinate. In another “vegetable mud” substrate, 100 % of
seed-pieces germinated and produced a good-starting plant. Our results indicate that F. solani can play an
important role in tuber seed-pieces rotting in natural soil and some composts. Some indications on the
management of this type of planting materials are discussed. '
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PESTICIDE RESIDUES ON LOCAL FOOD CROPS: REALITIES AND RECOMMENDATIONS

Ivan Chang Yen, Dept. of Chemistry, The University of the West Indies, St. Augustine,; Carlyle Kalloo,
Environmental Management Authority, Port of Spain, Trinidad, Isaac Bekele, Dept. of Food Production,
The University of the West Indies, St. Augustine; Wade Lee Fook, Ministry of Agriculture, Centeno,
Trinidad; Ronald Barrow, CARINET, St. Augustine, Trinidad

ABSTRACT: A recent market basket survey of organophosphate insecticides in Trinidad clearly
indicated improper use of this class of insecticides on produce offered for sale to local consumers. In
several cases, crops appeared to have been harvested without regard for recommended pre-harvest
intervals, as well as being treated shortly before harvest. On many samples, recommended maximum
residue levels were exceeded, particularly on celery, on which mixtures of insecticides were frequently
and consistently detected. Supervised field trials of five of the most commonly detected organophosphates
showed that recommended pre-harvest intervals of each pesticide were often not in accordance with
actual field degradation rates. In some cases, residue levels of pesticides declined faster than expected,
raising the possibility of re-infestation of crops by pests within the recommended pre-harvest intervals.
Our results indicate a pressing need for supervised efficacy and pesticide residue trials, of all pesticides
used on food crops under local growing and storage conditions, and offered for sale locally or exported.
The recent acceptance of HACCP for food production systems also mandates regular monitoring of edible
crops for contaminants, including pesticide residues, to ensure the safety of consumers.

INTRODUCTION

The effective application of pesticides is a necessity in modern crop protection. For many local
farmers, it often represents the only means of guaranteeing their harvests and their livelihood.
Unfortunately, pesticide overuse often leads to the development of pest resistance, which in tum results in
pesticides becoming ineffective at recommended rates of application, or being ineffective altogether.
Consequently, increased rates of application may become necessary for pest control, or by the use of other
pesticides or control strategies. However, the development of genetically modified pest-resistant crops,
which may reduce the use of pesticides, is not without problems, particularly in Europe (1).

The application of combinations of pesticides is a well-established practice in pest control, and is
commonly done by local farmers (2). In addition, the “more is better” principle is often adopted in
application rates, leading to problems of pesticide residues on harvested crops. Such residue problems are
exacerbated by praedial larceny of freshly sprayed crops (3), as well as the non-observance of
recommended pre-harvest intervals (PHI), following the final pesticide application. However, pre-harvest
intervals are often developed under conditions which may differ significantly from local growing
conditions and may thus be considered inappropriate by local farmers.

Nevertheless, pesticide residues on crops are cause for concern for consumers, and maximum
permissible levels in edible crops have been set for each pesticide (4). Not surprisingly, pesticide residues
have occasionally been found on crops exported to the US from the Caribbean (5). Once maximum
permissible levels are exceeded, such produce is rejected, and enhanced monitoring of subsequent
shipments is implemented. In the face of strong competition from other regions, such action may result in
permanent loss of markets for local and regional farmers.

In this study, a survey of pesticide application practices by local farmers was undertaken to
determine pesticide usage patterns, followed by a market-basket study on the levels of organophosphate
pesticides on produce offered for sale to consumers. Supervised field trials on selected organophosphate
pesticides were carried out, to determine their persistence patterns and PHI under field conditions, as well
as to help explain the results of the market basket study. Summary findings are presented and
recommendations made, for the benefit of both the farmer and the consumer.
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MATERJALS AND METHODS
(a) Farmers’ survey

Farmers (N = 69) in north, central and south Trinidad were interviewed, using a questionnaire.
Information obtained on pesticide application practices, including the use of mixtures of pesticides, types
of pesticides used on various crops, and the observance of recommended pre-harvest intervals were
collated. Results of this survey are presented in Tables 1 and 2.

(b) Market basket study

A total of 200 samples representing 17 crops, was purchased in local markets and supermarkets,
for analysis of organophosphate pesticide residues, from September 1996 to May 1997. This number was
calculated to represent all produce containing pesticide levels above the Codex Alimentarius (4)
Maximum Residue Levels (MRL), determined within 0.05 units at the 95% confidence level (6). Codex
protocols on minimum sample size and items per sample were closely followed in sample collection.
Summary results are shown in Table 3.

(¢) Supervised field trials

Five organophosphate (OP) insecticides were applied individually to Pak Choi Brassisca sinensis
L), using a randomized block design and 200 plants per treatment. Eight spray applications were made at
recommended rates of application for each pesticide during the dry season. In comparison, five
applications were made during the wet season, since applications were made only during periods of little
or no rainfall, until close to crop maturation.

The method of analysis used (7) was validated prior to sampling, and quality control measures
implemented during the entire programme.

Calculated values of pr-harvest intervals required for each pesticide to fall below its MRL are
summarized in Table 4.

RESULTS AND DISCUSSION
(a) Farmers’ survey

Table 1 shows the summary data on use patterns of pesticides, excluding herbicides, by local
farmers. A wide range of different chemical classes are used in crop protection, with the most used
pesticides being profenofos, used as two different formulations, and cypermethrin.

In addition, the same formulation of a pesticides could be used on a range of crops to control
different pests. For example, for OP pesticides, up to 34 different formulations, containing 27 OP
pesticides, were used on tomatoes, while 27 different formulations with 16 OP were used on cabbages
(Table 2).

Likewise, mixtures of pesticides were applied simultaneously, often using the “more is better”
principle. Spreaders and stickers were also used to enhance pesticide persistence, mainly during the wet
season, but appear to be increasingly used in the dry season as well. Pesticides were normally applied to
cash crops at 4-5 day intervals in the dry season, and even more frequently during the wet season.
Recommended pre-harvest intervals were often not strictly adhered to, this practice being encouraged by
consumers preferring unblemished produce, as well as incidents of praedial larceny.
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(b) Market basket study

Of the 200 samples analyzed, 22% contained detectable OP pesticides, of which 10% exceeded
Codex Alimentarius MRL (4). The worst affected crop was locally grown celery, with 15 of 18 samples
containing detectable OP residues, 13 above the MRL.

The most commonly detected OP was methamidophos, followed by triazophos, profenofos,
diazinon, ethion, pirimiphos methyl and dimethoate.

These results in Table 3 were consistent with our farmers’ survey data, with respect to pesticide
use patterns and practices, including the observance of pre-harvest intervals. For example, the
40.20mg/kg triazophos and 15.74mg/kg methamidophos levels on celery are well above the MRL and
pose a significant threat to the health of the consumer. Similarly, the 8.52mg/kg profenofos level, also on
celery, strongly implies that harvesting was carried out soon after spray application, since this pesticide
decays rapidly once applied in the field (8).

Our market basket data strongly suggest the need for increased monitoring of produce offered for
sale to consumers. Continued education of farmers on the observance of safe pre-harvest intervals is also
required.

(c) Supervised field trials

For each pesticide, the residue (Y) at time (t) fitted and exponential decay model of the following
form, representing the pesticide decay rate:

Y=a+be“

where Y is the fitted pesticide concentration; t is the time (days) after spray application; a, b, and c (c>0)
are the estimated parameters; (a + b) denotes the initial pesticide level.

The time taken for each pesticide to decay to below the MRL was calculated for both wet and dry
seasons. Results are shown in Table 4.

Of the five OP pesticides investigated, triazophos was highly persistent in both wet and dry
seasons, while methamidiphos was more persistent under dry than wet conditions. In comparison,
phenthoate, profenofos and pirimiphos methyl disappeared rapidly under
wet or dry conditions.

Our pre-harvest intervals, calculated for pesticide levels to fall below the Codex MRL,
compared well with those recommended by the pesticide manufacturers for pirimiphos. However, for
phenthoate and profenofos, our rates were about half those recommended by the manufacturers; while this
provides added safety for the consumer, it could lead to pest re-infestation, if the pesticide levels become
too low to maintain control. For methamidophos, the experimental and manufacturer’s values agreed for
the dry but not the wet season. In comparison, triazophos required about a week more than
recommended, to fall below its MRL, and can result in produce being harvested before the MRL is
achieved. These findings may explain the detection of methamidophos and triazophos on several samples
of our market basket survey.

CONCLUSIONS AND RECOMMENDATIONS

The results of our studies clearly illustrate the realities that must be faced, if the many problems
facing the farmer and the consumer are to resolved. Obviously much more needs to be done to maximize
the benefits of pesticide applications, as well as to protect the health of consumers.

Since our studies involved only OP pesticides, the other classes of pesticides, particularly the
carbamates, many of which are even more toxic to humans than the OP (Table 1), require similar
attention. Efficacy trials are urgently required, to optimize the effectiveness of pesticide applications,
using multidisciplinary teams of pesticide application and residue scientists, entomologists, plant
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geneticists and statisticians. Such trials can allow pre-harvest intervals following final pesticide
applications, appropriate to local growing conditions, to be developed with the required degree of
confidence. The identification of less persistent but effective pesticides closer to harvest can also result
from such studies, for the benefit of both farmer and the consumer.

Since effective implementation of HACCP systems is likely to become a requirement for the
continued export of fresh produce to other countries, regular monitoring of pesticide residues should be
carried out, as evidence of such implementation. To this end, revised legislation to control the quality of
local foods with respect to pesticide residues has already been implemented (9) and should be used to
good effect.
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Table 1. Farmers’ Survey on Use of Pesticides in Trinidad.

Frequency of Use

Chemical name (%) Type / 1.ID 50(mg/kg) Function
Profenofos 15.68 Organophosphate / 358 insecticide o
Cypermethrin 15.52 Pyrcthroid / >4920 Insecticide
Copper salts 11.11 Copper / > 2000 Fungicide
Mancozeb 9.64 Dithiocarbamate / >5000 Fungicide
Chlorothalonil 6.05 Chlorothalonitril />10000  [Fungicide N
Methamidophos 5.72 Organophosphate / 20 Insecticide
Oxamy! 5.07 _ Carbamate / 5.4 Insecticide/Acaricide
Cartap 4.74 Thiocarbamate / 335 Insecticide
Bacillus thuringiensis 4.58 ~ Biological / ND Insecticide
Phenthoate 2.61 Organophosphate / 410 Insecticide/Acaricide

riazophos 2.45 Organophosphate / 58 [nsecticide -
Benomyl 1.96 Carbamate / >5000 Fungicide
Methomyl 1.8 Carbamate / 20 Insecticide/Acaricide
Teflubenzuron 7 1.63 Substituted urea / >5000 Insect growth regulator
Pirimiphos methyl 1.63 Organophosphate / 2050 Insecticide/Acaricide
Fenbutatin oxide 1.47 Organotin / 2631 Acaricide

ormetanate 1.31 Carbamate / 20 [nsecticide/Acaricide
Fenvalerate 1.31 Pyrethroid / 451 Insecticide/Acaricide
Ethion 1.14 Organophosphate / 208 Insecticide/Acaricide
Dicofol 1.14 Chlorinated alcohol / 578 IAcaricide
Malathion 0.98 Organophosphate / 2000 Insecticide
Dimethoate 0.82 Organophosphate / 387 [nsecticide
Diazinon 0.82 Organophosphate / 1250 Insecticide
Carbosulfan 0.82 Carbamate / 250 [nsecticide

Table 2. Use of Organophosphate Pesticides on Selected Produce in Trinidad.

Crop No. of different formulations used| No. of active ingredients in formulations
Tomato 34 27
Cabbage 27 16
Eggplant 22 20
Cauliflower 16 13
Sweet pepper 23 19
Okra 16 16
Cucumber 13 14
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Table 3. The time taken for each pesticide to decay to below the MRL calculated for both wet and dry
seasons.

No. No. Exceeding Organophosphates, Organophosphates
positive MRL Exceeding MRL Not Exceeding MRL
1 0 none Ethion, dimethoate -
I 0 none Ethion, pirimiphos
15 13 Diazinon, profenofos, pirimiphos, Malathion, pirimiphos,
methamidophos, triazophos diazinon, methamidophos
4 1 Triazophos, methamidophos Profenofos, pirimiphos
6 0 none Methamidophos
2 Triazophos, ethion Profenofos, triazophos,
ethion, dimethoate
1 0 none Diazinon
6 3 Methamidophos Diazinon, methamidophos
0 0 none none
1 0 none Diazinon
0 0 none none
3 1 Methamidophos Diazinon
0 0 none none
0 0 none none
0 0 none none
1 0 none Fthion
0 0 ~ none none
44 20

Table 3. Calculated Pre-Harvest Intervals from Field Trials Compared to Manufacturers’ Recommended

Values.

Pesticide Season Calculated PHI (days) Manufacturers’ PHI (days)

Pirimiphos Dry <1 3-7
Wet 2

Phenthoate Dry 3 14-21
Wet 2

Profenofos Dry >7 15
Wet 6 -

Triazophos Dry 28 21
Wet >21

Methamidophos Dry >14 14-21
Wet 6
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OCCURRENCE OF RADOPHOLUS SIMILIS AND OTHER PLANT-PARASITIC NEMATODES
IN ANTHURIUM SHADE-HOUSES IN TRINIDAD
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Resources, Centeno. P.O. Arima, Trinidad and Tobago
Professor Frank Gumbs, The University of the West Indies, St. Augustine Trinidad and Tobago

ABSTRACT: A systematic zig-zag design was implemented at three anthurium shade-houses during
1992 — 1993 for monthly sampling of plant — parasitic nematodes. Radopholus similis was shown to be
the predominant nematode associated with the crop. Paratylenclus minutus was the only other potential
plant — parasitic nematode identified. Population densities of R. similis exhibited annual fluctuations with
maximum levels observed between August and September at the three locations. The population densities
of nematodes varied widely with locations but the composition of females, males, and juveniles within the
populations was similar. Various fungi were isolated from root lesions. Stunting, chlorosis, and root
rotting were commonly associated with nematode infested plants.

INTRODUCTION

Anthuriums are popular for their leaves and flowers and are grown commercially for the North
American and European markets. The crop can succumb to range of fungal and bacterial diseases (Dilbar,
1992). Surveys conducted for nematodes in Trinidad (Bala and Hosein, 1990b and 1996), Hawaii (Goo ez al.,
1994), Madeira (Faria, 1992) and Jamaica (Hutton et al., 1982) indicated that anthurium cultivars were hosts
to a number of plant-parasitic nematodes including the burrowing nematode, Radopholus similis which
appeared to be the one most deleterious to the crop. Radopholus similis is generally associated with the
disease known as anthurium decline and the nematode may also interact synergistically with soilborne fungi.
The association of R. similis and Pythium sp. has been reported in anthurium decline in Jamaica (Hutton,
1987) and Hawaii (Aragaki er al., 1984). Anthurium decline is generally associated with leaf senescence,
stunting, reduced yield, root rotting, sparse sucker production, decline and death of plants. Losses of up to 60
percent reduction in yield and poor quality blooms have been reported for Jamaica and Hawaii (Hutton, 1987
and Aragaki et al., 1984)

In Trinidad, commercially produced anthuriums are generally grown in raised beds using crushed or
chopped coconut husk. The growing beds are generally supplemented with "fibre bast" which is a by-product
obtained from the crushed coconut husk when the fibre is removed. It is made-up mainly of coir dust and
residual fibre. The management practices in the shade-houses include the use of very toxic pesticides. In most
situations the application of nematicides is based primarily on the appearance of foliar symptoms but this may
not necessarily be associated with nematodes as the presence of other soilborne organisms {Bala and Hosein,
1990a) can confound the problem of anthurium decline.

The study was initiated because of the problems anthurium decline and reduction in yield that were
common in shade-houses. The use of proper diagnostic procedures and the monitoring of nematode
populations were also needed to improve management strategies. The aim of the study is to identify and
determine the population densities of plant-parasitic nematodes associated with the crop over time and to
further investigate management strategies that may reduce the dependency on nematicides. The first of these
two objectives is reported in this paper.
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MATERIALS AND METHODS
Selection and location of sampling sites

Three farms were sampled to determine the distribution and density of plant- parasitic nematodes
affecting local anthurium production between 1992 and 1993. These farms were selected based on the
differences in the locality. In addition, these shade-houses had been established for at least three years using
imported planting material. One farm was located in south Trinidad in the undulating hills at Oropouche,
about 6 km south-west of San Fernando. The second was situated in noth Trinidad on top of the mountains of
Maracas in the northem range, about 5 km northeast of The University of the West Indies. The climatic
conditions at this location were much cooler with heavier rainfall than the other two locations. Also its
location on the Jeeward side of the mountains provided good drainage and humid condition for the growth of
the crop. The third farm at Arima, in northeast Trinidad, was located about 5 km miles south of the northern
range and about 2 km east of the Piarco International Airport

The description of the three shade-houses and the agronomic and practices at each of the sites were
recorded. The anthuriums cultivars Fla Success, Tropical, and Lydia grown at Oropouche, Maracas, and
Arima, respectively, were obtained from the Netherlands as tissue-cultured plants. At the three locations,
plant beds were usually topped-up with coconut husk to keep the plant upright. In July 1993 plants at
Oropouche and Maracas were partially "lifted" and then tilted to about 45 degree. The tilting of plants was
adopted to reduce plant height and it was claimed by the growers that it stimulated side shoots and
encouraged root growth.

Design for taking samples of nematodes in anthurium shade-houses

Sampling of nematodes in growing medium and roots on beds was done monthly for one year along
plant rows according to a systematic zigzag design.

Five beds each consisting of four rows of 60, 160 and 180 plants were selected for sampling at
Oropouche, Maracas, and Arima respectively. Plots were divided into two sections running parallel to each
other, so that each section had two rows of plants. Each section was further sub-divided into 0.65 x 0.65m
micro-plots (0.42m quadrants) consisting of four plants each to facilitate the systematic zig-zag sampling
design. The sub-samples, which consisted of roots and growing medium from single plants, were taken from
every other plant in a systematic zig-zag pattern along rows. When one plant was sampled it was not sampled
again until all other plants in that micro-plot was sampled. The shade-houses at the three locations were
sampled identically.

In a sampling plot, monthly sub-samples were not taken from both sections simultaneously. Instead
samples were taken from each section alternately on a monthly basis. The length of the sampling plots for the
three locations varied. Therefore, each sampling section of a plot at Oropouche, Maracas, and Arima
consisted of 6, 16, and 18 micro-plots respectively.

Composite samples consisting of 6, 16 and 18 monthly sub-samples were collected from Oropouche,
Maracas, and Arima respectively. Samples were taken 5-12 cm from the stem and 10-20 cm deep in the root
rhizosphere. For each sub-sample, approximately 100 cm’ of growing medium with roots were collected and
bulked. The samples of roots and growing medium were packaged separately in plastic bags. These were
transported in styrofoam containers to the laboratory and nematode extraction was conducted within 24 hours
(Hooper, 1986 ab). The sampling method described helped to limit the movement between plants and
minimised the spread of bacterial diseases, chemical exposure, and plant damage in the shade-houses.

Distribution of R. similis and other nematodes in anthurium shade-houses
Data analyses for the spatial distribution of nematodes in anthurium were compared at the three

shade-houses. The population of nematodes was In(x+1) transformed before analysis. Mean, standard
deviation, standard error of the means, and the coefficient of variation (CV) were calculated for each location.
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The percentages of females, males, and juveniles in the population were arc sine fransformed (Gomez and
Gomez, 1976).

Isolation of fungi from roots

Rootbome fungi associated with R. similis in anthurium roots were isolated on water agar and potato
dextrose agar according to Booth (1971). Identification of fungi was done to genus level with assistance of
personnel from the Plant Pathology Section, / “entral Experiment Station, Centeno.

RESULTS
Detection and density distribution of R. similis and other plant-parasitic nematodes

Radopholus similis was the major plant parasitic nematode found in the anthurium roots and growing
medium at Oropouche, Maracas, and Arima during 1992 to 1993 (Table 1). Paratylenchus minutus, detected
at Maracas was the only other plant-parasitic nematode identified during the study.

The maximum density of R. similis in the population range was generally similiar for the three
locations. The population means of root and medium at Arima were lower than the other two locations, but
the standard deviation and standard error of the mean showed similiar trend for all locations. However, there
was a common trend in the variation of the number of nematodes among the five monthly samples for the
three locations. The range for CV was also large among samples within the shade-houses for
R.similis. The overall CV for Oropouche, Maracas, and Arima were 0.71, 0.74, and 1.28 for roots and 0.65,
0.54, and 1.0 for growing media respectively.

Root and growing media populations of R. similis were significantly different (P = 0.01) among the
three shade-houses with the highest population levels at Oropouche followed by Maracas and Arima (Table
2). There were highly significant differences (P = 0.01) m the populations of R. similis females, males, and
Jjuveniles in roots and growing medium at the three locations.

Fluctuations of R. similis populations in roots and growing media

Low populations were observed at Oropouche in December and during March to June, while the
highest levels were observed in August to November and January to February. At Oropouche the lowest and
highest mean populations recorded for 10g roots were 178 in July and 1417 nematodes in September
respectively. The populations in the growing medium varied from 23 to 249/100 cm’ in April and February
respectively.

At Maracas, there were little differences in the population levels during the period September to
May. The lowest populations occurred in May and the highest was in August. At Maracas, lowest and
highest root population levels were 41 and 344 nematodes/10g in March and June respectively. The mean
populations for growing medium varied from 20 to 76/100 cm’ for May and October respectively.

Three distinct peaks were observed at Arima in September, February and July. Means of root
populations for the lowest and highest at Arima were 1 and 105 nematodes per 10g roots for June and
September respectively. Growing medium mean population varied from 0 to 39 in September and February
respectively.

Paratylenchus minutus was found only at Maracas and showed similar population fluctuations as R.
similis. Two distinct peaks were observed, one in September to November and the other from April to June.
A lower peal was observed in January to February (Figure 1).
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Distribution of R. similis in roots and growing media at three locations

The mean percentages of females, males, and juveniles of R. similis in roots and growing media were
compared at the three locations. The percentages of females and juveniles of R. similis in roots were
significantly (P—0.05) higher than males in root at the three locations. However, there were no significant
differences (P > 0.05) between the percentages of females and juveniles in roots at the three locations. Also
there were no significant differences (P > 0.05) between percentages of males m roots at Oropouche and
Maracas, but these were significantly (P = 0.01) higher than at Arima.

The percentages of females in the growing medium were significantly (P = 0.01) higher than the
juveniles and males at the three locations. The percentage of juveniles in growing medium at Arima was
significantly lower (P = 0.001) than for Oropouche and Maracas. There was no significant difference (P >
0.05) between juveniles and males in the growing medium at the three locations.

Fungi associated with R. similis infested roots

Fusarium sp., Rhizoctonia sp., Pythium sp., Phytophthora sp. and Penicillium sp. were isolated from
roots lesions but Fusarium and Penicillium spp. were common at all locations. Rhizoctonia sp. was the main
fungal species inhabiting anthurium roots at Arima. In addition, there was more severe root rotting of
declining plants at Oropouche and Maracas compared to Arima. This observation was not investigated.

DISCUSSION

Radopholus similis was the predominant nematode associated with anthurium at the three locations.
At Maracas the application of a foliar fertilizer and the use of nematicides may have contributed to the
longevity of the plants. The application of aldicarb every six months may have held R. similis in check thus
maintaining population levels lower than 200 nematodes /10g roots compared to the higher populations
observed at Oropouche. The management strategy adopted at Oropouche was possibly not as effective
compared to the two other locations and may have contributed to the higher population levels at this location.
The lower means obscrved at Arima were possibly due to the use of more potent nematicides such as aldicarb
and phenamiphos. The use of phenamiphos in Jamaica (Hutton, 1987) and aldicarb and phenamiphos in
Hawaii (Aragaki ef al., 1984) were also effective in reducing population levels of R. similis on anthurium.

Paratylenchus minutus occurred only at Maracas and was not as commonly distributed as the

burrowing nematode on the crop. It appeared that the low numbers of this nematode observed in July and
March were related to nematicide treatments.
The coefficient of variation (CV) appeared to show a similar trend for the three locations. The higher values
at Arima were due to the low means and do not indicate greater variability in population means compared to
the other two locations. However, the population cycle is responsible for the lower CV that occurred
periodically at the three locations. The use of nematicides along with the other management practices in the
shade-houses may have also affected the spatiat distribution of the nematodes.

Despite the extreme differences in R. similis population densities, a defined pattern of fluctuation was
discernible for all three locations. The cultivation of anthurium as a monocrop, nature of growing medium,
the differences in site management with respect to the frequency in use and types of nematicides, location of
site, age of plants and cultivars are factors that may have affected the population densities and fluctuation at
the three locations. Goo ef al. (1994) reported R. similis populations in anthurium cultivars varied from 3.4 to
110.8 nematodes/g roots in Hawaii. Bala and Hosein (1996) found that R. similis populations could exceed
1,000 /10g fresh root, and varied with site and cultivars. In perennial crops, variation in population peaks for
R. similis was observed during the year and over years for different countries (Mohandas and Ramana, 1988;
Koshy and Sosamma, 1978; Ducharme and Suit, 1967).

The comparable proportion of R. similis females, males and juveniles for the three locations may
indicate that the population density did not influence the composition of the nematode in anthurium. There
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were always more females in anthurium roots and growing medium and this was also observed in bananas
{(Mateille, 1992).

Radopholus similis damage to the root system could have induced secondary attacks by parasitic and
saprophytic fungi. This may contribute to root rotting and lower population levels of the nematode. The
assoclation of R. similis with Pythium splendens has been reported as part of a disease complex contributing
to anthurium decline (Hutton, 1987). The association of R. similis / fungi disease complex i a range of other
agricultural crops has been reviewed by Koshy, 1986. Nematodes are of tremendous importance as
components of disease complexes with other pathogen. Their importance cannot be overlooked, as some of
the damage normally ascribed to nematodes alone can be part of a complex to which nematodes contribute.
Further investigation is required in this area.

The ecological environment created by the drier conditions as a result of the bed being constructed
with a convex base and lined with polyethlylene at Arima may have favoured the more frequent occurrence
of Rhizoctonia spp., compared to the other shade-houses. Fusarium spp were also the most common fungi
isolated from roots at all sites, Bateman (1961) reported that Rhizoctonia stem and root rot were favoured by
relatively high temperature and dry soil conditions compared to lower temperature and wet soil conditions for
Pythium sp. In the shade-houses R. similis always appeared to be the major pathogen associated with
anthurium root rot even though fungal organisms may be present.

With respect to control methods certification of disease free material must be emphasised as part of
an integrated control strategy for R. similis in anthurium. The need for more frequent sampling or monitoring
will assist in identifying the critical times before nematode populations can buildup to damaging levels. There
will always be the dependency on the use of synthetics for high cash crop such as anthurium. However, the
timely application of nematicides such as aldicarb and phenemiphos will decrease plant protection cost and
lower the volume of pesticides released into the environment. Alterative control strategies such as hot water
treatment and the use of organic amendment have proven to be effective managements methods. Their
integration with other management strategies should be investigated so as to complement the use of
pesticides.

Figure 1. The population fluctuation of Paratylenchus minutes in anthurium roots at Maracas. Plants were
treated with aldicarb at 10g/m” every six months.
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Table 1. Statistical parameters on the distribution of Radopholus similis populations [In(x+1)], occurring in
anthurium roots and growing media at Oropouche, Maracas, and Arima in Trinidad.

Location (Oropouche)

. ~ Roots (10 g) ~ Growing medium (100 cm3)
‘Time of sampling Mean SEM Stdev  Range ("% Mean SEM  Stdev  Range CV
) Min.-Max. Min.-Max.
July 475 0.26 0.73 4.03-5.50 016 442 0.09 0.20 4.19-4.65 0.05
August 6.56 0.44 0.98 4.95-7.95 0.15 391 039 0.87 2.57-4.62 0.22
September 6.86  0.55 1.24 4.77-7.89 018 489 0.18 0.39 4.29-5.25 0.08
October 626 041 0.92 5.07-7.35 0.15 534 022 049 5.02-6.03 0.09
November 6.71 0.21 0.48 6.20-7.23 0.07 509 040 0.89 4.03-6.10 0.17
December 498  0.05 1.12 3.43-5.86 022 410 033 073 3.93-5.71 0.18
January 642 049 1.08 4.51-7.03 0.17 .79 0.04 0.08 4.26-5.49 0.04
February 6.58  6.55 0.23 5.94-7.22 003 544 019 043 4.97-6.10 0.08
March 4.10 1.1l 2.45 0-6.02 060 472 0.12 026 4.51-5.14 0.06
Abril 554 034 0.77 4.93-6.65 0.14 344 035 079 0-4.04 0.23
May 548  0.16 0.36 4.86-5.72 0.07 344 035 079 2.40-4.51 0.23
June 519 045 1.01 3.66-6.52 0.19 262 0.85 1.89 0-4.71 0.72
Mean 6.10 0.23 0.79 4.89-7.26 0.3 459 023 078 3.18-5.52 0.17
Location (Maracas)

Roots (10 g) Growing medium (100 cm3)

Time of sampling Mean SEM Stdev  Range cv Mean SEM  Stdev  Range Ccv
Min.-Max. Min.-Max.
July 338 053 1.18 2.08-4.72 035 251 069 155 0-3.99 0.62
August 4.28 1.04 2.31 1.10-7.22 0.53 .72 072 1.62 0.-3.33 0.94
September 3.80 0.69 1.54 2.20-6.03 041 320 023 051 2.56-3.95 0.16
October 3.65 043 0.97 2.64-5.20 027 416 037 0.82 3.22-4.99 0.19
November 4.67  0.57 1.26 2.77-5.99 027 3.19 043 097 2.30-4.66 0.30
December 405 050 1.11 2.77-5.40 030 271 068 1.53 0-3.58 0.56
January 3.13 1.07 2.40 0-5.20 052 389 045 034 3.50-4.23 0.09
February 3.54 1.06 2.37 0.5.55 065 399 052 1.17 1.95-4.84 0.29
March 3.51 0.22 0.48 2.94-3.97 0.10 286 077 1.82 0-4.89 0.64
Abril 4.66 0.29 0.64 3.71-5.52 018 365 030 0.68 2.94-4.44 0.19
May 351 0.54 1.22 1.61-4.75 026 233 069 1.55 0-3.78 0.67
June 519 024 0.54 4.43-5.77 0.15 393 017 037 3.61-4.51 0.09
Mean 458 0.8 0.64 3.74-5.84 014 356 056 0.56 2.49-434  0.l6
Location (Arima))

Roots(10 g) Growing medium (100 cm3)

Time of sampling Mean SEM Stdev  Range Ccv Mean SEM  Stdev  Range Ccv
Min.-Max. Min.-Max.

July 2.15 1.33 298 0-6.03 139 0 0 0 0-0 0
August 1.14 074 1.66 0-3.64 1.49 1.19 073 1.63 0-2.99 1.37
September 115 0.70 1.58 0-3.05 1.37 141 088 197 0-4.03 1.60
October 123 0.70 1.78 0-3.61 145 051 0.51 1.15 0-2.57 2.24
November 028 0.79 0.62 0-1.39 221 1.40 086  1.93 0-3.85 1.50
December 232 028 2.42 0-5.6] 1.04 0 0 0 0-0 0
January 1.65 1.08 2.28 0-4.24 137 145 070  1.56 0-3.22 1.29
February 2.10 1.02 2.26 0-4.62 1.08  1.13 072 1.60 0-3.37 1.64
March 1.13 076 1.70 0-3.85 150 0 0 0 0-0 0
Abril 023  0.28 0.62 0-1.38 2.21 149  0.66 1.47 0-0 1.24
May 3.21 0.37 0.83 2.2-3.87 026 220 090 2.00 0-3.95 0.97
June 032 032 0.72 0-1.61 225 089 250 1.25 0-2.64 1.58
Mean 249 041 1.43 0.47-4.67 0.57 208 0.29 1.00 0-3.68 0.48

SEM = standard error of means; CV= coeffictent of variation (Cv=s/x), Means (x) are based on 5 monthly
samples; S= standard deviation; N = 12 monthly means: each monthly means comprised of five samples.
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Table 2. Population densities [ln(x+1)] of Radopholus similis females, males, and juveniles in anthurium
_shade-houses at three locations in Trinidad.

(A) Roots (10g)

_Locations Females Mean Males Mean Juveniles Mean Total Population
Oropouche 7.86 (2592) 6.61 (742) 7.75 (2322) 8.65 (5710)
Maracas 6.07 (433) 4.77 (118) 5.90 (365) 6.82 (916)
Arima : 3.99 (54) 2.59 (13) 3.57 (36) 4.51 (90)

SEM 0.63** 0.53%* 0.57** 0.69**
(B) Growing media (100 cm3)
Locations Females Mean Males Mean Juveniles Mean Total Population
Oropouche
Maracas
Arima
SEM

Nematode populations of (A) Roots and (B) growing media In(x+1) transformed; Figures in paranthesis
were backtransformed In(x+1) nematode populations; ** is significant at (P=0.01); SEM is standard error
of mean.
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EFFET DE L’ELIMINATION DU VIRUS DE LA MOSAIQUE CHEZ DIOSCOREA TRIFIDA CV
INRA 5-20 SUR LA PRODUCTION DE TUBERCULES AU CHAMP.

Claunde Zinsou, Université des Antilles et de la Guyane, Département de Biologie, Campus de Fouillole,
BP 592, 97157 Pointe-a-Pitre Cedex, Guadeloupe F.W.1: Pascale Bade et Victor Vaillant, Centre INRA
des Antilles et de la Guyane, URPV - Laboratoire de Physiologie et Biochimie végétales, Domaine
Duclos, 97170 Petit-Bourg, Guadeloupe F.W.1.

RESUME: L’espece D. trifida est entiérement virosée et sa culture est menacée de disparition dans la
zone caraibe. Les travaux de 1’équipe de Degras (Saleil et al.1990) au Centre INRA des Antilles et de la
Guyane, ont permis d’obtenir & partir du cultivar INRA 5-20, un clone CT 10 indemne du virus de la
mosaique (YMV). Ce papier donne les premiers résultats d’évaluation des potentialités de production de
ce clone en vue de redynamiser la culture de I’espéce. Des vitroplants plantés en 1999 ont produit des
semences dites de premiére génération. En 2000, des cultures comparées issues de ces semences et de
vitroplants ont donné un rendement moyen de plus de 2 kg par plante, équivalent a plus de 40 t pour 20
000 pieds a I'hectare. De plus, le nombre de tubercules utilisables comme semences (25-100 g) représente
2.5 a 10 fois la quantité nécessaire a la replantation. Des essais d’évaluation des rendements obtenus dans
les conditions de 1’agriculteur sont en cours.

ABSTRACT: Most of D. trifida cultivars (cush cush yam) available are infected by viruses mainly yam
mosaic virus (YMV). The species is threatened with disappearance in the Caribbean zone. In 1990,
Degras and his team (Saleil et al.,1990), at the Centre INRA des Antilles et de la Guyane, have succeeded
to obtain a clone CT 10 free from YMV from the cultivar INRA 5-20. This paper reports the preliminary
results of the evaluation of potential production of that clone. The goal is to encourage the re-introduction
of cush cush yam in the farms. In 1999, the planted vitroplants produced seed yam (called first
generation). In 2000, tuber harvest from crop obtained from seed yam and vitroplants gave an average
yield of more than 2 kg per plant, equivalent to more than 40 metric tons for 20 000 plants per hectare.
Moreover, the number of seed yam (25-100g) represents 2.5 to 10 times the amount needed for the next
planting. Tuber yield assessment in farming conditions is under way since the beginning of this year.

INTRODUCTION

Les tubercules de I’igname américaine Dioscorea trifida (Igname cousse couche) sont trés
appreciés dans les caraibes pour leurs qualités organoleptiques et nutritionnelles. Leur valeur alimentaire
est un peu supérieure a celle de la pomme de terre dont ils émulent tous les modes de préparation (Degras
etal., 1977).

Parmi les Dioscoreae cultivées D. trifida fleurit et produit des graines, ce qui a conduit a un
programme de sélection et d’amélioration génétique a I'INRA pendant de longues années. Le premier
cycle a conduit & plusieurs hybrides. Le plus performant, dénommé INRA 5-20, a donné en station
expérimentale 39 t/ha et dans un réseau d’essais en Guadeloupe et en Martinique prés de 19 t/ha,
supéricurs de 30 a 50 % aux rendements des cultivars traditionnels (Arnolin, 1973; Degras, 1986). Un
deuxieme cycle d’hybridation et de sélection a conduit a la variété INRA 5-20, donnant des tubercules de
meilleure qualité. Degras et al. (1993) rapportent que la varieté INRA 5-20 promettait des rendements
pouvant atteindre 55t/ha.

Malheureusement D. trifida est trés sensible aux viroses et en quelques années tous les efforts de
la recherche ont été anéantis par une attaque massive du virus de la Mosaique de I’igname (YMV) avec
une réduction drastique des rendcments. Les tubercules-semences. indemnes du virus, sont devenus rares
et une desaffection progressive pour la culture de cette espece s’est installée. Des tentatives de guérison
entreprises depuis quelques années sur la variété INRA 5-20, ont conduit a un clone CT10, grace a la
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combinaison de la culture in vitro et de la thermothérapie, et M7.2 par culture de méristeéme, tous deux
issus du cultivar INRA 5-20 (Balagne, 1985; Saleil et al. 1990). L’observation du comportement de ces
deux clones in vitro et au champ a montré que seul CT10, aprés contrfle sérologique, est indemne de
potyvirus (YMV, YMMV,.)).

Ce travaill montre qu’il est désormais possible de produire du matériel de plantation sain
(vitroplants et/ou tubercules-semences indemnes de YMV) a partir de CT 10, ouvrant ainsi la voie au
redémarrage de la culture de I’igname cousse-couche qui redevient une spéculation rentable pour
I’agriculteur. Nous rapportons les premiers résultats d’évaluation comparative de cultures issues de
vitroplants et de tubercules-semences (premiére génération) comme matériels de plantation.

MATERIEL ET METHODES

Les vitroplants utilisés dans cette expérimentation proviennent d’une tissuthéque de plants de D.
trifida cv INRA 5-20 clone CTI10, indemnes de potyvirus et en particulier du virus de la mosaique
d’igname (Yam Mosaic virus). La multiplication est obtenue en salle de culture sur milieu de Murashige
et Skoog additionné des vitamines Morel et Martin. Au bout de 45 a 60 jours, les plants sont repiqués sur
des pastilles de tourbe (jiffy pots) et sont transférés en salle d’acclimatation ou ils passent encore 3
semaines. La derniere €tape consiste a les adapter progressivement aux conditions extérieures avant leur
plantation au champ.

Les tubercules-semences (dits de premiére génération) sont obtenus & partir de culture de
vitroplants plantés I’année précédente. Iis ont été testés a 1’aide d’un sérum monoclonal anti-potyvirus
(AGDIA, Inc Elkhart, USA) et sont exempts de la mosaique de 1’igname.

Pour mettre la culture dans les meilleures conditions d’estimation des potentialités de chaque
matériel de plantation, les ignames ont été plantées sur un sol utilisé I’année précédente pour la culture
maraichére. Au moment de la préparation il a recu un amendement organique similaire a celui utilisé pour
les cultures maraichéres.

L’expérimentation vise a comparer trois cultures constituées chacunes de 50 plantes. Le matériel
de plantation est constitué de vitroplants et de tubercules-semences de deux classes de poids (25-35 g) et
(55-65 g). Les cultures sont menées en conditions irriguées et non irriguées. La plantation est effectu¢e
en avril 2000 sur des billons espacés de 1 metre. Chaque plant sur le billon est distant de 40 cm, ce qui
correspond a 25 000 pieds a I’hectare. Pour une meilleure utilisation de la lumiere, les plantes ont poussé
sur des tuteurs hauts de 1.50m. Pendant les 2 premiers mois toutes les plantes ont été irriguées. Seuls les
lots considérés comme irrigués ont continué a bénéficier d’un arrosage tous les deux jours par aspersion
correspondant & un apport d’eau journalier de 7 mm. Malheureusement le stress hydrique sur les lots dits
non irrigués n’a duré qu’un mois a cause de I’arrivée précoce des pluies avec une répartition uniforme sur
tout le cycle de la plante. L’effet du stress hydrique, bien que n’ayant duré qu’un temps court, semble
avoir suffi pour moduler les résultats que nous rapportons

Chaque plante recoit au pied, 3 mois apres plantation, 40 g d’un engrais compiet. A la fin du
cycle les mesures ont été faites sur I’ensemble des plantes correspondant & un traitement.

RESULTATS ET DISCUSSION

Malgré les réserves faites sur I’effet de 1’eau sur les traitements nous continuerons a parler de
plante irriguée et non irriguée pour la clarté de 1’exposé.

Initialement dans ’esprit des chercheurs, |’utilisation des vitroplants comme matériels de
plantation serait destinée a fournir des tubercules-semences (1° génération). Une technologie de
production en masse de vitroplants indemnes de virose, livrables pour plantation directe au champ a été
mise au point. Elle est semblable a la technologie de production de tubercules-semences a partir des
minisetts, en usage au Nigeria (Orkwoor, 1997). C’est ce que nous avons fait en 1999 pour obtenir des
tubercules-semences de premiére génération a partir de vitroplants apres assainissement des plants. Nous
avons eu la surprise de constater que les vitroplants (sur une cuiture de 100 plantes entiérement récoltées
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et analysées) avaient un rendement moyen de plus de 2 kg de tubercules par plante, répartis en tubercules
commercialisables (poids >100 g) et en tubercules-semences. Une analyse plus complete a donc porté sur
les cultures de I’année suivante que nous rapportons dans ce travail.

Production de tubercules

Que ce soit avec les vitroplants ou avec les tubercules-semences de classe 25-35 g ou 55-65 g, le
nombre de tubercules par plante est stable quel que soit le traitement. 11 se situe entre 19 et 25. Sur la base
des intervalles de confiance avec ©-0.01, les nombres de tubercules rencontrés dans les différents
traitements ne sont pas significativement différents. Cependant une tendance a 1’augmentation du nombre
de tubercules est observée en condition non irriguée.

Le rendement moyen de tubercules par plante irriguée et non irriguée est respectivement (2.2 £
0.4) kg et (2.4 £ 0.4) kg pour les vitroplants; (2.5 = 0.5) kg et (3.7 £ 0.7) kg pour les semences de 25-35 g;
(2.6 £ 0.7) kg et 34 £ 09) kg pour les semences de 55-65 g. Les rendements ne sont pas
significativement différents en conditions irriguées, quel que soit le matériel utilis¢ (vitroplants ou
tubercules). Le traitement « non irrigué » provoque une augmentation significative des rendements avec
les tubercules-semences. puisqu’ils dépassent 3 kg. L’utilisation de tubercules de 55-65g au lieu de 25-
35g ne se justifie pas car le rendement n’est pas amélioré.

Les poids moyens des tubercules ont été¢ déterminés sur la totalit¢ des tubercules produits par la
culture puis sur la classe de tubercules commercialisables. En condition irriguée ou non urriguée le poids
moyen de tubercules est de I’ordre de 100 g (Tableau) pour les vitroplants, et respectivement 116 g et 149
g pour les semences 25-35g, 137 g et 169 g pour les semences de 55-65 g. L’augmentation du rendement
en condition non irriguée se traduit aussi par un poids moyen de tubercules plus ¢élevé.

En ce qui concerne les tubercules commercialisables (poids>100 g), le poids moyen de tubercules
est de ’ordre de 200 g pour les vitroplants, 230 g pour les semences de 25-35 g et supérieur a 245 g pour
les semences de 55-65 g. La proportion de tubercules commercialisables représente 73.6% a 78.8% de la
récolte totale pour les vitroplants alors qu’elle se situe entre 80% et 89% pour les tubercules-semences
tout poids confondu.

Production de semences

L’une des particularités intéressantes de D. trifida est son aptitude a produire a la fois des
tubercules commercialisables et des tubercules-semences (poids compris entre 25 et 100g) grace a la
multi-tubérisation. Si le coefficient de multiplication définit le nombre de semences de poids 25-100 g
produites par plante, nous obtenons respectivement 2.1 et 9.6 pour les vitroplants irrigués et non irrigués.
Il est respectivement, en condition irriguée et non irriguée, de 7.5 et 8.3 pour les tubercules-semences de
25-35 g, 6.6 et 5.6 pour les tubercules semences de 55-65g. Lorsqu’on part de plants sains, la culture
génere des semences pour Ja plantation suivante et pour une éventuelle commercialisation des semences
non utilisées, susceptible de produire un revenu non négligeable a 1’agriculteur.

Le rendement en tubercules par plante obtenu a partir de vitroplants est trés supérieur a celui qui
était attendu et confirme nos résultats antérieurs. Sachant que les vitroplants, lors de la plantation, ne
disposent d’aucune réserve glucidique, les résultats nous conduisent a relativiser 1’importance de I’effet
du tubercule-mére sur le rendement final lorsque (1) I’eau n’est pas facteur limitant, (2) qu’une
fertilisation appropriée est assurée aux plantes et enfin (3) que le cycle est suffisamment long chez D.
trifida pour un développement optimal de son appareil végétatif. L’irrigation tout au long du cycle ne
semble pas étre nécessaire puisqu’un stress hydrique, bien positionné au cours du cycle peut avoir un effet
bénéfique sur le rendement. Ceci ouvre la voie a I’étude des phases critiques du cycle pour une
optimisation de 1’apport de I’eau.
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En ce qui concerne les tubercules-semences, 1’utilisation des poids 55-65 g au lieu de 25-35 g
n’améliore pas de maniere significative le rendement en tubercules commercialisables et en semences. En
plus des semences de poids 25-100g, chaque plante produit un grand nombre de tubercules de poids
compris entre 10-25g, qui peuvent étre utilisés pour produire, aprés germination, des plants. A cause de
leur fragilité, ils poscront les mémes exigences que les vitroplants dont la prisc en charge pourra étre
assurée par une filiére de production de plants.

Les résultats rapportés sont des moyennes sur des cultures comportant au minimum 50 plantes.
Un pied de vitroplant dans la culture a donné jusqu’a 63 tubercules totalisant un poids de 6.30 kg. Un pied
issu d’un tubercule-semence a produit 47 tubercules totalisant 6.7 kg. Nous en déduisons que les
performances potentielles de production de tubercules a partir de vitroplants ne sont pas trés éloignées de
celles des tubercules-semences. Les recherches sur les facteurs de I’élaboration du rendement sur cette
varieté INRA 5-20, indemne de virose vont se poursuivre. Sur le plan pratique des essais multi-locaux
sont en cours depuis cette année, chez les agriculteurs pour déterminer les rendements en conditions
réelles, et suivre la vitesse de recontamination virale au champ. L’objectif affiché est la re-introduction de
cette igname dans les exploitations pour y trouver la place qu’elle devrait avoir.

Remerciements : Les auteurs expriment leur sincére gratitude a Monsieur Camille Constant dont
le dévouement, la disponibilité et la compétence ont permis la réalisation de ce travail. Nous le
remercions pour la préparation des plants en culture in vitro et les soins attentifs apportés aux plantes
depuis leur acclimatation au champ jusqu’a la collecte des données. Nous remercions également Monsieur
Alfred Venthou-Dumaine pour I’aide apportée au moment de la récolte et de la collecte des données

REFERENCES

Arnolin, R. 1971. Remarques générales sur la diffusion de deux nouvelles variétés de Cousse-couche
D.trifida en Guadeloupe et en Martinique. Journées d’information techniques sur les plantes
vivrieres Martinique-Guadeloupe pp 111-112.

Balagne, M. 1985. Le microbouturage in vitro de I’igname cousse-couche, Dioscorea trifida, en vue de
son application pour la guérison de variétés atteintes de viroses. Thése de 3° cycle en Sciences
agronomiques, option biologie appliquée a ’agriculture, Université des Sciences et techniques du
Languedoc, Montpellier, France , 144 p.

Degras, L. 1986. L’IGNAME - Plante a tubercule tropicale. Techniques Agricoles et Productions
tropicales. Ed. Maisonneuse & Larose, Paris, pp : 295-299.

Degras, L., Amolin R., Poitout A., Suard C; 1977 — Quelques aspects de la biologic des Ignames
Dioscorea spp) .— Les ignames et leur culture. Ann. Amelior. Plantes.

Degras, L., F. Pierre et R. Arnolin. 1993. Some breeding aspects of yam (Dioscorea spp). International
symposium on tropical tuber crop. CTRCI, Trivandrum, India.

Orkwor, G.C., 1997. Seed yam production technology. The yam minisett technique. In, L’igname, plante
séculaire et plante d’avenir. Acte du séminaire international 3-6 juin 1997, Montpellier, France, J.
Berthaud, N. Bricas et J.-L. Marchand.

Saleil, V., L. Degras et R Jonard. 1990. Obtention de plantes indemnes du virus de la mosaique de
I’igname (YMV) par culture in vitro des apex chez ’igname américaine, D. trifida. Agronomie,
10: 605-615.

79



Tableau : Production de tubercules de consommation et de tubercules-selmences a partir de D.trifida,
variété INRA 5-20, clone CT 10 assaini.

Matériels de plantation Vitroplants Semences 25-35g Semences 55-65g
. e, Non L S S o
Traitement Terigué irrigué Irrigué  [Non urmigué| Irrigué | Non irrigué
Nombre moyen de 21,4+£2,5| 244425 21,6429 245+3,3| 190+ 3,1 | 20,1 +2,6
tubercules/plante
Rendement moyen / plante (kg) | 22+04 | 24+04 | 25+0,5 | 3,7+0,7 | 2,6+0,7 | 34+0,9
Poids moyen de tubercules (g) 103 96 116 149 137 169
Poids moyen de tub. com.* (g) 209 197 230 234 250 281
Rendement tgtal T/ha (20000 44 47.4 50 73.5 51,5 67.9
pieds)
Rendement en tub. com.*, T/ ha
(20000 pieds) 34,7 34,9 40 63 43,1 60,3
% de la récolte totale 78,8 73,6 80,1 85,8 83,8 88,7
Nombre de semences 25-100g 2.1 9.6 7.5 8.3 6.6 5.6
/plante

*Tub. com. = tubercules commercialisable
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PRELIMINARY INVESTIGATIONS INTO THE TAXONOMY OF THE GALL MIDGES
(DIPTERA: CECIDOMYIIDAE) AFFECTING CAPSICUM SP IN JAMAICA

Juliet Goldsmith, Ministry of Agriculture, Bodles Research Station, Old Harbour, St. Catherine, Jamaica

ABSTRACT: Persistent interception of a Dipteran larva in shipments of hot pepper (Capsicum chinense)
from Jamaica to the United States of America (USA) in recent years, has led to the imposition of mandatory
fumigation of the commodity prior to export. The insect has been identified both as Contarinia lycopersici, a
tomato pest of quarantine importance to the USA and Prodiplosis longifilia a citrus pest restricted in that
country to Florida. The present study compares the pepper midges in Jamaica with C. lycopersici and P.
longifilia based on morphological characteristics and host infestation. Preliminary results derived from
comparative morphological examination of adult males, suggest that the pepper gall midges of Jamaica are
distinguishable from C. lycopersici and P. longifilia. There is an urgent need to identify and or describe the
species present in order to develop a management strategy for the pest.

INTRODUCTION

In February 1997, USDA-APHIS reported the interception of a Dipteran larva i shipments of hot
pepper from Jamaica to the United States of America (USA). The insect was declared of Quarantine
importance, as the USA has a zero tolerance for dipterans. Persistent interception of the pest led to a mandate,
effective October 1998, that all hot peppers for export from Jamaica to the USA be fumigated with Methyl
Bromide.

The insect has been variously identified as Contarinia spp, Contarinia lycopersici and Prodiplosis
longifilia. Tt was unclear to the Jamaican authorities whether one or both species were present. Thus the gall
midge problem in Jamaica became known as the gall midge complex (Prodiplosis longifilia and Contarinia
lycopersici).

The Contarinia and Prodiplosis genera both belong to the tribe Cecidomyiini, a diverse group made
up entirely of plant feeders (Gagne 1989). They are reportedly close relatives, being separable only by the
males. The male terminalia of Prodiplosis is distinguishable from Contarinia by the long aedeagus relative to
the length of the hypoproct and gonopods and the dorsoventral rather than mesolateral articulation of the
gonopods (Gagne 1986).

Approximately 300 species have been assigned to the Contarinia genus, while there are 10
described Prodiplosis species. Member species of both genera attack flowers and buds of a wide range of
hosts (Gagne 1994, 1986).

Contarinia bcopersici (Felt) has been reported from the West Indies (but not from Jamaica) from as
early as 1932, where it was found to attack tomatoes. No alternate host was found. The larvae infested and
caused injury to tomato flowers, which may wither and absciss or the ovary is damaged, resulting in
malformation of fruits (Callan 1941).

Prodiplosis longifilia (Gagne) is reported feeding on limes in Florida and from Columbia and Peru
where it attacks tomatoes, potatoes, alfalfa and other crops (Pena and Mead 1988). The larvae completely
destroy the ovaries of the flowers causing premature flower abscission.

In Jamaica, gall midge larvae are found feeding within the pedicel of mature hot pepper fruits as
well as in the flower buds of hot and bell peppers. A recent survey of infested farms across the island
revealed that 66% of farms had larvae in both fruit pedicel and flower buds, 28% had only the fruit
pedicel infested and 6% had larvae only in the flower buds (Goldsmith 2000,). Larval feeding within the
fruit pedicel results in a brown to black scar that is often secondarily invaded by fungi (e.g. Alternaria
sp.). The result is rotting of the fruit, which may fall from the plant or is otherwise unmarketable. Infested
flower buds whither and may fall from the tree.
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The present study compares the pepper midges in Jamaica with C. lvcopersici and P. longifilia
based on morphological characteristics and host infestation.

MATERIALS AND METHODS

Adult and larval mounts were prepared of gall midges found infesting hot pepper pedicel separate
from those found within pepper flower buds. To obtain adults, larvae were placed in petri dishes or glass
jars containing loose, damp soil. Emerged adults were collected from the top and sides of the container 10
to 12 days after incubation.

Some larvae and reared adults were killed and placed in 70% ethyl alcohol. Specimens were
mounted for microscopic study in Canada balsam, using the method outlined by Gagne (1989, 1994). All
specimens were examined using a phase-contrast, compound microscope. Drawings were made of
morphological characters including male genitalia, male and female antennae, ovipositor, legs and wings.

The lengths of the female first and second antennae flagellomeres of 20 pepper ‘bud’ midges and
20 pepper ‘stem’ midges were measured. The ratio of the length of the first to the length of the second
was calculated for both groups. Data were analyzed using the analysis of variance.

Attempts were made to identify the genera and the species using taxonomic keys developed by
Raymond Gagne (Gagne 1994).

Tomato and citrus flowers from plants inter-cropped with or planted close to infested pepper
fields were examined for gall midge infestation. Two pepper plots, each planted at Bodles Research
Station and next to pepper plots infested with pepper ‘bud’ midge, were monitored for gall midge
infestation. Each week, four flower buds were removed from each of ten plants and dissected using a
dissecting microscope. A third plot, planted in Spring Village, St. Catherine (5 km east of previous site),
where tomatoes were inter-cropped with “stem” midge infested hot peppers, was similarly monitored over
a two- month period (March to May 2000).

Two separate hot pepper plots planted at Bodles Research Station, March—-August 2000 and
October 2000 —June 2001, and infested with pepper ‘bud’ midge, were monitored for pepper ‘stem’
midge infestation. Three mature fruits were removed weekly from each of ten plants and dissected using a
dissecting microscope.

Tomato and citrus buds from plants isolated from infested fields were also examined.

RESULTS AND DISCUSSION

Gagne’s taxonomic keys classify the Jamaican gall midges as: Subfamily: Cecidomyiinae, Super
tribe: Cecidomyiidi, Tribe: Cecidomyiini, Genus: Prodiplosis and Contarinia.

The larval specimens examined were similar morphologically. They possessed a clove shaped
spatula, one pair enlarged and asetose terminal papillae and three pairs of terminal papillae with short
setae (Figure 1). The structure of the terminal papillae is characteristic of the Cecidomyiini tribe and is
similar for both the Contarinia and Prodiplosis genera. According to Gagne (1995) larvae of the two
genera are indistinguishable.

All adult specimens examined during the study exhibited the following combinations of generic
characters: palpus four segmented, antennae 2+12 segmented, male flagellomeres all bimodal and bifilar;
female flagellomeres elongate with relatively short necks; tarsal claws simple, curved beyond mid-length,
empodium as long as claws; ovipositor long and finely tapered; male terminalia with short simple tapered
aedeagus, bilobed hypoproct; short, simple gonocoxite and tapered gonostylus.

The species of gall midge found infesting pepper flower buds differ morphologically from those
found in the pepper pedicel with regards to the relative size of the female first and sccond antennal
flagellomere. Results revealed significant differences in the length of the first antennal flagellomere of the
pepper ‘stem’ midge when compared with those of the pepper “bud” midge. The first flagellomere of the
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'pedicel' midge averaged 17.0im in length and was 1.5 times that of the second, which averaged 11.1im.
The mean length of the female first flagellomere of the 'bud' midge was 12.0im in length, 1.3 times as
long as the second which measured 9.2im in length (Figure 2).

Differences in the lengths of the female first and second flagellomeres have been used by Gagne
to distinguish between two similar Contarinia species: Contarinia lycopersici and Contarinia
maculipennis. He reported that in C. maculipennis the female first flagellomere was 1.8 to 1.9 times that
of the second while in C. lycopersici the difference was 1.4.

The pepper ‘bud’ midge does not appear to infest the pepper pedicel. No midge was found
affecting pepper stems at Bodles Research Station after five and eight months of monitoring plots infested
with the ‘bud’ midge.

The Jamaican gall midges differ from Prodiplosis longifilia with regards to the male terminalia,
the male antennae and host preferences. The terminalia of male P. longifilia has a long aedeagus relative
to the hypoproct while in the Jamaican midges the aedeagus is approximately the same length as the
hypoproct (Figure 3). The long aedeagus is a character of the Prodiplosis genus and is used to separate it
from Contarinia (Gagne1986, 1989). In this regard the Jamaican gall midge is more like Contarinia.

The flagellomeres of the male Jamaican gall midges are bifilar while those of P. longifilia are
trifilar (Figure 4). Males in most of the Cecidomyiini genera, including the Contarinia genus, have two
circumfila (bifilar) instead of three (trifilar) (Gagne 1989,1994). The male flagellomeres of Prodiplosis
species, however, are variable and may have two or three circumfila (Gagne 1994).

Examination of citrus flower buds removed from orange trees intercropped with infested pepper
plants revealed no gall midge infestation.

Morphologically, the Jamaican gall midges are quite similar to C. lycopersici. Preliminary
investigations have revealed only one difference: the articulation of the male gonopods. All known
species of Contarinia, including C. Ilycopersici, have mesolateral articulation of the gonopods
(Gagnel986). The Jamaican gall midges, however, have dorsoventral articulation of the gonopods
(Harris, Personal communications 2001).

Importantly, the Jamaican midges have not been found to infest tomato flowers.

CONCLUSION

There are two species of gall midges affecting hot peppers in Jamaica. One is strictly a flower bud
pest while the other affects the pedicel of hot peppers. It is not yet known whether this species will affect
other parts of the pepper plant. Gagne et al. 1999, reported on a Clinodiplosis species (Diptera:
Cecidomyiidae) from Costa Rica, which affects the flowers and leaves and stems of cultivated peppers.

The pepper ‘pedicel” midge appears to be the more economical, infesting more fields island-wide
and resulting in scarred, unmarketable fruits. As it is present within the fruits, it is also the one more
likely to be found in export boxes.

Both species differ from P. longifilia and C. lycopersici morphologically and in terms of host
preference. They also differ from other species of Contarinia known to attack Solanum (Gagne 1995) as
well as the three groups of Prodiplosis described by Gagne 1986. Importantly, they possess some
characters that are used to separate Contarina from Prodiplosis species. Gagne reported that the
Contarinia is distinguishable from Prodiplosis by the short aedeagus relative to the hypoproct and
mesolateral rather than dorsoventral articulation of the gonopods. The Jamaican gall midges have a short
aedeagus relative to the hypoproct (Contarinia) but a dorsoventral articulation of the gonopods
(Prodiplosis).

It is possible then, that the Jamaican gall midge is an undescribed species of Contarinia,
Prodiplosis or different genus altogether. Correspondence from Dr. Gagne through Dr. Harris suggested
that the midges might be an undescribed species of Prodiplosis. Further work is needcd to describe the
species, determine life cycle and ecology so as to effect a management strategy for the pest.
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FIG 1. Jamaica gall midge : a, larval spatula; b, larval posterior
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COMPLEJO MOSCA BLANCA-BEGOMOVIRUS EN EL CULTIVO DEL TOMATE Y
GENERALIZACION DE UN PROGRAMA PARA SU MANEJO

Gloria Gonzdlez Arias, Luis Vizquez Moreno y Carlos Murguido Morales, Instituto de Investigaciones
de Sanidad Vegetal, Cuba

RESUMEN: A partir del afio 1989 y ante la presencia de altas poblaciones de moscas blancas y de
severas afectaciones por begomovirus en el cultivo del tomate, se realizaron investigaciones para el
diagnostico de las virosis y de especies de moscas blancas, aspectos bioecoldgicos y epidemiologicos,
consideraciones en el monitoreo de la plaga en hidroponicos y campo, asi como ensayos de métodos de
control. Los resultados obtenidos permitieron elaborar un sistema de manejo integrado, el que fue
comprobado en diferentes areas de tomate, donde se valord el comportamiento de la plaga, la efectividad
de las medidas de lucha y la colaboracion con los productores en las decisiones a tomar y en la aplicacién
de la estrategia de control. La transferencia de la tecnologia se basé en la limitacion de la diseminacion de
las virosis, la reduccion de los niveles poblacionales del complejo mosca blanca-begomovirus y la
recuperacién y mantenimiento de un nivel de saneamiento en las zonas dedicadas al cultivo del tomate,
con la valoracion de su impacto econdmico, ecoldgico y social. Este programa se ha generalizado desde
los afios 1992-1993 y en la actualidad se aplica en unas 15 mil hectareas en todo el pals, que representan
el 64,7% del area cultivada. Es significativo que unas 7 mil hectareas son protegidas con el bioplaguicida
(V. lecanii), lo que ha contribuido a reducir la utilizacion de insecticidas quimicos, alcanzando s6lo un
10% y 3,3% de areas afectadas por mosca blanca y por begomovirus respectivamente.
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IMPORTATION AND LABORATORY PRODUCTION OF TWO SPECIES OF PARASITIC
WASPS FOR BIOLOGICAL CONTROL OF THE CITRUS BLACKFLY (ALEUROCANTHUS
WOGLUMI ASHBY) (HOMOPTERA: ALEYRODIDAE) IN TRINIDAD

V. F. Lopez and M.T.K. Kairo, CABI Bioscience Caribbean & Latin American Regional Centre, Gordon
Street, Curepe, Trinidad & Tobago

J. Seales, P. Ram, Ministry of Food Production and Marine Resources, Central Experimental Station,
Centeno, Trinidad & Tobago

ABSTRACT: Two exotic parasitic wasps, Amitus hesperidum Silvestri and Encarsia perplexa Huang &
Polaszek, were introduced from Florida into Trinidad during 2000 and 2001, respectively, for the
biological control of the citrus blackfly (CBF), Aleurocanthus woglumi Ashby. The importation was
carried out following guidelines under the FAO Code of Conduct (1996) and the two species were reared
in the laboratory for at least one generation to eliminate contaminants prior to being released in the field.
Procedures followed during the importation are described. Details are provided of the protocols developed
for the laboratory rearing of the CBF and the two natural enemy species.

INTRODUCTION

The citrus blackfly, Aleurocanthus woglumi Ashby (Homoptera: Aleyrodidae), a native of Asia,
was first reported in the Caribbean from Jamaica in 1913. It subsequently spread to many other countries
in the region (IIE, 1995) and was first reported from the Port of Spain area of Trinidad in 1998. Over the
next two years, the pest spread rapidly, initially on citrus and other plants in backyard gardens, and later
moved to areas of commercial citrus production. This rapid spread was attributable to a lack of effective,
host specific natural enemies. The citrus blackfly (CBF) has the potential to cause severe losses in fruit
production, ranging from 25% to almost complete crop failure (Smith er al., 1964; Watts and Alam,
1973). This has serious implications for Trinidad, where citrus is an important commercial crop.

CBF is an excellent candidate for classical biological control since a number of successful
biological control programmes have been launched against this pest in the Caribbean (Caltagirone, 1981;
Browning, 1992; Martin, 1999). In January 2000, the Ministry of Food Production and Marine Resources
(MFPMR), Trinidad & Tobago embarked upon a project aimed at the implementation of biological
control for CBF. Two parasitic wasps selected for introduction were Amitus hesperidum Silvestri
(Hymenoptera: Platygasteridae) and Encarsia perplexa (=E. opulenta (Silvestri) of authors, misidentified)
(Hymenoptera: Aphelinidae). This was based on the fact that in all the countries where CBF was
introduced, biological control using one or both natural enemies was found to be the most economical,
long-term and sustainable method of control (Browning, 1992). In Florida, for example, 4. hesperidum
and E. perplexa successfully kept the pest under good control for more than 10 years, resulting in millions
of dollars in savings and engendering an increased credibility in biological control of alien pests
(Tefertiller ef al., 1991).

MFPMR funded the importation programme and contracted CABI Bioscience’s Caribbean and
Latin American Regional Centre (CLLARC) to undertake the importation on its behalf. CABI was also
required to assist with capacity building within MFPMR through the provision of training in laboratory
production of CBF and the introduced natural enemies and in the identification of the two natural enemy
species. Other partners in the importation programme were Caroni (1975) Ltd and the Cooperative Citrus
Growers’ Association (CCGA). The introduction was carried out following guidelines outlined in the
Code of Conduct for the Import and Release of Exotic Biological Control Agents (FAO, 1996). The
parasitoids were reared in the laboratory at CLARC for at least one generation prior to being released in
the field. This paper outlines procedures followed during the introduction, and protocols developed at
CLARC for the laboratory rearing of CBF and the two natural enemies.
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IMPORTATION OF NATURAL ENEMIES

The natural enemies were obtained through collaboration with Entomologists in a laboratory in
Florida, USA. The parasitoids were collected in the field in Florida and reared under laboratory
conditions for 2-3 generations to eliminate any contaminants before being shipped to Trinidad.

One of the requirements of the Code of Conduct is the preparation of dossiers on the potential
natural enemies being considered for introduction. Thus, prior to the importation, dossiers were prepared
on 4. hesperidum and E. perplexa and submitted to MFPMR for appraisal (Lopez et al., 20002, b). Each
dossier consisted of three sections:

1. summarized information on CBF and its control, including biological control
2. summarized information on the potential natural enemy and
3. potential risks and their minimization, and procedures for elimination of contaminants

Relevant authorities within MFPMR reviewed the dossiers. Following this, the introduction of
the two natural enemies was approved and the Plant Quarantine Division of MFPMR issued the necessary
import permits.

One shipment of A. hesperidum and two shipments of £. perplexa were imported from Florida.
Procedures followed during the importation were similar for all three shipments. Entomologists from
CLARC and MFPMR and the Plant Quarantine Officer received each shipment at the airport. The
shipment was then transported to CLARC’s laboratories in Curepe and opened in the quarantine area in
the presence of the Entomologist from MFPMR. All the insects in the shipment were carefully examined
under the microscope and compared with voucher specimens to confirm their identity prior to being
released on CBF-infested citrus plants under cages in the laboratory.

The first shipment, which arrived on the 5™ of April 2000, was hand-carried by Dr. A. Polaszek,
CABI Bioscience’s expert taxonomist. It contained 240 adults of A. hesperidum and 200 mummies
(pupae of CBF containing pupal stages of the parasitoid). After the shipment was opened, Dr. Polaszek
prepared the voucher specimens by collecting some male and female 4. hesperidum from the shipment
vials and placing them in alcohol in small glass vials after confirming their identity under a microscope.
The vouchers were deposited with MFPMR. The 200 mummies received in the shipment were carefully
transferred into clear glass vials, covered with a mesh cap and placed on moistened paper towels in a clear
plastic container. This prevented desiccation of the mummies and facilitated the emergence of a further
232 adults.

The first shipment of £. perplexa, containing 125 adults, arrived on the 5" of January 2001. The
second shipment, which was received on 24" January, consisted of 200 adults. Of these, only 3 and 4
adults were males in first and second shipments, respectively, and the remaining were females. The
Entomologists in Florida sent a glass vial containing about 6 specimens in alcohol with the shipments.
This material was deposited with MFPMR as vouchers for the shipments.

Throughout the duration of the project, a total of six persons, including staff members from the
Research Division of MFPMR, Caroni (1975) Ltd and CCGA, were attached to CABI Bioscience and
received hands-on training in the production of CBF and the two natural enemies. They were thus
exposed to the day-to-day problems encountered during the rearing process and the methods used to solve
the problems.

During his stay in Trinidad, Dr. Polaszek conducted a one-day training on the taxonomic
identification of parasitic Hymenoptera for all persons involved in the rearing and field release
programmes. He elucidated the main characteristics used for distinguishing various parasitic genera that
attack Aleyrodidae. The participants then examined alcohol-preserved specimens of A. hesperidum and
female Encarsia perplexa (obtained by Dr. Polaszek during his visit to Florida) to familiarize themselves
with various morphological features of cach species. They also examined prepared slides of E. perplexa
and other Encarsia spp.
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IDENTIFICATION OF NATURAL ENEMIES

The morphological features used to diagnose A. hesperidum included the entirely dark (black)
body, lack of wing venation (except for a shoirt vein along the margin) and long, transparent wings, which
extended beyond the length of the adult. Males were generally larger than females. All the antennal
segments in males were almost similar in size and shape, and loosely attached to each other so that they
were bead-like in appearance. The antennal segments in the female were more tightly packed and ended
in a club-shaped clava.

Variations in the size, shape of abdomen and colour were among the main features that
distinguished the two sexes of E. perplexa. Females were almost entirely yellow in colour, except for
some dark markings on the thorax and the sides of the abdomen. The tip of the abdomen was black and
pointed due to presence of a short, sharp ovipositor. The males were much smaller than females with
body almost entirely black with occasionally lighter patches and the tip of the abdomen was not pointed
but slightly rounded. There was a distinct fringe of hairs along the margin of the wings in both sexes.

LABORATORY PRODUCTION

Host plants: Citrus plants with 5-6 expanded new flush leaves were used for culturing CBF. The
plants were potted in 15-cm diameter plastic bags in a 2:1 topsoil, manure mixture. They were
maintained under caged conditions outdoors to prevent them from becoming infested with
various pests. The plants were watered three times a week and a foliar fertilizer (Nutrex® N, P,
K 20:20:20) was applied once a month.

Rearing conditions: Plants destined for use in laboratory production of CBF and the parasitoids were
brought into the Controlled-temperature laboratories (CT Rooms) 1-2 days prior to being used in order to
acclimatize them. All rearing rooms were fitted with a double door entrance and an ultra-violet light (uv
light or insecutor) to prevent contaminants from getting in or out of these areas.

CT rooms: CT Rooms were used to obtain oviposition by CBF as well as for CBF and parasitoid
rearing. Temperatures of 28+2° C and relative humidity (RH) 70+10% were maintained in the
laboratory in which citrus plants were placed for oviposition. This room did not have any lights
because better oviposition was obtained under dark conditions. In the other CT rooms used for
rearing CBF and the parasitoids, the temperature and RH were 26°C and 60+10%, respectively.
Artificial lighting was provided in the form of banks of 4-6 fluorescent lights and 2-4
incandescent bulbs, suspended 10-20 cm above the cages. The lighting regime used was 12 h
light : 12 h dark.

Greenhouse conditions: The greenhouse was maintained under ambient conditions, with a wall-
mounted fan for air circulation. Several steps were taken to prevent contaminants from getting
into the rearing room. Along with the double door entrance and uv light, the room was sealed
with on all sides with a nylon mesh. Additionally, a 20-cm wide moat around the greenhouse
prevented ants and other contaminants from getting in.

Cages: Metal frame cages, 52 cm x 52 cm x 90 cm or 1 m®, covered with thin, white nylon mesh and
open at one end, were used for rearing both the CBF and the parasitoids.

Culture establishment and maintenance: Plants with new flush growth were examined for the presence of
pests and diseases. They were washed with a very dilute soap solution, then with water and allowed to
dry before being used for culturing CBF. Once the plants had developed 4-6 generations of CBF or 2-3
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generation of parasitoids, they were completely depleted of nutrients. They were clipped back and moved
out. The plants were placed under outdoor cages, fertilized and allowed to reshoot.

CBF

Five to nine potted plants were placed in each cage, depending on the size of the plants and the
cage. Large numbers (400-1000) of field-collected CBF adults were released in each cage. A few days
later, the plants were examined for oviposition, and for the presence of contaminants such as pests like
mealybugs as well as natural enemies like coccinellids, parasitoids and spiders, which were promptly
removed. Plants were labeled with date(s) of infestation and moved into cages in the outdoor rearing
facility. When the allocated space in the outdoor facility became insufficient, they were placed in CT
Rooms. CBF took about 7-8 weeks to complete one cycle outdoors and an additional 1-2 weeks in the CT
Room. A total of 25-40 plants were infested each week until about 400-500 plants with moderate to heavy
infestations were obtained.

For culture maintenance, emerging adults were allowed to continue to develop on the same
plant(s) for another generation if new flush growth is present on the plant at this time. 1f new flush was
not present, the adults were collected and released on clean plants with new flush placed in cages in the
dark room for oviposition. Plants that harboured mainly 1%/ 2" instars were used for parasitoid rearing
and the remaining plants were used for culture maintenance.

Amitus hesperidum

A total of 20 citrus plants harbouring mostly 1% instars of Aleurocanthus woglumi Ashby were set
up in four small cages. All the adults received in the shipment as well as those emerging from the
mummies were released in the various cages. Development of the parasitoid from egg to adult stage took
60-75 days. When the adult parasitoids began to emerge, the date(s) of emergence were recorded. The
parasitoids were collected, sexed and allowed to mate. From an initial population of 472 adults, a total of
1983 parasitoids were produced in the first generation during June and July. The number of males
produced was 606 and females 1492, with a male to female ratio of 1:2.3. A total of 491 adults (112
males, 379 females) were used for culture maintenance. The remaining 1492 adults (494 males, 998
females) were used for field releases.

Subsequently, routine culture maintenance was carried out by releasing about 50-100 mated
females per cage containing 4-5 moderate- to heavily-infested plants. At least two generations of
parasitoids could often be reared on most plants. This is because CBF adults usually emerged from
unparasitized pupae about 2-3 weeks before parasitoids emergence occurred. Once the plants in the cage
had new flush growth, the adults moved to these points and oviposited. Two-three weeks later, the eggs
had hatched and mostly 1% / 2™ instars were present on the plants. The emerging parasitoids thus found
these stages and oviposited on them. The parasitoids were subsequently collected using a brush or an
aspirator and allowed to mate before being released in a new cage or in the field.

Amitus hesperidum was very prolific and a total of over 2000 parasitoids were produced at
CLARC between August and November despite lower scales of production. More than half of these
insects was used for augmenting field populations. Transfer of 4. hesperidum cultures to MFPMR’s
Central Experimental Station, Centeno (CES) which began with the first laboratory generation in
June/July, was completed in December 2000.

Encarsia perplexa

For the two shipments, a total of 18 and 15 citrus plants harbouring all stages, but predominantly
2M/3" instar of Aleurocanthus woglumi Ashby were set up in a total of 8 cages, 4 cages per shipment.
Adults from the shipments were released on the plants within a few minutes after opening the shipment
and examining the vials with parasitoids for contaminants.
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Development from egg to adult stage of the parasitoids took 25-30 days. Production of first
generation E. perplexa occurred in only one cage from the first shipment and two cages from the second
shipment. A total of 237 female E. perplexa were collected for about six weeks during February and
March 2001. A total of 176 females were sent for field releases between 6" February and 13™ March. On
the remaining, 32 unmated females were rclcased in second shipment cages @8 females per cage. This
was done to ensure male production in these cages. The remaining insects, together with those emerging
after the 13" of March, were used for maintenance of laboratory cultures as follows: Plants on which
production of parasitoids occurred were placed in two Im x 1m x 1m cages together with 5-10 new plants
harbouring mixed stages of CBF. Adult £. perplexa that were already present or emerged later thus had
additional CBF to parasitize. The cages were observed twice a month but were otherwise left undisturbed
to provide near-natural conditions for the developing parasitoids.

During the 1% week of May, at least one male and fairly large numbers of females were seen in
the cages. This meant that production of males and a new generation of parasitoids had occurred in the
cages. From nearly 150 parasitoids that were found in the two cages, 110 females were collected and sent
for field releases on the 8" of May. On the 16™ of May, two E. perplexa females emerged from mummies
collected at the site of the 1* release, confirming its establishment in the field. Culture maintenance in the
large cages has continued. Transfer of cultures to CES has already begun and is expected to be completed
in a few weeks.

Procedures for eliminating contaminants

Constant vigilance was of utmost importance to maintain clean, contaminant-free cultures. To

deal with specific problems of contamination, the following routine practices were carried out:

¢ only healthy, contaminant-free plants were used in culturing CBF and parasitoids

e after CBF oviposition and before the introduction of parasitoids, plants were thoroughly examined for
contaminants, which were promptly removed

e all infested plants were examined regularly and dead insects and other debris was removed

e when necessary, leaves with older infestations were wiped with a clean moist cloth to remove
honeydew deposits and minimize the development of sooty mold

* cage meshes were changed regularly and dead insects and other debris removed

» the introduction process was overseen by experienced Entomologists at CABI Bioscience who had
conducted extensive work on classical biological control of Aleyrodidae and other Homoptera
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FIELD REARING OF AMITUS HESPERIDUM SILVESTRI (HYMENOPTERA:
PLATYGASTERIDAE) FOR CONTROL OF CITRUS BLACKFLY ALEUROCANTHUS
WOGLUMI ASHBY (HOMOPTERA: ALEYRODIDAE) IN TRINIDAD W.l.

G.L. White, Caroni Research and Development Division, Waterloo Road, Carapichaima, Trinidad and
Tobago and K. Parkinson, Ministry of Agriculture, Lands and Food Production, Central Experimental
Station, Trinidad & Tobago

ABSTRACT: Amitus hesperidum Silvestri (Hymenoptera: Platygasteridae) was introduced to Trinidad in
2000 in an attempt at classical biological control of the Citrus Blackfly Aleurocanthus woglumi Ashby
(Homoptera: Aleyrodidae). Following quarantine, 4. hesperidum were reared in the field in sleeve cages
for multiplication and subsequent distribution. Fifty-three sleeve cages were established at six locations
in Trinidad, however efforts were concentrated at the Todd’s Road Citrus Estate of Caroni (1975)
Limited. These sleeves resulted in a yield of 372 insects/sleeve with peak emergence at 56-66 days after
the initial release of parasitoids. These results were used to guide the establishment of a further 35 sleeve
cages for the production of parasitoids. One hundred participating farmers were trained in the biological
control of Citrus Blackfly and provided with batches of 100 parasitoids for release on their farms.

INTRODUCTION

Amitus hesperidum Silvestri (Hymenoptera: Platygasteridae) was introduced to Trinidad in 2000
in an attempt at classical biological control of the Citrus Blackfly Alewrocanthus woglumi Ashby
(Homoptera: Aleyrodidae). This introduction formed part of an Integrated Pest Management (JPM)
approach to managing the pest (Anon, 2000). The release programme involved a period of laboratory
rearing in quarantine, followed by field rearing in sleeve cages, open releases and island-wide distribution
(White et al., 2001).

The productivity and emergence period of the initial sleeve cages were evaluated, in order to
facilitate and streamline later field rearing of 4. hesperidum for island-wide distribution by citrus farmers.

METHODOLOGY

Six sites, distributed in major citrus growing areas in Trinidad, were selected for field rearing of
A. hesperidum. Sites were located in Moruga, Caparo Valley, Tableland, Freeport, Penal and Cumuto.
Releases were made in June and July 2000.

Orchards that were known to have high populations of Citrus Blackfly were selected. Individual
branches were targeted for sleeve cages which had at least 30 hatched egg spirals (1™ or 2™ instars), with
spirals distributed over several young leaves. Sleeves were prepared of Organza, 40cm x 60 cm and fitted
around branches in the ficld one week before releases were made. On the day of setting up the sleeve,
and again two days prior to releasing parasitoids, all leaves were examined and any predators, mites,
aphids or insects were removed with a soft brush. Petroleum jelly was applied to the branch below the
sleeve as a barrier to ants. A roof/shade of opaque polythene was erected over the sleeve to deflect rain
and direct sunshine.

Care was taken to ensure that there was at least 30cm between the sleeve and the polythene to
prevent overheating of the sleeve. Releases were made at approximately Spm. Both male and female
parasitoids (10 of each where possible) were placed in each sleeve. The parasitoids used had emerged on
the day before the release. At Todd’s Road 17 sleeve cages were used. At the other sites cages were
established as follows: Cumuto 4, Penal 12, Freeport 8, Tableland 7 and Moruga 5.
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Subsequent to the release of parasitoids the sleeves were examined weekly and all contaminants removed
as described above. When it was observed that parasitoids had begun to emerge sleeves were visited
every 2-3 days and parasitoids collected using aspirators.

Monitoring of field rearing was conducted during the period June — August 2000 at the Todd’s
Road estate of Caroni (1975) Limited, (Caparo Valley) with 17 sleeve cages, in three fields of Valencia
Orange. As the monitoring process proceded it became apparent that the sleeve cages from Todd’s Road
would satisfy the initial requirements for 4. hesperidum. As a result, less effort was placed on gathering
parasitoids from the other sites. The sleeves at Tableland and Moruga were removed before emergence,
so that the parasitoids would disperse naturally.

Following the initial releases, a further 35 sleeve cages were set up at the Todd’s Road Estate to
produce parasitoids for distribution by farmers. The sleeve cages were established as described above and
regular inspections were made to remove contaminants. Fifty-five days after the inoculation, the branches
on which the sleeves were placed were removed and housed in an insectary in a large mesh cage.
Parasitoids were collected at 2-3 day intervals from these shoots. Parasitoids collected were placed in
vials within insulated cups and fed with a drop of dilute honey. The number of parasitoids recovered was
recorded.

The parasitoids collected were supplied to farmers for release on their citrus estates. Each farmer
received an insulated vial containing 100 parasitoids. To facilitate the transfer of both the insects and
techniques, four seminars were held by staff of Central Experimental Station, Ministry of Agriculture,
Lands and Food Production. Participants were exposed to the value of the biological control, the
parasitoid, and shown how to make the releases. The sessions were planned to coincide with the
emergence of parasitoids, and 100 farmers were targeted.

RESULTS

At the Todd’s Road site the mean recovery of 4. hesperidum was 372 + 133 (2SE) per sleeve
cage. There were high fluctuations between cages the highest yielding 1162 and the lowest 15
parasitoids.

The temporal distribution of emergence is illustrated below (Figure 1). The modal emergence
time for each sleeve cage appeared to fall into two periods, roughly days 56-59 and days 64-66. This
suggestion of a bimodal distribution is mirrored in Figure 1. Ten percent of the parasitoids emerged by
day 54, 25% by day 58, 75% by day 66 and 90% by day 79.

At the other sites the yields were much less (Table 1). The main objective of sleeve rearing at the
six sites was to gather parasitoids for redistribution to a further 20 sites. Since the sleeves at Todd’s
Road satisfied the need for parasitoids at this stage, less effort was placed on the other sites and the
sleeves were removed to allow any remaining 4. hesperidum to disperse naturally. In the case of
Tableland and Moruga the sleeves were removed before any emergence occurred.

The 35 sleeve cages for mass production of 4. hesperidum yielded 8420 parasitoids (mean = 240)
over a 25 day period. Excised branches were not housed individually so the variability between sleeve
cages was not determined. The yield was 15% short of what was targeted, but the numbers were
supplemented with parasitoids from a laboratory colony and all participating farmers were satisfied.
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Figure 1. Temporal distribution of 4. Aesperidum from sleeve cages in citrus fields, Todd’s Road, June-
August 2000.

Table 1. Sleeve cage recovery of 4. hesperidum from six sites in Trinidad, July- August 2000.

Site Number of Sleeves Mean Yield SEM  Remarks

Todds Road 17 372 66.5  Effort Concentrated here

Cumuto 4 142.8 58.6  Collected on 4 occasions

Penal 12 19.0 6.8 Collected on 4 occasions

Freeport 8 10.9 53 Collected on 2 occasions

Tableland 7 Sleeves removed before
parasitoid emergence

Moruga 5

DISCUSSION

Field rearing of 4. hesperidum within sleeve cages was highly successful. The roofs/shades
appeared to be important to the success of the sleeve cage not only as shade but to prevent wetting of the
sleeve during rainfall. Sleeves poorly sheltered from rain developed high levels of sooty mould and
produced fewer parasitoids. Collection of parasitoids was not possible from wet sleeves as the insects
got stuck to the mesh. As such, collections were made after dew had dried off.
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Regular cleaning of contaminants was also very important. During initial cleaning it was usual to remove
larvae of Coccinellids, Neuropterans, ants, mites and fungi. Some eggs or small larvae were invariably
missed and at subsequent inspections had to be removed.

When collecting A. hesperidum, the disturbance appeared to stimulate further immediate
emergence. This was beneficial as 4. hesperidum adults live for a few days only, and a delay of even one
day is a significant portion of their longevity. Upon entering the field all sleeves were shaken before
beginning collection, so as to avoid having to await emergence.

The yield of each cage is dependent on several factors unrelated to the fecundity of the parasitoid.
These factors include, the number of available blackfly at the appropriate stage for parasitism, the stress
that the parasitoids were exposed to during transfer, the microclimate within the sleeve (whether shaded
or un-shaded), any parasitoids escaping during inoculation, and level of sanitation within the sleeve. For
these reasons no attempt has been made to present the sleeve cage yield per female introduced.

A. hesperidum parasitises first and second instar nymphs. The developing parasitoid remains
dormant while the blackfly completed its development up to the pupal stage. At this time the parasitoid
development continues, eventually killing the blackfly.  As a result, the period of peak parasitoid
emergence in the sleeves is probably more dependent on the age structure of the black{ly population than
on the development rate of the 4. hesperidum. In the case of the initial 17 sleeves the hint of a bimodal
distribution is probably due to parasitism of different instars of blackfly.

The 35 sleeves for farmer participatory releases yielded less than expected. The yield may have
been influenced by the transfer of the branches into the insectary. Collection of the entire sleeve however
was useful as delays in collection due to transport or weather can be avoided and the parasitoids can be
delivered in a shorter period. Despite the drying of the excised branch, parasitoids were able to emerge
for at least over three weeks.
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DISTRIBUTION OF AMITUS HESPERIDUM, RELEASED FOR THE CONTROIL OF THE
CITRUS BLACKFLY (ALEUROCANTHUS WOGLUM! ASHBY) IN TRINIDAD

Kay Parkinson and Chanderbham Shripat, Research Division, Central Experiment Station, Ministry of
Food Production and Marine Resources, Centeno. P.O. Arima Trinidad and Tobago

ABSTRACT: Amitus hespericum- a natural enemy of citrus blackfly (CBF) was imported into Trinidad
in April 2000 and releases began in June 2000 in commercial citrus fields. An island wide survey was
conducted in February 2001 to determine the distribution of Amifus, 8 months after initial releases. Leaf
samples were collected from 100 farms across six counties. Counts of pupae with parasite exit holes,
pupae with CBF exit holes and unhatched pupae were recorded. Leaves were also incubated in an
insectary for emergence of adult Amitus. On a county basis average parasitism of 34%, 31%, 27%, 25%,
16% and 9% occurred in counties St. Patrick, Caroni, St. George, Victoria, St. Andrew/St.David and
Nariva/Mayaro respectively. On a farm basis parasitism levels of 87 %(Penal) and 100% (Flanagin
Town, Tableland) were observed at release and non-release sites respectively. Amitus adults were
recovered at 32 farms of which, 14 were Amitus release sites, while 18 farms were non-release sites.
Ratios of unhatched pupae to emerged Amiftus adults as high as 1:3 were observed at both release and
non-release sites in counties St. George and St. Patrick respectively. The average distance between non-
release sites and the closest release site was 4.4km.

INTRODUCTION

Citrus blackfly (CBF), Alewrocanthus woglumi Ashby, was first reported in 1997 and
subsequently identified in 1998 in Trinidad. In an island wide survey conducted in February-March,
2000, CBF was found in five of six counties and later in August 2000 it was found in all six counties. One
indigenous insect-pathogen, Aschersonia aleyrodis, was observed, but this seemed to be ineffective in
reducing CBF levels. However, no other natural enemies of citrus blackfly were observed. The
management strategy for CBF involved a long-term, sustainable and integrated approach to pest
management or IPM, where biological and cultural control measures and to a limited extent chemical
control measures were utilized. The predominant feature in the IPM program for CBF was biological
control. Two control biological agents; Amitus hesperidum and Encarsia perplexa were therefore
utilized. In April 2000 Amitus hesperidum was imported into Trinidad from Florida and field releases
initiated in June 2000. Table 1 shows the number of sites and number of Amitus released by county for
June-December, 2000. The second biogent, Encarsia perplexa, was imported in January 2001 and
releases initiated in February 2001. This paper however only deals with the distribution of Amitus
hesperidum, 8 months after field releases.

MATERIALS AND METHODS

The survey was conducted during February-March 2001. A list of 300 citrus farms was used to
select 100 (33%) farms. Farms were divided into three strata via a stratified sampling procedure, based
on farm size and county (Table 2). In the first stratum, two farms managed by the state enterprise, Caroni
(1975) Ltd. were placed in a separate stratum because of their size, 438ha and 750ha, relative to other
farms. Both farms in this stratum were surveyed. In the next stratum, which consisted of 51 farms with
more than 3 ha, 70% (36 farms) were randomly selected and surveyed. Tn the remaining stratum, which
consisted of 247 farms with less than 3 ha, a 25% sample (62 farms) was taken using a systematic random
sampling procedure. Of the 100 farms surveyed 47 were release sites, while 53 were non-releases sites.

At each farm site 5 citrus trees per ha (up to 20 trees per farm) were randomly selected. From
these trees, 6 sample leaves per tree were selected, removed and carried to the laboratory.
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Samples were examined under a binocular microscope (40x). Counts of the number of pupae
with parasite exit holes and the number of pupae with CBF exits holes were recorded. Percent parasitism
was calculated using the following equation:

numbcr of pupae with parasite holes
total number of pupae with exit holes (CBF 1 parasite) {x 100

From each site, 3 leaves with unhatched citrus blackfly pupae were selected and the number of
unhatched pupae recorded. The leaves were placed in glass jars, covered with black cloth and left for 15
days to allow for emergence of 4Amitus. The ratio of unhatched pupae to emerged adult Amitus was
recorded after 15 days.

Dispersal distances between release and non-release sites were determined by estimating the
distance between sites where Amitus was recovered but not released, and the closest release site.

RESULTS AND DISCUSSION

Table 3 shows the average parasitism based on the number of pupal cases with parasite exit holes/
total number of pupal cases (CBF + parasite) with exit holes. On a county basis average parasitisms of
34%, 31%, 27%, 25%, 16% and 9% occurred in counties St. Patrick, Caroni, St. George, Victoria, St.
Andrew/St.David and Nariva/Mayaro respectively. In Florida 25%-35% parasitism has been recorded
(Cherry and Pastor, 1980) between 1978 and 1979. The percent parasitism in Trinidad is consistent with
these findings. The lower percent parasitism of 16% and 9% in St. Andrew/St. David and Nariva/Mayaro
can be attributed to initially low CBF population levels in these counties. In addition for these counties,
releases were made at fewer sites as well as fewer wasps were released.

On a farm basis for release sites, 87% parasitism of CBF was recorded in Penal. A. hesperidum
has also spread to non-release sites where 100% parasitism was recorded in farms at Flanagin Town and
Tableland, county Caroni. At the Todd’s Road, (Caroni 1975 Ltd.) orchard in Trinidad, a release site,
parasitism of >75% and in many fields approaching 100% has been observed (Graham White, Pers.
Comm. 2001 ). Hart et al. (1978) also reported 100% parasitism at some release sites in Florida.

Differences in parasitism at both county and farm levels, can be attributed to a number of factors
including CBF population levels, number of Amitus released, date (timing) of release and abiotic factors
such as temperature and rainfall.

Amitus hesperidum was recovered in 32 of the 100 farms of which 16 were release sites and 18 non-
release sites (Tables 4-5, Figure 1). The highest number of adult Amitus hesperidum recovered at a release
site was 134 in Penal located in county St. Patrick, while at a non-release sites, the highest number of
adult Amitus hesperidum recovered was 90 in the Fyzabad area county Victoria.

Tables 4-5 shows the number of unhatched pupae, number of Amitus recovered and ratios of
unhatched pupae to emerged Amitus. Ratios of unhatched pupae to emerged Amitus hesperidum adults as
high as 1:3 were observed at both release and non-release sites in counties St. George and St. Patrick
respectively. Experimenters (Flanders, 1969) have found that 60% of CBF pupae yield two Amitus
adults. However, it is not unusual for the emergence of three adults (V. Lopez, Pers. Comm., 2001).

Table 5 shows the average distance for Amirus recovered between non-release sites and release
sites. The average dispersal distance between release and non-release sites was 4.4 km within 4 months of
releascs, allowing for emergence of 3 generations. These findings are consistent with Selhime et al,
(1982) who reported dispersal distance of 3.7 km in 3 generations of Amitus.

The greatest distance of dispersal between a non-release site and the closest release site was 16.25
km within 4 months of releases, allowing for emergence of 3 generations. This unusual occurrence was in
the county Nariva/Mayaro. It is thought that human intervention may be responsible, since grower-to-
grower transfer of Amitus was encouraged. In addition, growers were shown the techniques for releases.
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Consistent recoveries of A. hesperidum at release and non-release sites demonstrate that the
bioagent has survived, multiplied and dispersed in citrus orchards throughout Trinidad, 8 months of initial
field releases.
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Table 1. Number of sites and number of 4. hesperidum wasps released in Trinidad, April-December 2000.

County # of Sites # of Wasps
Caroni 36 3955
St. George 52 3202
Victoria 31 2901
St. Patrick 24 2342
Nariva/Mayaro 16 1623
St.Andrew/St.David 13 1243

Table 2. Stratified sample of citrus farms surveyed for 4. hesperidum in Trinidad, 2001.

County Farm Size
Caroni (1975) Ltd. > 3ha <3ha Total

Caroni 1 9 10 20
St.George - 4 8 12
St.Andrew/St.David - 6 6 12
St. Patrick 1 6 24 30
Victoria - 6 5 12
Nariva/Mayaro 5 9 14
Total 2 36 62 100
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Table 3. Average parasitism of citrus blackfly pupae found in counties in Trinidad.

COUNTY LOCATION AVERAGE PARASITISM

St. Andrew/St.David (12)*  Cumuto (6)** 24
Sangre Grande (1) 49

St. Andrew/St. David 16
St. George (12) Wallerfield (1) 33
Talparo (4) 39
Santa Cruz (1) 58
Mundo Nuevo (4) 10

St. George 27
Caroni (20) Freeport (3) 25
St. Helena (2) 53
Gran Couva (2) 12
Caparo (1) 73
Flanagin Town (5) 68
Tabaquite (2) 14
Brasso (1) 21

Caroni 31
St. Patrick Penal (16) 17
Siparta (2) 71
Fyzabad (4) 54
Chatham (1) 52
Erin (5) 50
Palo Seco (7) 18

St. Patrick 34
Victoria (12) Moruga (3) 29
Williamsville (2) 32
Princess Town (1) 47
Tableland (2) 50
Piparo (3) 2
New Grant (1) 2

Victoria 25
Nariva/Mayaro (14) Poole (4) 18
Rio Claro (3) 18

Nariva/Mayro 9

*, ** Numbers in parentheses indicate the number of farms sampled in each county and each location.
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Table 4. Ratios of unhatched CBF pupae to recovered Amitus adults at farms where Amitus releases were
carried out in Trinidad.

COUNTY LOCATION # PUPAE # AMITUS RATIO
PLACED IN JAR RECOVERED PUPAT:AMITUS
St. Andrew/St. David  Cunaripo 10 12 1:1
Cumuto 9 S 2:1
Cumuto 16 4 4:1
St. George Wallerfield 25 5 5:1
Talparo 6 20 1:3
Talparo 51 16 3:1
Santa Cruz 19 11 2:1
St. Helena 8 14 1:2
Gran Couva 22 15 1:1
Carapichaima 10 1 10:1
St. Patrick Penal 31 17 2:1
Penal 465 71 7:1
Penal 608 134 5:1
Erin 229 20 14:1

Table 5. Ratios of unhatched CBF pupae to recovered Amitus adults at non-release farms in Trinidad.

COUNTY LocATiON # PUPAE # AMITUS RaTtIO DIST. FROM No. MONTHS
PLACED RECOVERED PUPAE:AMITUS CLOSEST RECOVERED
IN JAR RELEASE AFTER RELEASE/
(XMm) GENERATIONS

St. Andrew/ St. Plum Mitan 55 12 5:1 5.6 2 m(;nths/lgeneration

David
Freeport 6 l 6:1 1.5 8 months/5 generations
Freeport 19 2 10:1 0.4 Tmonths/4generations
Mundo 40 2 20:1 5.1 4 months/3 generations
Nuevo

St. Patrick Fyzabad 0 12 3.2 7 months/4 generations
Fyzabad 1729 90 19:1 3.2 7 months/4 generations
Palo Seco 168 20 8:1 3.8 4 months/3generations
Penal 395 42 9:1 33 4 months/3 generations
Penal 201 47 4:1 4.2 4 months/3 generations
Penal 12 40 1:3 3.9 4 months/3 generations
Penal 283 25 L1l 42 4 months/3 generations
Penal 151 19 8:1 1.5 5 months/4 generations
Penal 238 32 7:1 4.5 5 months/4 generations
Siparia 20 4 5:1 3.8 4 months/3 generations
Rancho 78 8 10:1 0.4 4 months/3 generations
Quemado

Victoria Piparo 234 53 4:1 0.6 7 months/4 generations

Nariva/Mayaro  Mayaro 119 15 8:1 16.3 4 months/3 generations
Rio Claro 69 25 31 2.9 4 months/3 generations
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Figure 1. Distribution of Amitus hesperidum recovered in Trinidad, February-March 2001.
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AMARANTHUS DUBIUS INTERFERENCE IN SWEET POTATO: EFFECT ON MINERAL
UPTAKE

Maria de L. Lugo, Carlos E. Ortiz and Evelyn Rosa-Mdrquez, University of Puerto Rico, Agricultural
Experiment Station, P.O. Box 1306, Gurabo, PR 00778

ABSTRACT: Sweet potato is considered a successful competitor against some weeds. Amaranthus
dubius is a common weed that adversely affects sweet potato production throughout the Caribbean Basin.
Limited research has been performed on weed interference in sweet potato under tropical conditions.
In this scenario, understanding weed-crop relationships is fundamental for developing economical weed
control strategies. A study was conducted to determine the effect of 4. dubius interference on sweet
potato mineral uptake under tropical conditions. Treatments included sweet potato without 4. dubius,
interspecific sweet potato with 4. dubius, and 4. dubius alone. At 5, 7,9, 11 and 13 weeks after planting,
two plants per plot and per species were cut at the soil level, washed and divided in leaf lamina, petiole
and stem for nutrient concentration analyses. Interference by A. dubius significantly reduced sweet
potato’s uptake of N, K and Mg at 11 weeks after planting and later. Uptake of P and Ca was reduced at
13 weeks after planting.

INTRODUCTION

Sweet potato (I[pomoea batatas) is considered successful competitor against some weeds
(Onwueme, 1978). Because of the vining nature of sweet potato, mechanical cultivation as a weed
control can be used only during the first four weeks after transplanting without undue mechanical injury
to the crop (Glaze et al., 1981). Annual grasses are not a major problem in sweet potato plantations
because they may be controlled by grass herbicides in this broadleaf crop. On the contrary, broadleaf
weeds, such as Amaranthus dubius, may escape from early control and their postemergence control
becomes difficult. In this scenario, understanding weed-crop relationship is fundamental for developing
economical weed control strategies.

As crops, weeds greatly differ in their ability to extract nutrients from the soil. Previous research
has shown a definite effect of weeds on the total nutrient uptake by crops. For example, in sugar beets the
leaf content of P, K and Fe was significantly reduced when redroot pigweed was allowed to grow for four
or more weeks (Miller and Meggit, 1962). Bhowmik and Reddy (1988) reported that in tomato leaves the
concentration of N and K decrecased, whereas the concentration of P increased, as the density of
barnyardgrass increased.

Limited research has been performed on weed-crop nutrient uptake under tropical conditions. A.
dubius is a common troublesome weed in sweet potato production throughout the Caribbean Basin. The
effect of A. dubius on sweet potato yield was assessed by Semidey et al. (1987). Yield reduction of 91%
occurred at 91 4. dubius plants/m’. Lugo et al. (2000) hypothesized that the rapid growth and
development of A. dubius, along with its difference in plant architecture compared to that of sweet potato,
enable this weed to interfere seriously, thus causing the dramatic decrease in sweet potato yield in the
tropics. This study reports the effect of A. dubius interference on sweet potato mineral uptake under
tropical conditions.

MATERIALS AND METHODS

The experiment was conducted in 1998 on the Juana Diaz Agricultural Experiment Station farm
of the University of Puerto Rico. This location is 12 m above sea level. The soil was from the San Anton
Series (Cumulic Haplustolls) with a pH of 7.4 and 1.2% organic matter. Cultivar Mina was used. Plots
were four 6.1 m long rows spaced at 0.90 m. Distance between plants within the row was 30 cm. After
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planting, standard management practices, including drip irrigation, were used (Univ. of PR - Estacién
Experimental Agricola, 1997). One application of fluazifop-p-butyl at 0.59 kg ai/ha was made two weeks
after weed emergence, and broadleaf weeds were removed by hand. Treatments included 1) sweet potato
without A. dubius, 2) interspecific sweet potato with /5 A. dubius plants/m of row, and 3) 15 A. dubius
plants/m of row. A4. dubius density was established two weeks after emergence. The weed was allowed
to interfere season-long. A randomized complete block design with four replications was used. At 5, 7,
9, 11 and 13 weeks after planting, two plants per plot and per species were cut at the ground level. The
plants were washed and divided into leaf lamina, petiole and stem. For nutrient concentration analyses,
plant parts were oven-dried at 54°C to a constant weight and then ground. The determination of N and P
concentration was made colorimetrically. Concentrations of K, Ca and Mg were determined by
spectrophotometry. All chemical analyses followed the reference procedures for the Southern Region of
the United States (Univ. of Georgia, 1992; Virginia Agric. Exp. Stn., 1992). Nutrient concentrations were
expressed as a percentage of the tissue dry weight. Estimates of nutrient uptake were calculated by
considering average concentration in tissue and tissue dry weight. Sweet potato yield was determined 22
weeks after planting.

RESULTS AND DISCUSSION

Sweet potato yield in weed free plots was equivalent to 9,232 kg/ha. Season-long interference by
15 plants of A. dubius per meter of row reduced this yield by 96%. Average nutrient concentrations for
11 and 13 weeks after planting have been summarized in Table 1. Across plant parts, the concentration
of nutrients obtained in this study followed the general pattern reported for other tuber crops.
Concentration of K in tissues tended to be higher than that of N, whereas Mg was the least concentrated
nutrient (Table 1). Interestingly, and except for Ca at 13 WAP, at 11 and at 13 WAP the concentration of
nutrients in sweet potato alone was not statistically different from that of sweet potato interfered with A.
dubius (Table 1).

As expected, dry weight accumulation of sweet potato and A. dubius increased throughout the
season (Figure 1). In contrast to the general pattern for nutrient concentration, sweet potato’s dry weight
was reduced when grown with 4. dubius (Figure 1). Significant differences were observed at 11 WAP,
where reduction in sweet potato dry weight was 62%, as a consequence of being grown with 4. dubius.
Previous reports confirm that 4. dubius interference in sweet potato is practically limited to the first part
of the crop cycle because the weed completes its growing cycle about eight weeks before sweet potato
crop does (Lugo et al., 2000).

In this study, interference by A. dubius reduced nutrient uptake by sweet potato (Figures 2 to 6).
This reduction was more accentuated by the end of the cropping cycle. As for dry weight, significant
differences for mineral uptake between sweet potato alone and interspecific sweet potato were detected at
11 and at 13 WAP. Interference by 4. dubius reduced significantly sweet potato’s uptake of N, K and Mg
at 11 weeks after planting and later (Figures 2, 4 and 6). Uptake of P and Ca was reduced at 13 weeks
after planting. Because differences in mineral concentration in tissues between sweet potato alone and
interspecific sweet potato were minimal, reduction in uptake for interspecific sweet potato appears as a
result of the reduction in dry weight.

Uptake of N by A. dubius alone was less than for sweet potato alone (Figure 2 ); conversely P
uptake was higher (Figure 3). Potassium and Mg uptake by 4. dubius was similar to that of sweet potato
alone (Figures 4 and 6). Thus, total nutrient uptake by the crop and by the weed may be compared by
considering both the concentration in the tissue and the dry weight, because these characteristics were
dissimilar (Table 1 and Figure 1). Careful attention must be paid to the above results because they are
limited to nutrient accumulation in the plant parts above ground. The overall results indicated that
differences in nutrient uptake between sweet potato alone and interspecific sweet potato interfered by A.
dubius (plant parts above ground) appear more related to reduction in dry weight than to changes in the
mineral concentration of the tissues.

105



REFERENCES

Bhowmik, P.C. and K.N. Reddy. 1988. Effect of barnyardgrass (Echinochloa crus-galli) on growth, yield,
and nutrient status of transplanted tomato (Lycopersicon esculentum). Weed Science 36:775-778.

Glaze, N.C., S.A. Hamon, and S.C. Phatak. 1981. Enhancement of herbicidal weed control in sweet
potato ([pomoea batatas) with cultivation. Weed sci. 29:275-281.

Lugo, M. de L., C.E. Ortiz and E. Rosa-Marquez. 2000. Amaranthus dubius interference in sweet potato.
HortScience. 35:392,

Miller, G.R. and W.F. Meggitt. 1962. Competition of weeds with sugar beets. Proc.North Cent. Weed
Control Conf. 19: 21,

Onwueme, 1.C. 1978. Sweet potato: Weed control. p.179. In  The Tropical Tuber Crops. John Wiley and
Sons, New York.

Semidey, N., L.C. Liu and F. H. Ortiz. 1987. Competition of pigweed (Admaranthus dubius) with sweet
potato (Ipomoea batatas). J. Agric. Univ. P.R. 71(1):7-12.

Universidad de PR- Estacion Experimental Agricola. 1997. Conjunto tecnolégico para la produccion de
raices y tubérculos. Bull. 101.p 38.

University of Georgia, College of Agricultural and Environmental Sciences. 1992. Plant Analysis
Reference Procedures for the Southemn Region of the United States. Plank, C. O. (ed.). The
Georgia Agricultural Experiment Stations. Southern Cooperative Series Bull. 368.

Virginia Agricultural Experiment Station. College of Agric. and Life Sci. 1992. S.J. Donohue (£d.).
Reference, Soil and Media Diagnostic Procedures for the Southern Region of the United States.
Southern Cooperative Series Bull. 374.

Table 1. Average mineral concentration in plant part above ground in sweet potato alone, sweet potato
growing interspecificaly with 4. dubius and A. dubius growing alone.
AVERAGE MINERAL CONCENTRATION

N P K Ca Mg

11 weeks after planting %

Sweet potato alone 2.29 0.41 6.47 2.03 0.47
Sweet potato + A.dubius 2.20 0.44 6.30 1.81 0.34
A. dubius alone 1.69 1.10 6.06 2.41 0.72
LSD s NS 0.10 NS 0.30 0.15
13 weeks after planting

Sweet potato alone 2.21 0.46 4.85 2.35 0.46
Sweet potato + A. dubius 1.92 0.43 5.80 1.97 0.38
A. dubius alone 1.63 1.19 5.36 2.65 0.84
LSD s 0.56 0.19 NS 0.23 0.10
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Figure 3 - Effect of Amaranthus dubius
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ETUDE DE LA PRODUCTION DE BULBILLES CHEZ D. ALATA CV BELEP -
CONSEQUENCES SUR LLE RENDEMENT EN TUBERCULES

Claude Zinsou, Université des Antilles et de la Guyane, Département de Biologia, Campus de Fouillole,
BP 592, 97157 Pointe-a-Pitre Cedex, Guadeloupe F.W 1.

Pascale Bade et Victor Vaillant, Centre INRA des Antilles et de la Guyane, URPV — Laboratoire de
Physiologie et Biochimie végétales, Domaine Duclos, 97170 Petit-Bourg, Guadeloupe F.W.1.

RESUME: Les bulbilles sont des tubercules aériens qui ont contribué naturellement a la dispersion des
espéces ayant I’aptitude a en produire, mais souvent de maniére sporadique. L’intérét porté a la maitrise
de la production des bulbilles vient du fait qu’elle peut constituer pour certaines espéces, une voie
alternative originale & la production de semences d’igname. Les travaux rapportés dans ce papier reposent
sur les observations conduites sur les facteurs de promotion de la bulbification chez D. alata cv Belep.
Depuis 2 ans nous obtenons une production réguliére de bulbilles sur cette variété a partir de tubercules
entiers ou fragmentés. Le nombre moyen total de bulbilles récoltées par plante se situe entre 20 et 30 et le
nombre moyen de bulbilles utilisables comme semences pour la culture suivante est compris entre 6 et 10.
La formation des bulbilles (phénoméne terminal du cycle) ne semble pas étre en compétition avec la
production des tubercules car les rendements en tubercules observés donnent des valeurs comprises entre
2.3 et 3.8 kg par plante selon le poids des tubercules utilisés comme matériel de plantation.

ABSTRACT: The bulbils are aerial tubers that have contributed naturally to the dispersion of species
having the aptitude to produce some, but often in sporadic manner. If we succeed to master bulbil
production it could constitute for some species, an original alternative way to produce seed yam. Work
reported in this paper comes from observations conducted on factors of promotion of the bulbification in
D. alata cv Belep. Since 2 years we have obtained a regular production of bulbils on this variety from
whole tubers or setts. The total average number of bulbils harvested per plant ranged from 20 to 30 and
the average number of bulbils usable as seeds for the next planting was between 6 and 10. The
production of bulbils (terminal phenomenon of the cycle) did not seem to affect tuber formation since
tuber weight harvested gave values between 2.3 and 3.8 kg per plant according to the size of the planting
material.

INTRODUCTION

Dans les conditions normales de culture, les espeéces d’igname les plus cultivées sont celles qui
sont réticentes a la production de graines susceptibles de constituer des semences. De ce fait, la création
variétale est un processus long qui commence a livrer petit a petit les réponses aux problémes posés par
I’amélioration des rendements et la résistance aux maladies. Les semences d’igname sont en fait de petits
tubercules ou des fragments de tubercules. En conséquence, une quantité non négligeable de tubercules
destinés a la consommation est réservée pour la plantation de I’année suivante. En cas d’achat, le cott des
tubercules nécessaires a la plantation d’un hectare peut représenter 35 a 40 % de celui de la production
(Orkwor, 1997). L’un des facteurs importants qui limitent la production de tubercules d’igname est donc
la disponibilité en matériels de plantation sains.

Les méthodes traditionnelles ne permettent pas de répondre a la demande élevée en matériels de
plantation. Pour améliorer la situation et réduire le prélévement opéré sur une récolte, plusieurs voies de
production de matériels de plantation ont été explorées. Ferguson (1972), Vander Zaag et Fox (1981), ont
utilisé sans grand succés au champ des boutures de tiges. Okoli et al (1982) ont mis au point, au Nigeria,
une technique rapide de production de semenceaux (minisetts) pour approvisionner les agriculteurs. Cette
derniere technique a été améliorée et utilisée a I’intérieur et a ’extérieur du Nigeria pour produire, a partir
de minisetts, des tubercules-semences entiers (Orkwoor, 1997). La multiplication clonale comporte
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I’inconvénient de perpétuer toute |’histoire pathologique d’une variété malade. Des que des clones sains
ont été obtenus, souvent par combinaison de culture de méristéme et de thermothérapie, les vitroplants
sont devenus des matériels intéressants pour la production de tubercules-semences. Il est méme envisagé,
malgré leur fragilité, de les utiliser au champ pour la production de tubercules commercialisables ;
cependant peu d’études a ce jour ont été menées dans ce sens.

Un autre matériel intéressant, constitué par les bulbilles, a été laissé de coté jusqu’ici. Ce sont des
tubercules aériens (Wickam et al. 1982). Chez D. bulbifera (Igname a bulbilles), la bulbille est le lieu
préférentie]l de stockage des glucides et, sous forme entiére ou fragmentée, reste le principal, sinon
’unique, matériel de plantation (Degras et al. 1977). Chez les autres espéces cultivées comme D. alata,
D. opposita, D. dumetorum, D. pentaphylla, (Degras, 1986) qui en forment, souvent de fagon sporadique,
on sait que les bulbilles, produites sur les ignames le long des riviéres, ont été les principaux artisans de
leur dispersion hors de leur zone d’origine.

D. alata cv Belep, cultivée en Guadeloupe et tolérante & l’anthracnose, produit de grandes
quantités de bulbilles, les années ou les pluies ont été précoces et la pluviométrie abondante le long du
cycle. Nous avons identifié I’eau comme 1’un des facteurs de promotion et de régularisation de Ila
bulbification. La maitrise de la production annuelle de bulbilles chez les espéces capables d’en produire,
avec comme objectif de combiner production de tubercules commercialisables et de tubercules-semences
(non prélevés sur la récolte) pourrait constituer une voie alternative intéressante. Ce papier rapporte les
premiers résultats sur la tentative de maitrise de la production des bulbilles chez D. alata, cv Belep.

MATERIELS ET METHODES

Le matériel végétal est D. alata cv Belep, retenu pour sa précocité et sa tolérance a 1’anthracnose.

Essai 1999. Les matériels de plantation sont constitués par des semenceaux (fragments de tubercules) de
100g, 50g et 25g et des bulbilles de 15-20g. Aprés germination deux lots ont été formés pour les 100g et
50g, tous les semenceaux de 1’un des deux lots sont €bourgeonnés avant plantation. Cette technique nous
avait permis, il y a quelques années, d’induire la multi-tubérisation dans la méme espéce mais chez la
variété Lupias (Clairon et Zinsou). En supprimant la dominance apicale 1’apparition de multiples
bourgeons et de tiges a conduit a un nombre élevé de tubercules avec réduction de leur taille et de leur
poids.
Essai 2000 : L’ objectif est de confirmer les résultats de I’année précédente en particulier 1’effet de I’eau et
du poids des tubercules-semences sur la production de bulbilles. Les matériels de plantation sont
représentés par des vitroplants et des tubercules—semences (de premiére génération), obtenus a partir des
vitroplants. Trois classes de poids ont été utilisées : 40-60 g, 80-120 g et 180-200 g. Chaque traitement
contient 50 individus.

Les expérimentations ont ¢té conduites au domaine Duclos au Centre INRA des Antilles et de la
Guyane en Guadeloupe. La plantation est mise en place en avril sur un sol qui a regu un amendement
organique similaire a celui utilisé pour les cultures maraicheres. Les billons sont espacés de 1 métre, les
plantes sur le billon sont distantes de 40 cm (ce qui équivaut a 25 000 pieds/ha). Pour une meilleure
utilisation de la lumiere, les plantes ont poussé sur des tuteurs hauts de 1.50 m.

En 1999, toutes les plantes sont irriguées. En 2000, toutes les plantes sont irriguées pendant les 2
premiers mois pour permettre leur démarrage. Seuls les lots considérés comme irrigués ont continué a
bénéficier d’un arrosage tous les deux jours par aspersion, correspondant a un apport d’eau journalier de 7
mm. Chaque plante regoit au pied, 3 mois apres plantation, 40 g d’un engrais complet. A la fin du cycle
les mesures ont été faites sur I’ensemble des plantes correspondant a un traitement.

RESULTATS

Essai de 1999
Production de bulbilles
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Nous avons obtenu une importante production de bulbilles. Les semenceaux de 100g et de 50g
non égermeés donnent le méme nombre de bulbilles qui se situe entre 8 et 10 par plante. Dans le méme
essal les semenceaux de 25g et les bulbilles de 15-20g n’ont pratiquement pas produit de bulbilles.
L’égermage avant plantation des semenceaux de 100g et 50g augmente significativement le nombre
moyen de bulbilles. En ce qui concerne les semenceaux de 100g, celui-ci est égal a 22 par plante, pour les
semenceaux ¢germés. Le doublement du nombre de bulbilles sur les plantes issues des semenceaux
égermés est essenticllement dii a I’apparition d’un plus grand nombre de tiges résultant de la suppression
de la dominance apicale.

Le poids moyen des bulbilles se situe entre 9.9 et 10.5g quel que soit le poids ou les traitements
subis par les semenceaux. Une analyse plus poussée sur les bulbilles sera effectuée sur les essais de
I’année suivante.

Production de tubercules

Contrairement aux résultats obtenus sur la variété Lupias, [’ébourgeonnement ne provoque pas
une multi-tubérisation chez la variété Belep.

Le nombre moyen de tubercules par plante est de 1.4 & 0.2 pour les semenceaux de 100g et de
50g avec ou sans bourgeon. L’égermage n’a donc aucun effet sur le nombre de tubercules produits. Quel
que soit le traitement, le rendement moyen de tubercules par plante varie peu. 1l est respectivement de
(2.4 £0.3) kg et (2.0 £ 0.2) kg pour les semenceaux de 100 g avec ou sans bourgeon ; et de (2.2 £ 0.3) kg
et (2.0+ 0.3) kg pour les semenceaux de 50 g avec ou sans germe. Le poids moyen de tubercules est
respectivement de (1.7 £ 0.3) kg et de (1.4 £ 0.3) kg pour les semenceaux de 100 g avec ou sans
bourgeons ; et de (1.6% 0.3) kg et (1.4 £ 0.3) kg respectivement pour les semenceaux de 50 g avec ou sans
bourgeons. Les tubercules obtenus sont tous commercialisables et on n’obtient pas de tubercules
utilisables directement comme matériels de plantation.

De I’essai 1999 nous concluons que :

- I’eau favorise la production de bulbilles. Ceci confirme les observations faites sur Belep au cours de ces
derniéres années, montrant une relation entre la formation des bulbilles et ’arrivée précoce des pluies et
leur abondance au cours du cycle de la plante.

- méme sous irrigation, les plantes provenant de matériel de plantation de poids inférieurs a 25 g ne
produisent pratiquement pas de bulbilles. Le méme constat a été fait sur des cultures issues de bulbilles et
des vitroplants menées parall¢lement (résultats rapportés dans un autre papier)

- la production de bulbilles n’affecte significativement ni la taille des tubercules ni le rendement.

Essai 2000: Dans cet essal nous avons voulu tester les conclusions de I’année précédente
Production de bulbilles

Dans tous les cas le nombre de bulbilles produites par plante est supérieur sous irrigation quelle
que soit la taille du tubercule-semence utilisé. Il se situe entre 30 et 32 sous irrigation et entre 19 et 25
pour les plantes non irriguées (Tableau 1). Seule I’irrigation et non le poids des tubercules-semences a
une incidence significative sur ce nombre.

Le poids moyen d’une bulbille est plus faible sur les plantes irriguées (14-18g) que sur les plantes non
irriguées (entre 20.5 et 30g). Plus le nombre de bulbilles produites est grand, plus le poids moyen des
bulbilles est faible.

En considérant les bulbilles de poids>20 g comme semences, nous avons déterminé le nombre de
bulbilles de ce poids fourni par plante. Ce nombre est d’autant plus grand que le poids des tubercules-
semences est élevé puisqu’on passe de 6 a 10. Grice a la formation des bulbilles, la plante produit des
quantités de semences suffisantes pour assurer la plantation de I’année suivante sans aucun prélévement
sur la récolte des tubercules destinés 4 la consommation.
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Production de tubercules consommables

Pour les trois tailles de tubercules-semences, avec ou sans irrigation, le nombre de tubercules
produits par plante est toujours de I’ordre de 1 confirmant tous les résultats obtenus jusqu’ici & partir de
Belep que I’on parte de fragments ou de tubercules entiers (Tableau 2).

Un meilleur rendement en tubercules par plante est observé en 1’absence d’irrigation. Dans nos
conditions, ['utilisation de gros tubercules-semences avec comme objectif d’augmenter le rendement,
n’est pas justifié. Quel que soit le traitement, les plantes produisent un rendement moyen en tubercule
égal ou supérieur a 2.8 kg. Si on ajoute le poids de bulbilles produites le rendement moyen par plante est
égal ou supérieur a 3.2 kg, dans nos conditions de culture.

DISCUSSION

Au cours de nos observations sur la physiologie de D. alata cv Belep, nous avons constaté que
cette variété, possédant ’aptitude a produire facilement des bulbilles, ne ’exprimait que les années ou
’arrivée précoce des pluies (dés juillet), favorise la mise en place d’un appareil végetatif important. L’eau
est donc un facteur limitant important. Ce probléme est résolu par I’irrigation dont ’utilisation doit étre
optimisée.

Un bon développement de 1’appareil végétatif favorable aussi bien & la production de bulbilles
que de tubercules est assuré dans notre étude par Ja culture sur tuteurs. Ils permettent une meilleure
utilisation de la lumiére par les plantes. La présence de tuteurs a 1’avantage d’isoler les bulbilles du sol.
Dans ces conditions de production, les bulbilles destinées a étre utilisées comme des semences sont
préservées des parasites et des maladies telluriques.

La mise en place d’un appareil aérien suffisant, est aussi sous la dépendance du type de matériel
de plantation. Parallélement & ce travail et dans les mémes conditions d’irrigation et de fertilisation, les
cultures issues de semenceaux et de bulbilles de petit poids et de vitroplants (ne possédant aucune réserve
au départ) produisent peu ou pas de bulbilles. Sur ces mémes plantes, le rendement moyen en tubercules
par plante est inférieur 4 ce que nous avons obtenu avec des tubercules semences de poids>40g utilisées
dans ce travail. L’utilisation d’un matériel de plantation, contenant suffisamment de réserves pour mettre
précocement en place une plante vigourcuse crée les conditions d’une bonne bulbification. L’appareil
végétatif au cours du cycle est alors capable de remplir le puits souterrain (tubercules), d’induire la
formation et le remplissage des bulbilles.

Nous avons confirmé que I’irrigation favorise la formation des bulbilles mais le nombre de
bulbilles formé en ’absence d’irrigation n’est pas négligeable. Nous pouvons expliquer ce résultat
inattendu par une année 2000 exceptionnellement pluvieuse qui semble avoir pratiquement annulé I’effet
de manque d’eau sur les cultures non irriguées. L’effet de manque d’eau n’a duré qu’un mois mais il
semble avoir suffi pour diminuer le nombre moyen de bulbilles produites par plante. En revanche
corrélativement on assiste 4 une augmentation du rendement moyen de tubercules. Nos résultats
permettent de soupgonner une compétition entre la bulbification et le remplissage des tubercules chez
cette variété. Dans les conditions favorables a la bulbification qui est un processus terminal du cycle,
’apparition d’un puits aérien (bulbilles) entraine une distribution différente des assimilats. Il serait
intéressant d’étudier la portée de ce phénomene et son influence sur la formation des bulbilles et sur
I’élaboration du rendement en tubercules.

Sous irrigation, en pratiquant une culture sur tuteurs et en choisissant le matériel de plantation
approprié, la production annuelle de bulbilles peut étre maitrisée chez D. alata cv Belep et constituer une
voie alternative de production de semences pour cette variété.

La quantit¢ de bulbilles formées excéde les besoins en semences pour la replantation. 11 s’offre
alors a I’agriculteur la possibilit¢ de combiner la production de tubercules commercialisables avec celle
de bulbilles-semences. L’excédent de bulbilles non utilisées pourrait alors étre vendu comme semences.

Les facteurs dont nous avons parlé affectent sirement la production de bulbilles dans toutes les
régions. Nous soupgonnons cependant aussi I’effet de la photopériode qui permet d’induire la formation
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de bulbilles en chambre de culture ou il y a possibilité de moduler la durée d’éclairement (recherches en
cours).
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Tableau 1: Effet de ["irrigation et du poids de tubercule-semence sur la production de bulbilles (Essai

2000)
Poids des semences 40-60 g 80-120 g 180—-200 g
Traitement Irrigué . .7, Irrigué . Iﬁonl Irrigué . Non,
_ irrigué irrigué irrigué
Nombre moyen de bulbilles /plante: 31,4 22,6 30,4 25,4 31,9 18,8
Nombre de bulbilles de P>20g /plante 6,7 6,4 7,6 10,4 10 6,8
Nombre de bulbilles de P<20g /plante 24,7 16,2 22,8 15,0 21,9 12,0
Poids moyen des bulbilles (en g) 14,4 20,3 17,0 29,7 17,9 27,8
Rendement moyen de bulbilles/plante (g) 451 459 516 754 570 523
Tableau 2: Production de tubercules sur les pieds ayant produit des bulbilles (Essai 2000)
Poids des semences 40-60 g 80-120 g 180-200 g
. _ Non . Non _ o
Traitement Irrigué irrigué Irrigué irrigué Irrigué  Non irrigué
Nombre moyen de tubercules /plante 1,2+£0,2  1,0£0,1 1,2+0,2 1,2+0,2 1,4+0,3 1,0£0,1
Rendement moyen en 2,840,6 3,540,6 2,84#0,6  3,840,6  3,240,7 3,1%0,7
tubercules/plante
Poids moyen des tubercules (kg) 2,4+0,5 3,3+0,5 2,4+0,5 3,2+0,6 2,3+0,5 3,0+0,6
Poids moyen de bulbilles /plante (kg): 0,45 0,46 0,52 0,75 0,57 0,52
Rendement moyen en tubercules 3.3 3.8 33 a6 3.8 3.6

+ bulbilles par plante (kg)
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THE ROLE OF CARINET IN REGIONAL PHYTOSANITARY DEVELOPMENT
Ronald Barrow, CARINET Coordinator, Trinidad

ABSTRACT: As signatories to the Convention of Biological Diversity, the Caribbean countries were
charged with the responsibility to develop national biodiversity strategy and action plans. One of the
activities required to implement the plan has to do with the establishment of a biodiversity database and a
capacity building programme to offer identification and characterisation services — a key element in
regional phytosanitary development undertaken by CARINET- The taxonomic network of the Caribbean
Information is provided on the taxonomic capability of the Caribbean region and the CARINET
programme of work including: (i) Capacity building; (ii) Rehabilitation of resources, (iii) establishment of
information and communication services and (iv) The adaptation and development of user-friendly
technology, which has been so designed to provide the taxonomic services required. Mention is made of
the activities undertaken by CARINET that positively impact on regional phytosanitary development e.g.
identification of insects, microorganisms, nematodes and weeds of plants quarantine importance e.g. Pink
Hibiscus Mealybug, papaya mealybug, citrus blackfly, black sigatoka, diseases of bananas

INTRODUCTION

Awareness of the earth’s dwindling biotic wealth spread far and wide during the years leading up
to the 1992 Earth summit in Rio de Janeiro. Once governments everywhere began recognising how
invaluable and endangered biodiversity is, they embraced the idea that something had to be done to
improve the ways in which we use biological resources to benefit the generations now living and those to
come. This shared sense of urgency led 156 nations and the European Union to sign the legally binding
Convention on Biological Diversity (CBD) during the Earth Summit.

Most of the Caribbean countries are signatory to the 1992 Convention on Biological Diversity
and as such are required to develop National Biodiversity strategy and Action Plans. This exercise has
already been completed and one of the main problems identified in the wise use of biodiversity and
natural resources was paucity of biodiversity information and inaccessibility to biodiversity information
that has been collected. In this regard several strategies and specific actions have been recommended to
counteract these deficiencies. One such activity to be undertaken provides for the establishment of a
database and a capacity building programme to offer identification and characterisation services. It is
within the ambit of this activity that CARINET, The Caribbean Biosystematic network continues to play
an important role and in so doing support regional phytosanitary development.

Before embarking on CARINET’s role in this exercise, I consider it useful to provide you with
some background information on the network.

What is CARINET?

It is the taxonomic capacity building network of the Caribbean established under the aegis of the
SCMA in December 1993 in Barbados and became operational in March 1996, with membership of all
CARIFORUM countries. As the taxonomic network of the Caribbean and in support of sustainable
development in agriculture, forestry and the wise use of our natural resources the goal of the network is-
To ensure that a cadre of trained scientists exists in the Caribbean who are able to advise about, work with
identification of insects, mites, nematodes, micro-organisms and non vascular plants and who have
experience in handling and assessing data associated with those organisms.
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What is Taxonomy?

Taxonomy is the branch of science dedicated to identifying and classifying different forms
(species) of organisms.

THE NEED FOR TAXONOMY AND HOW IT SUPPORTS REGIONAL PHYTOSANITARY
DEVELOPMENT

Taxonomy is the most vital ingredient in any proposal for sustainable agricultural development,
wise use of biodiversity and the environment. Recently, environment awareness has led to the reduced use
of chemicals and adoption of more environment-friendly methods of combating pests and diseases e.g.
biological control IPM. The use of these methods hinges on the accurate identification of pests and
diseases and their natural enemies. The importance was borne out in the incidence of the Pink (Hibiscus)
mealybug (HMB). HMB was identified at least two years after its appearance as the destructive pest it is.
Accurate and timely identification could have avoided the attendant destruction and costs related to
control and curtailed trade. It is considered that upgrading the taxonomic capability of the region would
improve the Caribbean’s ability to respond to the challenges of globalisation of trade in agriculture and
the threat of environmental degradation.

TAXONOMIC CAPABILITY OF THE REGION

A survey conducted in 1996 revealed that the taxonomic resources- manpower and
collections were grossly inadequate to meet the taxonomic needs of the Caribbean sub- region.
In addressing these concerns CARINET implemented the following programme of work:

e Capacity building- manpower and infrastructural upgrade
Establishment of Information and Communications services
Rehabilitation / establishment of reference collections and records
Development and adaptation of user friendly technology

CAPACITY BUILDING
Training for Technicians; Professionals- Applied Biologists, Specialists (taxonomists)

Objectives of training programme

- To provide training in key systematic groups at all levels as indicated above.

- To develop joint training programmes for the sub-region with support from regional institutions as
part of the South- South, North- South, Co-operation.

It is intended that the training will provide a nucleus of 12 taxonomists for the network that would
function mainly at the 5 (five) Centres of Excellences (Belize, Guyana, Jamaica, Suriname and Trinidad
and Tobago), other National Co-ordinating Institutes and National Institutes.

Training programmes undertaken

1997  Identification of Mealybugs of the Caribbean.

1998  Taxonomy and identification of plant pathologic fungi and bacteria of agricultural importance.

1999  Identification of whiteflies of agricultural importance in the Caribbean.
Joint programme with MIZA Venezuela- One week training workshop on the taxonomy:
Alticidae; Chrysomelidae.

2000  Insect Curation and Collection Management.Three Caribbean scientists were awarded BioNET
fellowships that were undertaken at CABI BIOCIENCE, UK.
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1996  Doreen Jodhan (T&T) — Taxonomy of Macrofungi (Basidiomycetes) of T&T.
1997  Lennox Chandler (B’dos) — Taxonomy of Mealybugs and Whiteflies.
1998 Pearl Wharton-Gill (Guyana) - Characterisation and identification of Ralstonia spp.

INFORMATION AND COMMUNICATION TECHNOLOGY

CARINET is in the process of designing and developing a database and webpage.
Using Linnaeus 11 as an interface database comprises four (4) data groupings each a database itself:
i Taxonomic Database- species.
ii Directory of Experts
1ii Institutions - Plant Health Laboratories
iv Support Tables.

The first three databases will be presented to the end-user as facets of the stored information; the
fourth is a collection of supporting information common to all, but associated in different ways. The
CARINET database will provide reliable information on experts/ scientists working in specific areas in
the Caribbean, and also up-to-date information (bionomics, taxonomy) on insects and microorganisms of
economic importance.

WebPage

An interactive web page is being designed that would provide a user-friendly web site to be
hosted by ECOPORT. ECOPORT is a database not just a web site, designed and devoted entirely to inter
disciplinary integration of information to manage biodiversity. ECOPORT is sponsored by FAO, the
University of Florida and the Smithsonian National Museum of Natural History.

REHABILITATION/ ESTABLISHMENT OF RESOURCES

The upgrade of insect collections has already started in several of the MCs. The Ministry of
Agriculture (MoA) of T&T; Pest Management Unit of Grenada; The Institute of Jamaica and Belize
where the Agriculture Health Authority (BAHA) has been established. An attempt is being made in
Barbados to merge the insect collections now housed at MoA, CARDI and Barbados Museum and
Historical Society (BMHS).

CONCLUSION

How the activities of CARINET impact (positively) on regional phytosanitary development: The
Swiss based world Conservation Union — JUCN reported in a recent article that ‘alien’ species cause
considerable damage to the economy through reduction of crop and livestock yield and degradation of
freshwater and marine ecosystems. Among such pests mentioned- The Asian longhorn beetle on timber
in Canada, the Asian tiger mosquito, the erect prickly pear, the yellow Himalayan raspberry. We could
add to this list- Mealybugs - HMB and Papaya; citrus canker; coffee berryborer and coffee rust, black
sigatoka on bananas, lethal yellowing on coconuts, striga and since we are not only concerned with plants
mention must be made of foot and mouth disease and the spread of the Amblyomma tick.

If we are to strengthen our plant and animal quarantine services and have effective IPM
programmes, it is imperative that those operations be supported by capable taxanomic services to reliably
identify pests, discases, weeds and their natural enemies. This can only be achieved via trained
manpower, access to reference collections and relevant databases. In developing our database and web
site CARINET is intending to put technology in the hands of inspectors and extension officers so that the
phytosanitary needs of the Caribbean sub-rcgion could be met.
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POTENTIALITES DE PRODUCTION DE TUBERCULES A PARTIR DE BULBILLES ET DE
VITROPLLANTS CHEZ D. ALATA CV BELEP

Claude Zinsou, Université des Antilles et de la Guyane, Dépariement de Biologie, Campus de Fouillole,
BP 592, 97157 Pointe-a-Pitre Cedex, Guadeloupe F.W.1.

Pascale Bade et Victor Vaillant, Centre INRA des Antilles et de la Guyane, URPV — Laboratoire de
Physiologie et Biochimie végétales, Domaine Duclos, 97170 Petit-Bourg, Guadeloupe F.W.I.

RESUME: Nous avons réalis¢ une étude comparative de la production expérimentale de tubercules en
utilisant comme semences des bulbilles, des tubercules entiers de méme classe de poids (15-25g) et des
vitroplants. Nous obtenons en moyenne 1 tubercule par plante issue de bulbille ou de tubercule comparé a
7 tubercules pour les vitroplants. Le poids moyen des tubercules se situe entre 1.4 et 1.7 kg pour les
bulbilles ou les semenceaux, et est seulement de 0.2 kg pour les vitroplants. Le rendement moyen en
tubercules par plante est de 1.7, 1.8 et 1.4 kg respectivement pour les bulbilles, tubercules et vitroplants.
Le rendement en tubercules commercialisables (poids supérieur a 400g) est de 16.5 T pour les vitroplants,
entre 32.5 et 34 T pour les bulbilles ou les semenceaux, sur la base de 20 000 plants a I’hectare. De plus,
seuls les vitroplants générent plus de 25 000 tubercules utilisables directement comme semences (25-
100g) et plus de 20 000 tubercules (10-25g) potentiellement utilisables moyennant quelques précautions.

ABSTRACT: We carried out a comparative study of tuber production by using as planting materials,
bulbils, minisetts of same range of size (15-25g) and vitroplants. We obtained per plant an average
number of 1 tuber for the bulbils or minisetts and 7 tubers for the vitroplants. The average weight of
tubers harvested was between 1.4 and 1.7 kg for the bulbils or minisetts, and only 0.2 kg for the
vitroplants. The average tuber yield per plant was 1.7, 1.8 and 1.4 kg respectively for bulbils, minisetts
- and vitroplants. The yield in marketable tubers (weight higher than 400g) was 16.5 metric tons for
vitroplants, between 32.5 and 34 metric tons for bulbils or minisetts, based on 20 000 plants per hectare.
Moreover, only the vitroplants generated more than 25 000 seed yam (25-100g) usable directly and more
than 20 000 seed yam (10-25g) potentially usable after sprouting in adequate conditions.

INTRODUCTION

La production, en abondance, de semences saines et de qualité, exemptes de parasites et indemnes
de viroses doit répondre a plusieurs objectifs : (1) satisfaire les besoins des agriculteurs, (2) améliorer le
rendement de I’igname, (3) relancer la culture de certaines especes dans les régions ou elles sont en voie
de disparition, (4) éviter ou réduire le prélévement opéré sur la récolte de tubercules destinés a la
consommation. Plusieurs voies de production de matériels de plantation ont été¢ explorées. Ferguson
(1972), Vander Zaag et Fox, (1981) ont utilisé sans grand succes au champ des boutures de tiges. Okoli ef
al., (1982) ont mis au point, au Nigeria, une technique rapide de production de semenceaux (minisetts)
pour approvisionner les agriculteurs en matériels de plantation. Cette derniére technique a été ameéliorée et
utilisée a l’intéricur et a I’extérieur du Nigeria pour produire, a partir de minisetts, des tubercules-
semences entiers (Orkwoor, 1997). La multiplication clonale comporte I’inconvénient de perpétuer toute
I’histoire pathologique d’une variété malade.

Dés que des clones sains ont été obtenus souvent par combinaison de culture de méristéme et de
thermothérapie, les vitroplants sont devenus des matériels intéressants pour la production de tubercules-
semences. Il est méme envisagé, bien que leur manipulation soit délicate, de les utiliser au champ pour la
production de tubercules commercialisables mais peu d’études a ce jour ont été faites dans ce sens.

Les bulbilles n’ont pas retenu jusqu’ici I’attention des chercheurs. Ce sont des tubercules aériens
(Wickham et al., 1982). Chez D. bulbifera (igname & bulbilles), la bulbille est le lieu préférentiel de
stockage des glucides et, sous forme entiere ou fragmentée, constitue le principal sinon I’unique matériel
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de plantation (Degras ef al. 1977).

Chez D. alata cv Belep, nous étudions les facteurs de régulation de la formation des bulbilles. La
maitrise de la promotion des bulbilles chez les especes a tubercules qui peuvent en produire peut
constituer une voie alternative de production de matériel de plantation. Les premiers résultats de
production de bulbilles sont rapportés dans ce séminaire (Zinsou e/ al., 2001). Dans ce papier nous
rapportons les résultats d’une étude comparative de la production expérimentale de tubercules
commercialisables (poids > 400 g) a partir de bulbilles et de semenceaux de méme classe de poids (15-
25g) et de vitroplants. Nous avons voulu répondre a la question : les bulbilles et les vitroplants peuvent-ils
servir de matériels de plantation pour produire directement de gros tubercules (de consommation) ?

MATERIEL ET METHODES

Le matériel végétal utilisé dans cette étude est constitué d’une part, par des bulbilles et des
semenceaux de méme classe de poids (15-25g) et d’autre part, par des vitroplants de D. alata cv Belep.
Les bulbilles sont obtenues sur des plantes issues de fragments de tubercules de poids supérieurs a 50g.
Les vitroplants sont produits par multiplication in vitro, sur milieu de Murashige et Skoog additionné des
vitamines Morel et Martin, de bouture de tiges. Au bout de 45 a 60 jours, les plants sont repiqués sur des
pastilles de tourbe (jiffy pots) et sont transférés en salle d’acclimatation ou elles passent environ 3
semaines. La demniére étape consiste a les adapter progressivement aux conditions de champ avant
plantation. Les bulbilles et les tubercules récoltés en méme temps ont la méme durée de dormance et
germent a la méme période.

La plantation des différents matériels a été effectuée en avril sur un sol qui a re¢u un amendement
organique similaire & celui utilisé pour les cultures maraichéres. Chaque traitement comporte 100
bulbilles, 100 vitroplants et 40 semenceaux. Les billons sont espacés de 1 metre et les plantes sur le billon
sont distantes de 40 cm (ce qui équivaut a 25 000 pieds/ha). Pour une meilleure utilisation de la lumiere,
les plantes ont poussé sur des tuteurs hauts de 1.50m. L’expérimentation a été entiérement conduite sous
irrigation par aspersion correspondant a un apport d’eau journalier de 7 mm. Trois mois aprés plantation
chaque plante regoit au pied 40 g d’un engrais complet. A la fin du cycle les mesures de rendement ont
¢té effectuées sur I’ensemble des plantes correspondant a un traitement.

RESULTATS ET DISCUSSION

1 - Production de tubercules

Le nombre moyen de tubercules produits par plante est respectivement de 1.1 £ 0.1 pour les
bulbilles, 1.3 + 0.3 pour les semenceaux et 6.9 £ 0.8 pour les vitroplants. Une plante issue d’une bulbille
de Belep donne un tubercule, ce qui est le cas général lorsqu’on part d’un tubercule entier ou fragmenté
chez cette variété. En revanche les vitroplants ont la capacité de produire de multiples tubercules de taille
différente.

Le rendement moyen de tubercules par plante est de 1.7 & 0.3 kg pour les bulbilies, 1.8 + 0.4 kg
pour les tubercules et 1.4 + 0.1 kg pour les vitroplants. Pour 0=0.01, les valeurs ne sont pas
significativement différentes pour les bulbilles et les semenceaux de méme classe de poids. Le rendement
obtenu & partir de vitroplants semblent cependant plus faible. Ce phénomene est souvent observé lorsque
la répartition des assimilats se fait sur un plus grand nombre de tubercules.

Les résultats intéressants se situent au niveau du poids moyen des tubercules récoltés dans chaque
traitement. Le poids moyen des tubercules est de 1.5 + 0.3 kg pour les bulbilles, 1.4 + 0.3 kg pour les
semenceaux mais 0.20 * 0.03 kg, pour les vitroplants. Alors que le poids moyen par tubercule est
comparable pour les bulbilles et les semenceaux, il est significativement inférieur pour ceux provenant
des vitroplants.

Si I’on considére les tubercules commercialisables (poids supérieur a 400g), leur poids moyen est
de 1.7 kg pour les bulbilles et les semenceaux et de 0.8 kg pour les vitroplants. Sur la base de 20 000
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plantes a I’hectare le rendement est estimé respectivement a 32.6 t (97 %) pour les bulbilles, 34.6 t
(91.2%) pour les semenceaux et seulement 16.75 t (62 %) pour les vitroplants. Les valeurs entre
parenthéses représentent le pourcentage des tubercules commercialisables par rapport a la récolte totale.

2- Production de bulbilles et ou de tubercules semences.

Sur les plantes issues de bulbilles et de semenceaux de petits poids et celles issues de vitroplants
aucune production de bulbilles n’est constatée, ce qui confirme d’autres observations faisant prévaloir le
role du tubercule-meére qui doit disposer d’une quantité minimale de réserves glucidiques initiales. Ceci
semble ne pas étre le cas pour les bulbilles et les semenceaux et encore moins chez les vitroplants.
Contrairement aux bulbilles et aux semenceaux qui générent peu de tubercules de petit poids, 38 % de la
récolte issue des vitroplants sont constitués de tubercules de poids inférieur a 400g. Ceux de poids
compris entre 25 et 100 g, sont susceptibles d’étre utilisés directement comme semences. Ils représentent
environ 1.4 tubercules-semences par vitroplant. Un grand nombre de tubercules de poids < 25 g subsiste.
Leur utilisation est possible et nécessite au préalable leur prise en charge par une filiere d’élevage des
plants.

Les bulbilles et les vitroplants peuvent constituer des matériels de plantation intéressants pour la
production de tubercules commercialisables. Les rendements sont plus faibles mais non négligeables par
rapport a ceux obtenus a partir des semenceaux ou des tubercules-semences de poids plus élevé. Les
tubercules récoltés sont homogeénes et de taille relativement modérée, ce qui facilite la récolte qui peut
étre mécanisée, et réduit les dommages au moment de la récolte. Nous constatons une régularité de la
forme des tubercules, ce qui rejoint un souci de calibration. Cette exigence doit de plus en plus étre prise
en compte car aux Antilles frangaises 1I’igname n’est plus [’aliment de base comme dans d’autres sociétés.
I entre désormais comme une composante d’un régime dit varié. Le client achéte juste la quantité qu’il
lui faut pour un repas et si la taille du tubercule excéde ses besoins, il délaisse celui-ci pour un autre
tubercule, la pomme de terre par exemple. L’exigence de la calibration ira en s’affirmant car les
supermarchés prennent une part de plus en plus importance dans la distribution des produits agricoles.

Les bulbilles peuvent étre utilisées pour la production de tubercules commercialisables, calibrés
et de forme homogéne. Les vitroplants semblent avoir une double vocation, en générant en plus des
tubercules-semences.
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TABLEAU 1: Etude comparée de la production de tubercules a partir de différents matériels de plantation

chez D. alata cv Belep

Matériels de plantation Pl»l;l.’t;l;legs Sellge:r;;ezux Vitroplants
Nombre moyen de tubercules par plant 1.1 £0.1 1.3£0.3 6.9 £0.8
Rendement moyen de tubercules/plante (en kg) 1.7£0.3 1.8£04 1.4+0.1
Poids moyen des tubercules (en kg) 1.5+£03 1.3+0.3 0.20 +0.03
Poids moyen tub commercial (>400g) en kg 1.7 1.7 0.8
Rendement en T/ha (20 000 pieds /ha) 33.6 35.6 27.2
Rendement en T/ha de tub commercial 32.6 34.6 16.7
Nombre de tub-semences de poids 25-100g /ha 1410 1 500 28 100
Nombre de tub-semences de poids 10-25g /ha 0 0 19 800
Total 1410 1500 47 900
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INTEGRATED MANAGEMENT OF THE RED FIRE ANT (SOLENOPSIS INVICTA): A NEW
PEST IN ANTIGUA

Janil Gore, Florita Kentish, Brian Cooper, and Julie-Ann Laudat, Ministry of Agriculture, Lands and
Fisheries, Nevis and Temple Streets, St. John'’s, Antigua

ABSTRACT: The red fire ant was imported into Antigua several years ago and has now become a
serious pest. The ants are very aggressive and will invade houses and other structures. They sting without
provocation. Multiple stings have occasionally required hospitalization. Young livestock and small pets
have also been attacked. The presence of fire ants in crop fields interferes with field operations and the
ants are implicated in the spread of pink and papaya mealy bugs. The Ministry of Agriculture has begun a
programme to assist communities in managing the ant with a minimum of risk to human health and the
environment. A survey of all parishes in Antigua has established the extent of the problem and the target
areas for management programmes. Testing of control measures, including bio-agents and other organic
methods has been carried out. Tests have included commercial baits and spot treatments. The results of
these tests and consideration of fire ant behaviour have formed the basis for a number of integrated
management recommendations, which have been communicated to the public through brochures,
community meetings and the media.

INTRODUCTION

The tremendous rains which Antigua and Barbuda experienced in November 1999, when
Hurricane Lenny delivered over 20 inches of rain in a 24 hour period, caused widespread flooding,
serious erosion and landslides over most of the country. The flooded soils and floodwaters also brought
another problem to light. This was the fact that Antigna was now host to a particularly aggressive
reddish-brown ant, which made large, dome shaped nests in the soil and that were now very obvious in
pastures, gardens and waste ground around most of Antigua.

The Ministry of Agriculture began getting calls from concerned citizens, who had been stung or
who had had these ants invade their homes. There were numerous reports of ants attacking pets, or
getting into their food, inflicting severe injury to young animals and in some cases to children and older
adults. It was clear that the country had a serious new pest problem to deal with.

Initial observations of nesting behaviour, variable ant size and feeding preferences, as well as
structure of the ant itself, suggested that the new pest was none other than the red imported fire ant that
has caused so much misery and controversy in the Southern United States of America, since its
importation from Brazil in the late 1920’s or early 1930’s.

The Plant Protection Unit collected individual ants and specimens sent for identification to
various centres. Confirmation was received from the USDA-APHIS and CARINET that the new ant
species was, in fact, Solenopsis invicta, a species not previously recorded for Antigua and Barbuda.
Biology and Life History of the Red Fire Ant

Solenopsis invicta (Buren) (S. wagneri) (Hymenoptera, Formicidae, Myrmicinae) is native to
Brazil and was introduced into Alabama in the southern United States around 1930, probably carried in
soil used as ship’s ballast. Since then it has spread throughout the southern states and reached Puerto
Rico sometime between 1975-1984. The ant lives in large colonies of between 100,000 to 500,000
individuals. The colonies live in dome shaped nests in the soil. The domes are typically 20 to 30 cms
high and up to 40 cms in diameter. In favourable soil and in dry conditions, the nest may extend to 1
metre below ground and the queen usually occupies the lower regions of the nest. During dry weather, the
above ground structures are vacated and may be hard to detect.

The sterile female workers are of different sizes, ranging from 2-5 mm. Some tend the queen and
the brood, tasting her food before she eats. Other workers forage for considerable distances on the
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surface and in underground tunnels, which may stretch for 10 metres or more. Food is very varied and in
Antigua has been seen to include other insects, or parts of larger arthropods such as dead cockroaches or
ground spiders. Plant seeds, including discarded mango seeds as well as honeydew excreted from plant-
sucking insects such as aphids and mealy bugs are consumed. Fire ants have a particular preference for
fatty or oily foods and are often attracted to pet food. This preference is used to our advantage in the
formulation of baits.

Nests may have only one queen who lays all the eggs (monogyne colonies) or there may be
colonies with multiple queens (polygyne colonies) (Greenberg et al 1985). Winged females and males
are also produced, which swarm after wet weather and mate during flight. The white or pale yellow eggs
hatch in about 7-10 days and the larvae take a further 6-10 days before pupation. Adult workers emerge
9-15 days after this. A mature queen fed by workers can lay up to 800 eggs per day (Texas A&M
website).

Disturbed nests are frequently abandoned, the colony moving to another site. Where there are
multiple queens, the colony may split up and form several new colonies. A queen and a few workers can
start a new colony. Ant populations tend to be larger where colonies are polygynous and can reach 40 to
150 mounds per acre, with as many as 40 million ants per acre.

Development of Management Strategy for Antigua and Barbuda

It was quickly evident that a serious problem existed in Antigua following the extensive flooding
during Hurricane Lenny. It is not known when the fire ant was first introduced into Antigua. However,
the scale of the problem and the distribution of fire ants around the country revealed by the survey, to be
reported on later, suggest that it had been here for some while prior to 1999, but in much lower numbers.
Many persons believe that it may have entered Antigua as far back as 1995 after Hurricane Luis on relief
supplies.

A review of management experiences in the United States indicated that eradication was an
unrealistic objective and that management of the ant to reduce invasion of homes and attacks on pets and
livestock were a high priority. The focus on domestic environments also dictated that considerable care
should be given to the safety aspects of any management system recommended that involved the use of
chemical pesticides.

The Integrated Pest Management National Network Committee which was formed in June 1999
under the umbrella of PROCICARIBE and the Caribbean IPM Network set up a Fire Ant Sub-committee
in February 2000 to determine a management strategy. The committee was broad based and comprised
members of the Ministry of Agriculture (Plant Protection, Communications, Extension, Lands); Ministry
of Health (Central Board of Health); Ministry of Tourism and Environment (Environment Division);
CARDI; HCA and UWI. It was decided that the following activities were required to tackle the problem:

1. Conduct survey to determine the extent of the infestation and community needs

Obtain positive identification of the ant.

Validate available methods for management of the ant.

Develop a long-term management plan

Provide the public with practical and accurate information about how to deal with their ant
infestation problems.

The initial focus was on the domestic situation as this was the most pressing problem.
Three work groups were established to deal with: Public awareness; Strategy for management and
control; Survey and identification.

Various organisations, including FAO, WHO and CARDI were contacted to seck technical and
financial assistance.
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Execution of Management Programme
Survey of Ant Distribution

The survey was necessary to provide an accurate assessment of the distribution of the fire ant in
Antigua and Barbuda. It was hoped that this might provide some indication of the area of initial
introduction and also suggest arecas more favourable to its establishment.

METHODOLOGY

The Survey and Identification work group developed a survey questionnaire with the assistance
of CARDI’s biometrician and entomologist. It was decided to visit 1600 houscholds in 40 communities
in Antigua. Five teams consisting of 5 persons (1 plant protection, 1 Extension, 3 Health workers) were
established and visits were made in the afternoon between 3 p.m. to 6 p.m. Each team was responsible
for visiting 8 communities. Team members were provided with identification cards. Transportation was
provided by both the Agriculture and Health Departments. Conducting trial interviews at schools and
recreational areas, prior to the main survey, validated the questionnaire.

The questionnaire contained questions regarding number of ant mounds in person’s yards and
incidence, symptoms and severity of ant stings or injury to household members. Information was also
sought on whether treatment of the ants had been carried out and what treatments had been used.
Respondents were also asked to indicate what they thought should be done about the problem.

The survey was carried out during August/September 2000, after some delays in obtaining the necessary
resources due to financial constraints,

RESULTS

The survey completed 1596 interviews in forty communities widely spread over Antigua.
Barbuda was not included in the initial survey. The average number of mounds reported per household
was 2.66, but this number varied widely among different communities. Distribution: Table 1 shows the
distribution of mounds reported by each community. Highest average mound populations were found in
the central areas of Lightfoots (17.6), Clarke’s Hill (8.2) All Saints (8.1). Golden Grove, located to the
south of St. John’s was also high with a mound density of 7.6/household. Low levels of infestation were
reported in several eastern and southern coast communities as well as in the city of St John’s and some
surrounding areas. Highly urbanised areas would likely be unfavourable to the establishment of nests and
the high water table in St. John’s would also deter establishment. As would be expected, there was a
highly significant correlation between mound incidence and (a) injury incidence and (b) treatment of
infestations.  Attitudes to what should be done were highly variable and, rather surprisingly, did not
correlate significantly with levels of incidence or injury.

Treatment:
Some form of treatment was being used in all communities surveyed. Diesel oil, Sevin
(Carbaryl), hot water and fireant granules were the more popular treatments and were reported to be

effective at least 80% of the time. A partial list of treatments and perceived success rates are provided in
Table 2.

Injuries:
At least 5% and, in some communities, as high as 68% of persons reported being stung by the
fireant. Ant stings were reported to result in pus filled inflamed spots or blisters that sometimes left black

marks on the skin after healing. Some persons reported itching, swelling and occasionally an allergic
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reaction that required hospitalisation. In most cases, stings were treated with commercially available
insect bite preparations or alcohol-based products. Some doctor-prescribed, topical or oral medication
was also used.

Response:

The majority of respondents (72%) thought something should be done about the ant problem and
many suggested that the government should mount a programme to effect control. Many also thought that
it should also provide any chemicals to be used to treat the ants. Some persons suggested the need for
some kind of co-operation between government and the affected communities.

Additional survey of impact of fireants on agriculture

Subsequent to the distribution survey in late August/September 2000, a series of telephone
interviews was carried out in order to determine the effect of fireants on livestock. The information is
also based on reports of Livestock Officers. Quantitative information was not available for analysis.
Livestock officers reported seeing injury to kids and lambs since 1997 in the Bendals area and at Olivers
beginning in 1999. In other areas, such as Parham, Greencastle, Potters and Lindsay, injured kids lambs
and some cattle have been observed in 2000. Animals attacked by ants develop vesicles on their skin and
animals show reduced weight gains and become weaker.

The telephone interviews with livestock owners provided additional evidence of injury to
livestock in other areas. Details are provided in Table 3.

Evaluation of Alternative Strategies for Integrated Management

As indicated previously, the primary focus in the initial stages was to control the domestic
problem and there was considerable concern about the safety aspects and cost of any chemical used
around the home.

Consideration of the ant’s feeding habits and ability to move considerable distances in search of
food, as well as the frequency with which the ant forms new colonies, indicated that management on a
community basis would be necessary to achieve any degree of long term population control.
Nevertheless, the government was not in a financial position to mount a major countrywide programme.

The committee decided that the major components of a management programme should include
the following elements:

e Restrict spread of ants in soil or plant containers by careful inspection and treatment/fumigation.

Target: Nurseries

» Reduce food sources close to homes, schools and playgrounds. Garbage with food remains,
uneaten pet food and discarded containers with food residues are all attractants for fireants.

Careful attention to garbage and sanitation will reduce potential food sources that attract ants to

houses and school grounds. Target: Householders, Schools and Sports Clubs

e Spot application of safe insecticides to control ants inside the home and nests close to domestic
buildings.

® Treatment of individual mounds or broadcasting of bait in yards, lawns and pastures depending
on numbers and visibility of nests.

e Selection of optimum time for identification of nests and their treatment

The Fireant Committee undertook to make an assessment of information gathered primarily over
the Internet, regarding organic pesticide treatments, which might be suitable for treatment of ants in
sensitive areas. The committee also approached the agricultural supply stores in an effort to obtain
samples of the newer commercial baits and drenches specifically labelled for fireant control and to
encourage them to import these alternatives to the conventional organo-phosphates and carbamates, such
as chlorpyriphos, diazinon and carbaryl.
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Table 1. National Fire Ant Survey 2000- Average Number of Fire Ant Mounds per Household in
Communities Surveyed.

No. Location No. of No. Location No. of
Mounds Mounds

South Coast
| Old Road 0.7
2 Urlings 1.7
3 Johnsons Point 1.2 Central

West Coast 26 Potters 24
4 Bolans 1.6 13 Bellevue Hits. 4.0
5 Jennings 2.2 24 Gunthorpes 2.2
6 Bendals 1.8 25 Lightfoots 16.7
7 Golden Grove 7.8 27 Clarkes Hill 8.2
St. John’s & Surrounding Communities 30 All Saints 8.1
8 Cooks Hill 1.9 South Central
9 Green Bay 1.1 29 Liberta 4.5
10 Hatton 2.4 28 John’s Hughes 2.7
11 Perry Bay 0.8 31 English Harbour & Cobbs 1.1

Cross

12 Brown’s Ave. 1.7 33 Christian Hill 37
14 St. John’s City 0.5 South East
15  Point 0.8 32 Bethesda 1.2
17  Villa 3.0 40 Newfield 0.7
18  Dry Hill & Old Runaway 3.4 35 Mill Reef & St. Phillips 0.3
16  Mc Kinnons 0.7 34 Freetown 0.9
22 High Point 0.4 North East
23 Skerrits Pasture 0.8 38 Pares 2.1
North West 37 Seatons & Glanvilles 4.1
19 Cedar Valley 1.8 36 Willikies 1.6
20 Longfords 4.1
21 Barnes Hill 0.6

Table 2. Summary of most frequently used treatments as reported in the survey

Frequency No. times successful

Treatment Mentioned Number Percent No. Percent
Diesel Oil 449 44.5 382 85.1
Sevin (Carbaryl) 173 17.2 150 86.7
Hot Water 106 10.5 85 80.2
Fireant Killer/Granules 45 4.5 43 95.6
Household Insecticides 41 4.1 33 80.5
Gasoline 29 2.9 25 86.2
Diazinon 22 2.2 13 59.1
Kerosene 20 2.0 13 65.0
Gasoline & Kerosene 20 2.0 20 100.0
Used Lubricating oil 19 1.9 15 78.9
Pest Control Agency 16 1.6 13 81.3
Malathion 15 1.5 15 100.0
Soap Water 12 1.2 11 91.7
Household Bleach 9 0.9 8 88.9
Boric acid powder 7 0.7 6 85.7
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Table 3. Impact of Fireant on livestock in Antigua as reported by farmers in telephone interview.

Location Mounds/acre Animals  Animals No. Animals lost Comments
(Approx.) farmed attacked
North Sound  Not assessed Sheep Yes 10 All young
/goats animals lost
English >25 Goats Yes 6 (3%) Young animals
Harbour lost
Bethesda >20 Sheep, No 0 Puppy killed
goats
Bellevedere 8 in paddock Goats No 0 Pen paved
4 in paved pen
Vernons New  >40 in untreated Poultry Yes 2 adult birds & 4 Adults
Extension areas broilers (2-3 weeks  overwhelmed
6 in pen area old) while laying
Jolly Hill 20-30 (pen) Sheep Yes 1 (3%) Affected lamb
40 (area with dung rejected by
heap) mother
Lavington 16 Cattle No 0 Ants not a
Estate problem

Trial 1. Laboratory Test: Treatments were applied to 10 ants in glass jars using 3 replicates of each
treatment. Water alone was used as a control. A hot water extract of citrus peel was made and allowed to
steep for several days according to Drees. An additional treatment comprising the citrus extract plus
garlic and hot pepper (cv. West Indies Red) was also prepared. Treatments were sprayed on the ants in
the bottom of the container. The ants used were collected from several nests in different locations.

Table 4. Effect of in vitro spraying on survival of live ants

Elapsed Time (Hrs) Live ants observed (Percent of initial population)
Water alone Citrus peel extract Citrus peel+garlic+ pepper extract
0 100 100 100
1 100 100 0
2 100 93 0
3 100 83 0
24 73 20 0

Trial 2. Evaluation of treatments to ant mounds: This trial evaluated the effect of 4 treatments applied
directly to the ant mounds in the field. Treatments comprised Water alone (Control), Boiling Water
(approximately 100°C), Citrus peel solution and Boric acid/sugar solution bait. Approximately two litres
(0.5 gallons) of drench was applied to a nest. The boric acid bait was placed in a jar laid on its side near
the nest, with a small hole in its lid to allow ant access. Solution was changed every 7 days. Tests were
carried out at several locations in various parts of the country. Not all treatments were included in at each
location.

Ant activity was observed around the undisturbed nest up to 28 hours after application and scored
visually to determine ant survival. The results obtained are presented in Table 5 below.
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Table 5. Effect of direct mound treatments on live ant population observed

Elapsed Time Treatment
(Hrs) Water (Control) Hot Water  Citrus peel solution Boric acid/Sugar bait
0 + + + +
1 + - + +
2 + + + +
4 + + + +
7 + + + +(20)
14 + + + +(19)
21 + + + +(13)
28 + + + +(9)

Note: (+s) indicate numbers of ants present; (- ) = absence of ants

Trial 3. Chemical Treatments: A number of chemical treatments are recommended by universities and
state extension services in the southern United States where fireants have been researched for many years.
In recent years a number of new chemicals have been developed and labelled specifically for fire ant

treatment.

Table 6. Effect of chemical mound treatment on ant activity.

Treatment
Day Ascend (Abamectin) Demon TC (Cypermethrin) Fireant Killer (chlorpyriphos)
0 +++ +++ +++
1 +++ + ++
2 ++ - -
3 + - -
4

Note: (+s) indicate numbers of ants present; (- ) = absence of ants
Conclusions from product testing

Citrus peel treatments were generally ineffective unless combined with garlic and hot pepper (in
vitro test only). Hot water did reduce ant numbers temporarily but the reappearance of ants after 2 hours
suggests that the 2 litres of water used was insufficient to penetrate the nest adequately. Most
recommendations for boiling water treatment require 4 to 6 times this volume for full penetration of
sufficient hot water. Boric acid as with most baits took some time to reduce ant populations and was not
successful in obtaining complete removal of ants even after 28 days. However the bait had evidently not
caused the colony to vacate the site, which is a requirement for a successful bait.

The chemical treatments were all effective and reduced ant numbers to zero. Cypermethrin and
chlopyrifos acted quickly reducing numbers to zero in 24 hours. The abamectin bait acted more slowly,
as expected, and zero ant population was achieved in 4 days.

General Recommendations: Experience in Antigua so far suggests the following steps will reduce the

fireant problem to manageable proportions.

o Keep area clean and as free as possible of potential food items and spilt pet food should all be checked
regularly

s Regularly inspect for ant nests, particularly after heavy rains. Garbage cans and compost heaps are
particularly prone to attract fireants. If a few ants are seen foraging, but no trails are evident, some dry
dog food can be placed as bait and ant trails will usually be evident within a few hours. These can then
be followed to the nest, which can be spot treated.
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e For general treatment of an infested area, broadcast bait in dry conditions at the label recommended
rate. Nests near to domestic buildings or electrical installations can be spot treated immediately.

¢ In neighbourhoods heavily infested with fireants, repeat bait applications as soon as any re-infestation
is observed, taking special care to bait border areas. Where possible assist in organising community
management of fireant populations as this will greatly reduce re-invasions.

e Pesticide selection should be guided by human use of the area to be treated and threats to pets or
livestock. Baits used according to directions are usually safer than spot treatments as amount and
concentration of active ingredient is much lower. Table 7 lists some of the pesticides currently
labelled for fireant control in the United States with notes on recommended use.

Additional testing of other pesticides for ant control in different situations is needed. Baits offer
the best approach to reducing populations in school and sports grounds and in home yards or where ant
populations are large and spot treatment is impractical or nest location is difficult to determine. The cost
of baits is high but the amount used is small and much longer-term protection is afforded if applied
properly. Also where there is a problem with invasion from neighbouring properties, bait can help extend
control to nests of ants foraging from the adjacent property. Environmental contamination is much
reduced, as amounts of active ingredient per hectare are very small. Spot treatments can be used where
the nest population is less than five per 0.1 ha lot or to treat rogue nests that escape the baiting. The best
time for spot treatment is after heavy rains when nests are active near the surface and easily visible.
Organic treatments such as boric acid baits can be used with care in the home as a preventive treatment.

Public Awareness: Since the inception of the sub-committee, considerable emphasis has been placed on
providing information for the public. Activities included interviews with Ministry of Agriculture
professional staff on national television and evening community meetings to explain the management
options and promote sound community action to manage the fireant. A factsheet was produced and
distributed at these meetings. Also a video was obtained from Texas A & M University and used to
illustrate management options. Meetings were attended by members of the Central Board of Health and
by some agrochemicals suppliers who had made efforts to obtain some of the recommended pesticides.
Opportunity as taken to discuss proper use of pesticides and the dangers they present if not properly
stored and handled.

Current Situation and Future Needs: Currently, the fire ant situation is at a relatively low level, due to the
prolonged drought, which has weakened many colonies and driven them deep under ground. Foraging is
now largely at night. However, as soon as the rains return, a new upsurge in house invasions and attacks
on animals and people is expected. The work done by the sub-committee has been very valuable in
assessing the situation and raising awareness, and providing information on safe fireant management.
However, there is still much that is not known about the situation. What has happened to the native ant
population? What are the best ways to manage the ant without damaging native species or the rest of the
environment? Are there indigenous materials that can be used to formulate local baits? Many of these
questions cannot be answered without financial support, which is very limited in the country right now.
The ant is present in Puerto Rico. Is it or will it become a regional problem? Should there be a regional
approach to this highly aggressive insect?

Lessons Learned: The approach to managing the fireant situation has proved to be quite successful, in that
the broad based approach right from the start, enabled the co-ordination of and access to a range of
resources that would not have otherwise been available and facilitated activity despite very limited
funding. The community approach was taken from the start and although there has not been significant
development of co-ordinated community action to manage the fireant, there is a much greater
appreciation of what to do to manage it safely. The involvement of agrochemicals suppliers has also been
helpful in encouraging their participation and support, though it would have been good to see a much
wider rage of materials made available for testing and public evaluation. The crisis in late 1999/early
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2000 showed that responding quickly to such biological crises was very difficult in the absence of any
financial resources budgeted for emergency response measures. The lessons leamed in handling the
fireant situation have helped to generate a swifter response to the arrival of other exotic pests {the Pink
Mealybug (Maconellicoccus hirsutus) in 2001},
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EVALUATION OF THE EFFICACY OF NEW CHEMISTRIES FOR CONTROLLING MAJOR
LEPIDOPTERA PESTS ON VEGETABLE AMARANTH IN JAMAICA
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State University , Department of Entomology, State College, PA 16802

ABSTRACT: Vegetable amaranth (callaloo), Amaranthus viridis, a popular vegetable in Jamaica with
increasing economic importance for export is attacked by numerous phytophagous pests. Among the major
species are Lepidoptera: Pyralidae. (Spoladea recurvalis and Herpetogramma bipunctalis) and Noctuidae
(Spodoptera exigua, S. frugiperda and S. eridania). Growers currently rely on insecticides applied usually
every 8 days, which results in indiscriminate use of insecticides, and field failures of insecticide applications
have been observed. Initial investigative data suggest pyrethroid resistance. Block trials were conducted over
two growing seasons to compare the efficacy of four lepidoptera specific biorational pesticides Proclaim®
55G (emamectin benzoate), Confirm® 2F (tebufenozide), Spintor® 2SC (spinosad) and Ecozin®
(azadirachtin) with the farmer standard, Karate® (lambda cyhalothrin) in control of major lepidoptera species.
The modes of action and efficacy are discussed. Results indicate that spinosad gave the best protection
against the lepidoptera complex, reducing insect damaged losses by (77.66% and 95.83%) over season I and
II respectively. Tebufenozide and emamectin benzoate also gave superior control compared to the farmer
standard.
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DISEASE PREVALENCE AND PESTICIDE USAGE ON SELECTED CROPS IN TRINIDAD
AND TOBAGO — A REVIEW OF THE PLANT DISEASE DIAGNOSTIC RECORDS (1990-2000)
OF THE PLANT PATHOLOGY DEPARTMENT, MINISTRY OF FOOD PRODUCTION AND
MARINE RESOURCES.

M. Fortune, A. St. Hill, A. Dilbar, S§. Chow, S. Gosine, and H. Gibbs, Plant Pathology Department,
Research Division, Ministry of Food Production and Marine Resourses, Centeno via Arima P.O.,
Trinidad and Tobago

ABSTRACT: As a consequence of the diagnostic function of the Plant Pathology Department, Ministry
of Food Production and Marine Resources, a database of the important diseases of crops grown in
Trinidad and Tobago has been developed over the years. This database is compiled from records of plant
samples collected from surveys, field visits and plant clinics conducted by the staff of the department, and
specimen submissions from farmers, extension officers and home gardeners. In this paper, 1967
diagnostic entries, representing 27 selected crop species from six families for the period 1990 to 2000,
were reviewed. Data were analyzed to determine the prevalence and distribution of diseases, causal agents
and crop species affected. Seasonal and annual variations of disease incidence are discussed. Results
indicated that 28.8% of recorded health problems were associated with fungi while bacteria, viruses and
nematodes accounted for 23.2%, 13.9% and 1.2% respectively. Health problems with undetermined
actiology accounted for 8.2% of reports. The Solanaceaec was the family most prone to disease. The
records revealed a high use of pesticides, emphasizing the need for an Integrated Crop Management
(ICM) approach to plant health.

INTRODUCTION

Disease is defined as ‘harmful deviation from normal functioning of physiological processes.’
(Johnston and Booth, 1968). Diseases in plants are caused by a number of agents, including living agents
(nematodes, fungi, bacteria, viruses, mycoplasma, protozoa) and non-living agents (poor agronomic
practices, physical damage, chemical damage, inbreeding, unknown factors). It is estimated that there are
80,000 — 100,000 plant diseases, some of which have caused severe economic and human loss throughout
history (Fortune, 1994). In the period 1845-1851, for example, the potato famine in Ireland caused by the
fungus Phytophthora infestans resulted in the loss of one million lives and mass migration from Ireland.
Early and accurate diagnosis of plant disease can help prevent crop losses and reduce expenditure on crop
protection measures by providing the most appropriate and cost effective management procedures in a
timely manner. A plant disease diagnostic facility is therefore an important component in any successful
agricultural sector.

The Plant Pathology Department of the Research Division, Ministry of Food Production and
Marine Resources, Trinidad and Tobago, has for many years offered a plant disease diagnostic service to
its clients (farmers, extension officers, home gardeners, researchers and the public at large). This service
is supplied free of charge and is the only one of its kind in the country. With a high demand for this
service, the department has developed into a major diagnostic center for plant diseases. In managing the
information generated, an extensive database of diseases found on agricultural, horticultural and forestry
plants in the country has been developed.

This database is compiled from information obtained from samples collected from field visits,
surveys and plant clinics by staff of the department and specimen submissions from clients. In this paper,
data on 27 selected food crops belonging to the families Compositae, Umbelliferae, Leguminosae,
Cruciferae, Cucurbitaceae and Solanaceae were examined. The objectives of this paper were to determine
(a) the frequencies of host and pathogen reports and the effects of rainfall, acreage planted and distance
from the diagnostic center on these frequencies and (b) trends in pesticide use on the various hosts. The
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data were extracted from records over the last L1 years (1990-2000). Because of the critical and
monopolistic role this department plays in the diagnosis of plant disease, it was assumed that the database
reflects the major pathogenic problems experienced in Trinidad and Tobago on these selected crops.

MATERIALS AND METHODS

Information on diseased specimens is collected on Plant Disease Identification Record forms
(Appendix 1). Apart from general information on grower’s name, address, host plant and symptoms,
information on cropping patterns and agronomic practices, including pesticide usage, is also recorded.

The food crops selected for this study were as follows:

Family Common Name Botanical Name
Compositae Lettuce Lactuca sativa
“ Cabbage Brassica oleracea var. capitata
“ Cauliflower Brassica oleracea var. botrytis
* Broccoli Brassica oleracea var. italica
* Pak-chot Brassica chinensis
Cucurbitaceae Cantaloupe, Musk melon Cucumis melo
“ Canillie Momordica charantia
“ Christophine Sechium edule
“ Cucumber Cucumis sativus
“ Loukie, Gourd Lagenaria siceraria
“ Pumpkin Cucurbita moschata
« Squash Cucurbita pepo var. melopepo
“ Watermelon Citrullus lanatus
“ Zucchini Cucurbita pepo var. medullosa
Leguminosae Bodi Vigna unguiculata
“ Salad bean, Beans, Contender bean, Phaseolus vulgaris

Red bean, String bean, Harvester bean
* Jack bean Canavalia ensiformis
“ Pigeon pea Cajanus cajan
“ Seim Lablab niger
Solanaceae Cherry pepper Capsicum annuum var. cerasiforme
“ Bird pepper Capsicum frutescens
“ Hot pepper Capsicum annuum var. abbreviatum
“ Melongene Solanum melongena
« Pimento Capsicum annuum var. longum
“ Sweet pepper Capsicum annuum var. grossum
« Tomato Lycopersicon esculentum
Umbelliferac Celery Apium graveolens var. dulce

Botanical names taken from Purseglove, J.W. Tropical Crops Dicotyledons. Publs. Longman, UK, 1968

Diagnostic records on these forms are also stored electronically using Microsoft Excel. Data for
the period 1990-2000 were analyzed using SPSS statistical program to produce frequency and cross
tabulation information with respect to host plant, pathogen, location, year, month and pesticide usage.
Graphpad Instat 3.05 statistical package was used for correlation analyses and t-tests.

The Central Statistical Office (CSO) of Trinidad and Tobago supplied data on annual crop
acreage planted in the country for the period 1991 to 1998. For an analysis of the relationship between
disease incidence and rainfall, precipitation records (1990-2000) for Piarco from the Meteorological
Office of Trinidad and Tobago were used. The months during the period 1990-2000 were divided into dry
(less than 100 mm) and wet (100 mm or more). There was a total of 53 dry and 79 wet months. Unpaired
t-tests (with Welch corrections) were performed on frequency data in these two categories for fungi,
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bacteria and viruses. For nematodes, the Mann-Whitney test was used instead because the data did not
follow a Gaussian distribution.

Causal agents were classed as follows: fungus, bacterium, virus, nematode, unknown and other.
The class ‘Other’ included agronomic, physiological, phytotoxic and entomological problems as well as
incomplete diagnoses because of poor specimen material.

A comparison of report frequencies by county was done by measuring distances as a straight line
from the geographic center of the various counties to the diagnostic center in Centeno and these figures
were correlated with reports received.

RESULTS AND DISCUSSION

1. Host plant.

The frequencies of specimen submissions and causal agents in the various host families and
species are presented in Table 1. With a total of 1967 specimen submissions, 2380 causal agents were
diagnosed, as individual samples frequently suffer from more than one health problem. The Solanaceae,
with 62.8% of the total number of causal agents diagnosed, was the family recorded most often followed
by Cucurbitaceae (14.2%), Leguminosae and Cruciferae (8.7% each) with Umbelliferae and Compositae
being recorded 3.3% and 2.3% of the total respectively. The three most susceptible crops, tomato (717
health problems), hot pepper (380) and sweet pepper (223) were solanaceous crops. Cabbage, watermelon
and bodi each had over 100 records of causal agents and were the leading crops for health problems in
their respective families. Cabbage was recorded more often than the other crucifers (cauliflower, broccoli
-and pak-choi) combined. A similar situation existed with bodi, which was recorded more than the other
legumes (salad bean, jack bean, pigeon pea and seim) combined. Watermelon, with 131 health problems,
accounted for 38.8% of the cucurbit records while pumpkin was the second most recorded host in this
family with 63 (18.6%) causal agent entries.

It was not possible to determine whether host frequency was related to the number of
farmers/home gardeners cultivating the crops, as data on individual farmer activity are lacking. However,
data on total acreage planted on a national level, obtained from the CSO, showed no significant
correlation to frequency of health problems (» = -0.0037, p = 0.9817, Figure 1). Tomato problems, for
example, were consistently recorded six times more often than pumpkin although pumpkin was planted
on acreages two or more times greater than tomato. These results suggest health problem frequency may
depend on crop susceptibility more than crop popularity. It is plausible to assume, for instance, that the
Solanaceae showed the highest incidence of disease because the family is most prone to health problems.
Data on farmer numbers would still be needed, however, to confirm this hypothesis as many small
farmers may have a greater demand (with different frequency profile) on a diagnostic facility than few
large farmers.

2. Causal agent.

Fungi were associated with more plant health problems than any other causal agent with 686
diagnostic entries (Table 1). Fungi were also the most widespread pathogens, affecting every family
significantly with Compositae having 33, Cruciferae 52, Cucurbitaceae 193, Leguminosae 83, Solanaceae
285 and Umbelliferae 40 entries. Of the 27 host species considered, only four had no fungal record
(cauliflower, loukie, cherry pepper and bird pepper). Loukie, cherry pepper and bird pepper each had just
2 specimen submissions for the 11-year period under study.

The major fungal genera encountered are recorded in Table 2, where genera with a frequency of
five percent or more of total fungal entries are shown. Corynespora had the highest frequency (16.1%),
limited to eight hosts while Colletotrichum had the second highest frequency (15.1%) spread over 16 host
species. Colletotrichum was considered the most problematic fungus of the food crops, affecting more
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hosts than Corynespora. Other major fungal genera were Cercospora (13.5%, 11 host sp.), Rhizoctonia
(9.7%, 14 host sp.) and Sclerotium (8.2%, 12 host sp.).

Corynespora and Cercospora cause foliar diseases in a range of food crops. Colletotrichum is
responsible for many anthracnose diseases causing lesions on aboveground organs (including leaves,
flowers, fruits, stems). Rhizoctonia and Sclerotium are associated with diseases of underground organs
and ground level stem areas, resulting in wilt symptoms, though they both can also occur on aboveground
organs.

Bacteria were also recorded frequently (551 reports, Table 1). They were not as widespread as
fungi with respect to host families or species. There were no records among the Compositae or
Leguminosae while only six were found among the Cucurbitaceae. Bacteria mainly affected two families,
the Solanaceae (464 records) and Cruciferae (69 records). Umbelliferae had 12 records. Fourteen host
species had no bacterial problems.

The major bacterial genus encountered was Ralstonia, with 47.8% of bacterial entries but this
genus was found exclusively on the Solanaceae. Xanthomonas, associated with three families, accounted
for 37.8% of bacterial entries while Pseudomonas (on three families) and Erwinia (on 2 families)
accounted for 9.4% and 4.9% respectively (Table 2).

Ralstonia is the causal agent for bacterial wilt disease of the Solanaceae. Xanthomonas causes
foliage lesions, chiefly on crucifers (black rot) and solanaceous crops (bacterial spot). Pseudomonas spp.
also causes leaf spotting on crucifers (peppery leaf spot), celery (bacterial blight) and tomato. Erwinia is
often associated with rotting symptoms of plants.

The viruses were recorded 331 times but were confined to three families, Cucurbitaceae (11
records), Leguminosae (49) and Solanaceae (271). Cucumber mosaic, potato virus Y, tobacco mosaic and
unidentified viruses belonging to the potyvirus group were detected in tomato and hot pepper samples.
Cowpea severe mosaic virus was detected in samples of bodi.

There were just 28 entries for nematodes. They occurred on 5 families making them more
widespread in this regard than bacteria or viruses.

Fungi, therefore, seem to cause more health problems as a whole to food crops than other
pathogens because of the large numbers of records and the widespread nature of the problems among the
various host species.

There were 194 entries of unknown aetiology spread through all six families. The category
‘Other’ includes entomological and agronomic problems. This category does not reflect total level of
entomological or agronomic problems on crops in Trinidad and Tobago as other departments in the
Research Division handle these problems and possess their own diagnostic records. However, the
frequency of problems under this heading (24.8% of total health problems, Table 1) brought to the Plant
Pathology Department reflects the ease at which farmers and other clients can erroneously diagnose plant
health problems and emphasizes the need for an adequate diagnostic facility.

3. Annual and geographic variation.

Annual variation in frequency of reports (Figure 2) showed a marked increase from 1997 to 2000
compared with the period 1990-1996 and may be due, in part, to a number of factors, including increased
disease incidence, increased awareness of farmers of the services offered by the Plant Pathology
Department and increased vigilance of staff of the Research and Extension divisions.

There was a very significant correlation between county distance and frequency of reports (Figure
3) with the correlation coefficient » = -0.81 and p = 0.0081. St George East, the county in which the Plant
Pathology Department is located, had the highest number of reports (598) followed by Caroni (508) and
St. George West (375), the two other counties in close proximity to the department. The counties furthest
from the department, St. Patrick, Mayaro and Victoria had 7, 88 and 126 reports respectively (Figure 4).
There were 17 samples from the island of Tobago. Travel distance, therefore, has a significant and
negative effect on the reporting of plant health problems to the department.
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Distance plant disease diagnosis via the Internet can reduce the time required for getting data
from the field to diagnostic centers and removes the impediment of travel distance. This data transfer is
accomplished by the use of digital cameras to take photographs of field problems, and stereoscopes and
microscopes with attached digital cameras to capture and send detailed images of disease symptoms.
Though this system of diagnosis will not be as accurate as the examination of actual specimens by
pathologists, it reduces the time and the human resources required to bring samples to centers and can
supplement sample submissions from remote areas. An improved and upgraded system like this will also
allow for more flexible communication between the agricultural extension officer, the grower and the
staff at the Plant Pathology Department. This improved communication will facilitate the dissemination
of information on control measures and Integrated Crop Management (ICM) strategies, another function
of the Plant Pathology Department related to its diagnostic service. An improved and upgraded system
will result, therefore, in reduced time for diagnosis and control of plant disease problems and a more
detailed and complete database of the plant health situation in the country.

4. Rainfall.

Table 3 shows the results of the comparison of diagnostic records during wet and dry months.
There was an extremely significant difference with bacteria (3.15 and 4.86 mean records in the dry and
wet months respectively), and a significant difference with nematodes (0.40 and 0.09 respectively). Fungi
and viruses showed no significant difference in incidence with rainfall.

Many plant pathogenic fungi are hydrophilic. Fortune (1998) demonstrated that a minimum of
five hours of surface moisture was required for germination of Colletotrichum spores, the most pervasive
fungus recorded. The lack of a significant difference in fungal records between wet and dry months may
be explained by the use of irrigation systems, which, while providing adequate water for plant growth,
also provide adequate moisture for fungal germination, penetration and establishment during the dry
months.

Nematodes, though showing a significant preference for the dry season, were recorded in too
small numbers (28 records for the 11 year period) to reach any definite conclusions. However, it is
expected that during periods of drought, nematode problems will be exacerbated.

The positive response of bacteria to rainfall is indicative of the fact that the most common genera
reported (Ralstonia, Xanthomonas and Pseudomonas) are almost completely dependent on rain splash and
free movement of ground water for their dispersal. Moisture is also necessary for their multiplication.

5. Pesticide Usage.

Pesticide usage is widespread among the farming population in Trinidad and Tobago (Lopez ef
al. 1995; Lopez et al. 1996). Of the 1967 specimens received 1447 (73.6%) were reported to have been
treated with at least one pesticide (Table 4). Four hundred and eighty three specimens (24.6% total) were
treated with three or more pesticides. Of these, 281 had three or more insecticides and 304 had three or
more fungicides applied to them. Specimens subjected to at least 6 pesticides, including 3 types of both
insecticide and fungicide numbered 102 (5.2% total specimens). A total of 2345 fungicide and 2329
insecticide entries were recorded during 1900-2000.

The level of human health problems caused by pesticides depends on a number of factors,
including the types and quantity of pesticide applied, timing of application with respect to harvest date
and plant organs consumed. Table 5 compares the mean number of pesticides used on various crops.
Pigeon pea and salad bean were subjected to the smallest range of pesticides having means of 0.8
(maximum 3) and 1.1 (maximum 4) pesticides per submission respectively. The plant organ consumed
with pigeon pea (the seed) is protected from the external environment by a pod. The crop cycle ranges
from four months for some varieties of pigeon pea to over one year. Chemicals applied, therefore, may
leave little or no residue on the organ for consumption. Celery and cabbage, on the other hand, were
subjected to the largest number of pesticides, 2.7 (maximum 8) and 2.9 (maximum 9) per submission,
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respectively. The organ consumed in both cases is the foliage, which is exposed to the external
environment, and the crop cycles of both are relatively short, from 1.5 to 3 months depending on variety.
The results on Table 5, therefore, raise some concern about the number of chemicals used, especially on
these two leafy vegetables.

With respect to pesticide type, the most commonly used insecticide was Tambo®, a mixture of
profenofos and cypermethrin (10% of total insecticide records with LDsy of 358 mg/kg and 251-4123
mg/kg respectively) (Tomlin, 1994). (Table 6). The insecticide/nematicide/acaricide oxamyl (9%), which
has an extremely low LDs, of 5.4 mg/kg was second in frequency of use. Other commonly used
insecticides were alpha-cypermethrin (8.2%; LDsy 79-400 mg/kg), methomyl (5%; LDs, 17 mg/kg),
diafenthurion (5%; LDsy 2068 mg/kg) and diazinon (4.6%; LDs 300-400 mg/kg.

Several fungicides have been used in disease management (Table 6). Copper fungicides (31.9%
of total fungicide records) were the most frequently used. Other common fungicides included
chlorothalonil (17.6%), benomyl (10.7%), mancozeb (10.1%) and etridiazole (4.9%). Fungicides were
generally less toxic than the insecticides, having LDs, ratings of 700 mg/kg and over.

The category ‘Other’ included 34 fungicides and 56 insecticides, each with a record frequency of
less than 3% of its group total.

Because of the type of information recorded on the diagnostic forms with respect to pesticides, it
was not possible to ascertain whether the appropriate chemicals were used on the crops or whether they
were used in the correct manner. However, with 73.6% of specimens being treated with pesticides, some
of which are extremely toxic, the use of at least six pesticides on 5.2% of submissions and with the
frequent use of pesticides on some short-term, leafy vegetables, training in ICM methods should be
provided to all involved with food crop production to avoid the risk of environmental pollution and
human health problems.

The development of pesticide testing facilities within the Ministry of Food Production and
Marine Resources will also assist in reducing the problem of pesticide abuse. Acceptable pesticide residue
levels on agricultural products are now mandatory for international trade. Routine checking of growers’
produce by a pesticide testing facility will not only safeguard local consumers and the environment, but
will also help growers in their efforts to produce acceptable products for export and so increase their
competitiveness on the international market.

CONCLUSIONS

The Solanaceae was most prone to disease problems, with tomato, hot pepper and sweet pepper
being the species submitted most often to the Plant Pathology Department for diagnosis. Cabbage,
watermelon and bodi were the most susceptible species in the Cruciferae, Cucurbitaceae and
Leguminosae respectively.

Fungi were the most common pathogen reported among food crops both in terms of number of
records and diversity of hosts. Bacterial diseases affected the Solanaceae and Cruciferae and, to a lesser
extent, Umbelliferae. Bacterial disease incidence was significantly enhanced by wet environmental
conditions, while fungal and viral frequencies were not.

Although there has been a greater demand for the diagnostic services of the department in the last
four years, travel distance acts as a deterrent to the submission of specimens to the department. This
problem can be relieved to some extent by the introduction of improved communication systems in the
department and Extension Division using up-to-date information technology.

Pesticide usage on food crops has signaled the need for education among growers on the safe use
of pesticides and ICM methods. Some leafy vegetables, especially celery and cabbage, were subjected to
the greatest incidence of pesticide use among the food crops, which suggests some level of abuse, with
the attendant human and environmental problems. The development of pesticide testing facilities for
routine testing of pesticide residues on agricultural products will also assist in reducing the overuse of
chemicals and increase the size of the market of local produce by making agricultural products more
acceptable internationally.
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Table 1. Frequency of specimen submissions and causal agents (health problems) recorded at the Plant
Pathology Department on 27 food crops during the period 1990-2000.

Total % Grand

Specim causal Total of

Family Crop submitted  Causal agent (FHealth problems) agent causal

Bact Fun Vir Nem Unk  Oth agent
Compositae ~ Lettuce 53 0 33 0 1 4 17 55 2.3
Cruciferae Cabbage 118 45 30 0 0 26 30 131 5.5
“ Cauliflower 15 9 0 0 0 4 5 18 0.8
“ Broccoli 13 10 3 0 0 1 3 17 0.7
“ Pak-choi 36 5 19 0 0 3 13 40 1.7
Cruciferae Sub-Total 182 69 52 0 0 34 51 206 8.7
Cucurbitaceae Cantaloupe 9 0 7 0 0 0 4 11 0.5
« Carillie 31 0 30 0 2 3 6 41 1.7
“ Christophine 10 0 14 0 0 1 2 17 0.7
“ Cucumber 41 2 42 0 2 2 7 55 2.3
“ Loukie 2 0 0 0 0 0 2 2 0.1
“ Pumpkin 53 3 25 3 0 5 27 63 2.6
“ Squash 8 1 6 1 1 1 3 13 0.5
“ Water melon 106 0 68 6 2 7 48 131 5.5
“ Zucchini 5 0 1 1 0 1 2 5 0.2
Cucurbitaceae Sub-Total 265 6 193 11 7 20 101 338 14.2
Leguminosae Bodi 94 0 46 44 | 7 18 116 4.9
* Salad bean 46 0 23 4 0 10 17 54 2.3
“ Jack bean 1 0 2 0 0 0 1 3 0.1
“ Pigeon pea 17 0 5 0 0 3 13 21 0.9
“ Seim 12 0 7 1 1 2 3 14 0.6
Leguminosae Sub-Total 170 0 83 49 2 22 52 208 8.7
Solanaceae Cherry pepper 2 0 0 1 0 0 1 2 0.1
“ Bird pepper 2 0 0 1 0 -0 1 2 0.1
“ Hot pepper 287 69 88 112 4 18 89 380 16.0
“ Pimento 62 17 20 17 0 2 16 72 3.0
“ Sweet pepper 186 91 33 12 3 16 68 223 9.4
“ Melongene 94 41 14 0 1 5 37 98 4.1
B Tomato 595 246 130 128 6 59 148 717 30.1
Solanaceae Sub-Total 1228 464 285 271 14 100 360 1494 62.8
Umbelliferae Celery 69 12 40 0 4 14 9 79 33
Total 1967 551 686 331 28 194 590 2380

% Grand Total 23.2 28.8 13.9 1.2 8.2 24.8

Key: Bact=Bacterium, Fun=Fungus, Nem=Nematode, Oth=Other, Specim=Specimen, Unk=Unknown,
Vir=Virus
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Figure 1. Correlation between annual acerage of five crops planted in Trinidad during 1991-1998 and
number of health problems diagnosed by the Plant Pathology Department. The linear correlation r=-
0.0037. p=0.9817 (not significant).

Table 2. Major genera of fungi and bacteria recorded at the Plant Pathology Department on six host
families (27 food crop species) during the period 1990-2000 and the number of host families and species

affectcd by each genus.

Class Genera % Class total # Host tamilies # Host species
affected affected
Fungi Corynespora 16.1 4 8
“ Colletotrichum 15.1 5 16
* Cercospora 13.5 6 [
* Rhizoctonia 9.7 5 14
« Sclerotium 8.2 3 12
“ Phytophthora 7.9 2 6
“ Pseudoperonospora 6.9 1 8
“ Alternaria 5.1 4 6
« Didymella 5.0 ] 7
Bactera Ralstonia 47.8 I 5
« Xanthomonas 37.8 3 8
“ Pseudomonas 9.4 3 6
“ Erwinia 4.9 2 6
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Figure 2. Frequency of specimen submissions (reports) received by the Plant Pathology Department for
1990-2000.
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Figure 3. Frequency of specimen submissions versus distance (km) from the Plant Pathology Department,
Centeno during the period 1990-2000. r = - 0.81, p = 0.0081(very significant), slope = -0.065.
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Table 3. Mean frequency of records for fungi, bacteria, viruses and nematodes during wet (100 mm or
more rainfall) and dry (< 100 mm rainfall) months 1990-2000. Rainfall data taken from Piarco.

Pathogen Dry months Wet months  Unpaired t (df) p value Remarks

Fungus 5.64 4.77 1.527 (95) 0.1301 Not significant
Bacterium 3.15 4.86 3.985 (129) 0.0001 Extremely significant
Virus 2.85 2.28 0.997 (73) 0.3220 Not significant
Nematode 0.40 0.09 3.078 (64) 0.0256 Significant

Table 4. Frequency data on pesticide usage on 1967 food crop specimens recorded at the Plant Pathology
Department, Centeno (1990-2000).

Item Number Percentage of total
specimen submissions

Specimens treated with pesticide 1447 73.6
Specimens treated with 3 or more pesticides 483 24.6
Specimens treated with 3 or more fungicides 304 15.5
Specimens treated with 3 or more insecticides 281 14.3
Specimens treated with 3 or more of both fungicides and 102 5.2
insecticides

Table 5. Mean number of pesticides applied to various food crops at the time of submission to the Plant
Pathology Department at Centeno during the period 1990-2000. SEM = Standard Error of Mean.
Minimum number of pesticides applied was zero for all crops.

Crop Submissions Mean # of pesticides per submission Maximum # applied
(SEM)

Pigeon pea 17 0.8 (0.25) 3
Salad bean 46 1.1 (0.17) 4
Lettuce 53 1.9 (0.26) 6
Pak-choi 36 1.9 (0.26) 6
Pumpkin 53 1.9 (0.23) 6
Carillie 31 2.0 (0.41) 7
Cucumber 41 2.0 (0.28) 6
Pimento 62 2.0 (0.25) 8
Bodi 94 2.2 (0.23) 10
Melongene 94 2.3 (0.23) 9
Hot pepper 287 2.4 (0.13) 11
Sweet pepper 186 2.4 (0.15) 11
Cauliflower 15 2.5 (0.38) 5
Water melon 106 2.6 (0.23) 10
Tomato 595 2.6 (0.10) 10
Celery 69 2.7 (0.25) 8
Cabbage 118 2.9 (0.23) 9
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Table 6. Frequency of use and toxicity of fungicides and insecticides recorded on 27 root crops at the time
of submission to the Plant Pathology Department, Centeno during the period 1990-2000. Percentages are
from 2345 fungicide records and 2329 insecticide records.

Pesticide Common name % Total group Acute oral LDsy mg/kg (rats)
group record

Insecticide ~ Profenofos/cypermethrin mixture 10.0 358/251-4123
« Oxamyl 9.0 5.4

“ Alpha-cypermethrin 8.2 79-400

«“ Methomyl 5.0 17

«“ Diafenthurion 5.0 2068

«“ Diazinon 4.6 300-400

«“ Other (56 insecticides) 58.2

Fungicide  Copper 31.9 700-800

«“ Chlorothalonil 17.6 > 10000

“ Benomyl 10.7 >10 000

“ Mancozeb 10.1 > 5000

«“ Etridiazole 4.9 > 1028

“ Other (34 fungicides) 24.8
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Figure 4. Counties in Trinidad showing distance (km) from the diagnostic center of the plant Pathology
Department at Centeno and number of specimens received (reports) over the period 1990-2000.
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NEMATODOS FITOPARASITQS ASOCIADOS A MALEZAS EN DIFERENTES
LOCALIDADES DE LA REGION SUR DE LA REPUBLICA DOMINICANA

Patricio de la Cruz, Programa Nacional de Proteccion Vegetal, Estacion Experimental San Cristobal,
Apdo. 24, Instituto Dominicano de Investigaciones Agropecuarias (IDIAF) Republica Dominicana

ABSTRACT: Tomando como referencia los cultivos mas importantes de varias zonas agricolas, se
estudié la relacion existente entre los nematodos y las malezas que se presentan; para tales fines
consideramos los parametros, frecuencia e incidencia. En todas las provincias consideradas se tomaron
muestras en las zonas agricolas mas importantes. Las observaciones se realizaron sobre las malezas:
Acanthospermun hispidium, Amaranthus dubius, Amaranthus spinosus, Argemone mexicana, Borreria
laevis, Boerhavia erecta, Commelina diffusa, Cenchrus echinatus, Cleome viscosa, Cyperus rotundus,
Digitaria sanguinalis, Echinocloa colonum, Euphorbia heterophilla, FEuphorbia hirta, Euphorbia
glomifera, FEleusine indica, Lepidium virginicum, Oxalis violaceae, Pseudoelephatopus spicatus,
Rottboellia exaltata, Sida acuta, Sida rombifolia, Sorgum halepense, Solanum americanum, Trinfetta
rhomboidea, Jatropha gossypifolia, Parthenium hysterophorus, Croton lobulado, Portulaca oleracea,
Panicum maximum. Estas fueron listadas por su densidad e identificadas previamente, luego se colectaron
muestras de suelo y raices totalmente al azar dentro del cultivo. Para la identificacion y estudio de los
nematodos procesamos el suelo con el método de “Tamizado - Embudo de Baermann” y las raices con
“Licuadora - Embudo de Baermann”. Los resultados obtenidos mostraron la presencia de los géneros de
nematodos mas importantes para los cultivos como son: Meloidogyne sp, Pratylenchus sp,
Helicotylenchus sp, Rotylenchus reniformis, Aphelenchoides sp, Ditylenchus sp y Trichodorus sp. Las
malezas que demostraron mayor presencia de nematodos fueron: Euphorbia heterophilla (85%), Digitaria
sanguinalis (69%), Echinocloa colonum (69%), Eleusine indica (77%), Portulaca oleracea (69%) y
Commelina diffusa (54%) para la zona de San Cristobal; en la provincia Peravia: Amaranthus dubius y
Euphorbia heterophilla (76.92%), Commelina diffusa y Cyperus rotundus (69.22%), Parthenium
hysterophorus (64.54%) y Eleusine indica (61.54%); en la zona de Azua: Cyperus rotundus (38.9%),
Echinocloa colonum (74.5%) y Parthenium hysterophorus (21.1%).
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SCREENING COWPEA ACCESSIONS FOR THE SEASONALLY DRY HEAVY CLAY SOILS
OF THE US VIRGIN ISLANDS

Elide Valencia and Manuel Palada, University of the Virgin islands, Agriculture Experiment Station, RR
2 Box 10,000, Kingshill, VI 00850 '
B. B. Singh, IITA, Kano Station, Nigeria

ABSTRACT: Cowpea [Vigna unguiculata (1) Walp] is adapted to well-drained soils and is also drought
tolerant. It is primarily used as a pulse crop. It is such a versatile crop with multiple uses [i.c., vegetable
crop (both for the green young leaves, shoots and the green peas)], cover crop, and also as forage. Little
information is available on its adaptation to heavy clay soils. The objective of this research was to
characterize 25 cowpea pure lines for seedling vigor (i.e., plant height), dry pod yield, forage dry matter
(DM) and tolerance to high pH soils (pH>7.5). Replicated field studies were conducted on a mildly
alkaline Fredensborg clay (fine carbonatic, isohyperthermic, Typic Rendolls, Mollisol) in 2000. Average
plant height ranged from 24 to 62-cm at 56-d after planting. Days to floral initiation ranged from 36 to
62-d after planting, indicating a high variability among lines. Pod yield differed (P<0.05) among lines,
with highest pod yield for line IT97K-437-8 (450 kg ha™). Forage yield also differed among lines
(P<0.05) with DM vyields exceeding 3,500 kg ha™ for line IT90K-277-2. Twelve lines exhibited high
seedling vigor, excellent forage and seed yield, and low symptoms of iron deficiency. These were
selected for further evaluation.

INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp] is a valuable, multiple-use legume, that thrives in dry
environments (300 mm rainfall). It is cultivated primarily for use as a pulse. In fresh form, the young
leaves, immature pods and peas are used as vegetable. This plant also has potential for use as a cover
crop, and for forage (Quinn, 1999).

The International Institute of Tropical Agriculture (IITA) maintains a collection of more than
15,000 lines of cultivated cowpea and 1,500 accessions of wild cowpea relatives in their gene bank (IITA,
1997). They are the main distributers of cowpea germplasm lines.

Annual global production of cowpea is estimated to be over 3 million tons (Food Agriculture
Organization; FAO, 1999). Area planted surpass 12.5 million hectares, 8 million of which are planted in
Central and West Africa. Brazil and the West Indies have the most significant production of cowpea in
Latin America.

Several cowpea breeding lines have been developed and tested by IITA (2000). They reported
major differences between varieties for grain and fodder yields under poor soil fertility. The performance
of cowpea lines on heavy clay, and high pH soils is unknown. Twenty five cowpea lines originating from
IITA were established to determine seedling vigor (i.e., plant height), pod yield, and forage yield.

MATERIALS AND METHODS

Twenty-five cowpea lines (Table 1) were evaluated at the Agriculture Experiment Station,

University of the Virgin Islands, St. Croix. Soil type was a mildly alkaline Fredensborg clay (fine
carbonatic, isohyperthermic, Typic Rendolls, Mollisol) with pH of 8.3.
Replicated plots (complete block) were used for this study. Plot size was 2.5 X 5-m and distance between
plots was 1-m and 2-m between blocks. Three rows of each line (0.5-m between rows and 0.25 within
row/plants) were planted on 1 June 2000. Plots were irrigated for 3-d to ensure a uniform germination.
Rainfall was sufficient thereafter, so no irrigation was needed.
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Experimental variables included (i) stand germination (number seedlings m™ of row; on a %
basis) 5-d after planting; (ii) bi-weekly seedling height 2-wk after emergence up to 8-wk; (iii) days to
floral initiation; and (iv) pod and forage yield in 1 m”. Forage from 1-m’ sections of the center rows of
each plot was clipped to determine fresh weight. Subsamples (500 g) were obtained and dried in a 60 F
forced air oven for 72 hrs. These samples were used for calculating DM concentration and DM yield.

Data were analyzed using analysis of variance in the (eneral Linear Model of SAS (1989).
Seedling vigor was determined using repeated measure analysis of variance to show time trend
interactions (Littel, 1986). All effects with probability levels >0.05 were considered not different. Mean
comparison was made with F-protected LSD.

RESULTS

Field germination (%) of cowpea accessions ranged from 20 to 100% (Table 1). A uniform
germination occurred 5-d after planting. Rainfall (21 mm) in June 2000 did not affect growth of cowpea
lines and no moisture stress was observed on the plants during the study (E. Valencia, visual
observations).

Table 1. Field germination (%) of cowpea line accessions evaluated at St. Croix, US Virgin Islands in
2000.

IITA cowpea lines Germination (%)
1 IT81D-994 80
2 IT82D-716 20
3 IT86D-719 80
4 IT87D-914 90
5 IT89KD-288 40
6 IT97K461-4 100
7 IT82E-16 40
8 IT89KD-391 80
9 IT86D-715 80
10 IT90K-76 40
11 1T94K-437-1 93
12 IT96D-733 80
13 IT97K-1042-8 90
14 IT81D-985 35
15 IT90K-82-2 30
16 IT86D-721 35
17 IT89KD-374-57 60
18 IT9SK-627-34 : 60
19 IT95K-1491 40
20 IT90K-277-2 50
21 IT86D-716 35
22 IT93K-452-1 60
23 IT95K-222-5 60
24 IT96D-724 90
25 IT97K-1129-51 60

There was significant difference (P<0.05) on seedling vigor. Plant height ranged from 12.7 cm
(IT82E-16) to 20.6 cm (IT87D-914) 2-wk after planting (Table 2). At 8-wk the tallest plant was line
IT95K-627-34 (62 cm). Days to floral initiation varied. Line IT93K-452-1 flowered 37 d after planting.
Some cowpea lines flowered as late as 62-d after planting, indicating a wide variability among lines.
Crauford et al. (1996) noted that in latitudes where photo-periods ranged from 10 to 16 h d' and
temperature range of 19 to 30C, the mean days to flowering were from 32 to 140 d for 17 photo-period
sensitive cowpea genotypes. Dry pod yield of cowpea lines was significantly different (P<0.05). The
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most productive cowpea line was IT97K-1042-8 (433.7 kg ha™), followed by IT86D-719 (226 kg ha™).
Forage yield also varied (Table 3). Dry matter yield of IT90K-277-2 (3560 kg ha™') was superior to all
other lines. Pod yield of this line, however, was very low (46.8 kg ha™).

Table 2. Seedling vigor and days to floral initiation of 25 cowpea lines evaluated in St. Croix US Virgin
Islands in 2000.

IITA cowpea lines Plant Height (cm) Inflorescence
2-wk 4-wk 6-wk 8-wk d
1 IT81D-994 18.0 22.9 27.6 45.2 -
2 1T82D-716 13.1 20.6 26.4 39.0 42.0
3 IT86D-719 16.1 24.3 31.0 38.6 43.5
4 IT87D-914 20.6 29.5 41.5 51.6 53.0
S IT89KD-288 18.2 27.4 44.8 58.3 --
6 1T97K461-4 18.0 23.5 33.8 39.2 435
7 IT82E-16 12.7 23.2 37.2 46.0 47.0
8 IT89KD-391 15.2 25.7 38.2 46.0 -
9 IT86D-715 14.4 20.3 26.0 31.1 47.0
10 IT90K-76 15.7 27.1 32.9 43.4 43.0
11 1T94K-437-1 16.4 20.2 20.3 24.8 40.0
12 1T96D-733 18.0 26.5 36.6 45.5 -~
13 IT97K-1042-8 14.5 23.9 33.7 42.4 57.5
14 IT81D-985 13.1 24,3 37.6 49.7 -
15 IT90K-82-2 12.8 24.5 37.2 47.5 62.5
16 IT86D-721 14.5 21.0 342 44.1 53.0
17 IT89KD-374-57 17.5 22.5 28.6 354 -
18 IT95K-627-34 14.7 23.6 45.2 62.6 43.0
19 IT95K-1491 15.2 24.0 36.8 53.0 40.0
20 IT90K-277-2 14.1 24.3 36.6 448 43.5
2] IT86D-716 14.9 23.6 34.8 423 55.5
22 IT93K-452-1 14.9 23.7 35.8 46.1 36.0
23 IT95K-222-5 16.1 28.3 42.0 52.7 62.0
24 IT96D-724 15.6 26.7 38.9 53.2 --
25 1T97K-1129-51 15.4 24.3 34.1 46.4 40.0
LSD 35 4.7 13.5 14.7 11.4
CONCLUSIONS

Twelve lines exhibited high seedling vigor, excellent forage and seed yield, and low symptoms of
iron deficiency. These lines were selected for further evaluation. Cowpea lines also exhibited high
drought tolerance, as evidenced by the low amount of rainfall received in June (21 mm). The selected
cowpea lines can serve for a dual purpose in the US Virgin Islands. It can be an excellent forage for small
ruminant livestock and the grains can be used for human consumption. Its potential for use as a cover
crop and inter-cropping with cereal grains and root crops should be assessed.
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Table 3. Pod and forage yield of 25 cowpea accessions evaluated at St. Croix US Virgin Islands in 2000.

HITA cowpea lines Pod yield Forage yield
kg ha -

| IT81D-994 - 1094
2 IT82D-716 138.5 1122
3 IT86D-719 226.0 1325
4 IT87D-914 50.2 3047
5 IT89KD-288 - -
6 IT97K461-4 150.6 1075
7 IT82E-16 134.1 1847
8 IT89KD-391 - -
9 IT86D-715 28.7 2020
10 IT90K-76 95.8 2246
11 [T94K-437-1 23.2 571
12 IT96D-733 -- -
13 IT97K-1042-8 433.7 1860
14 IT81D-985 -- -
15 IT90K-82-2 - -
16 IT86D-721 17.4 2091
17 IT89KD-374-57 -- -
18 IT95K-627-34 154.6 3206
19 IT95K-1491 197.2 1700
20 IT90K-~277-2 46.8 3561
21 IT86D-716 115.1 2273
22 IT93K-452-1 209.4 1498
23 IT95K-222-5 -- --
24 IT96D-724 = -
25 IT97K-1129-51 252.8 268
SE* 113 1122
LSD 381 1220

+SE=Standard error
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DEVELOPMENT OF BREEDING LINES FROM THE HOT PEPPER CULTIVAR, WEST
INDIES RED

Herman V. Adams and Derek D. Sisnett, Caribbean Agricultural Research and Development Institute,
Graeme Hall, Christ Church, Barbados

ABSTRACT: The hot pepper cultivar, “West Indies Red.” was described. Three breeding lines were
extracted from this popular cultivar in order to develop lines with more uniform berry shape, size and
colour. These lines were compared to the parental population and described showing differences only in
berry quality upon which selection pressure was applied. The next round of the Single Seed Descent
selection procedure will be applied to ensure further homozygosity for berry colour, shape and size.

INTRODUCTION

The hot pepper cultivar, “West Indies Red” (Capsicum chinense Jacquin) was selected by
CARDI-Antigua (Cooper1989) who distributed quality seed to producers in several Caribbean countries
and also exported to Africa. Both the domestic and foreign markets prefer the berry quality that is
reminiscent of the cv. Scotch Bonnet for which premium prices are paid. The West Indies Red displays
comparatively the highest level of general adaptability to the agro-ecological conditions of the Caribbean
where it is found to be tolerant to viral diseases (Geminiviruses, TEV and PVY) and insect pests.

However, the exporters of fresh berries, in particular, find that the berries of the West Indies Red
are too heterogeneous in shape, size and colour. The task, therefore, is to improve this cultivar by making
the berries more uniform in these characters.

MATERIALS AND METHODS

In 1996, breeder's seed of the selection, West Indies Red, was obtained from CARDI-Antigua. An
observation plot of 7,000 individuals was planted on one half hectare in Barbados. The Capsicum
Descriptors (JPGRI et al 1995) were applied to describe the cultivar. About 10% of the plants in the plot
was sampled at random and described.

In 1997, an isolated plot of one hectare was planted and simple recurrent mass selection was
applied for berry shape, colour and size just before full maturity. Three different lines based on these
three characters selected.

In 1998, the three different lines were planted into three separate plots and selection was
continued for the same three characters.

In 1999, the lines were again planted and the most robust, prolific and typical plants were
selected. Single flower isolations were made to ensure selfing and berries were harvested singly. This was
in preparation for the next round of the Single Seed Descent (SSD) selection procedure (Allard 1960).

Simultaneously with the above, a comparative trial was carried out on the three lines and their
parent population. The design used was a randomized 4x4 Latin square replicated twice. The treatments
were therefore replicated eight times. All field operations were evenly applied over the experimental
plots. The last harvest was completed on 15 September 1999. The data were subjected to the analysis of
variance using the MINITAB statistical software (MINITAB 1996).

RESULTS AND DISCUSSION
The cultivar, West Indies Ked, was described. The Capsicum Descriptors are presented in Table
1. This cultivar in Barbados exhibited very high levels of general adaptability, tolerance to pest and

diseases, possessed high pungency and unique organoleptic qualities. The mean dimensions of the berries
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were 3.8 cm long x 3.21 cm wide and 84 - 100 berries weighed a kilogram. There was a mixture of shapes
of berries; about 10 - 15% had the equatorial fold of the Scotch Bonnet, and the rest were elongate,
lantern shaped, some were blocky while others were oblong. There were many colours and hues on the
berries at full development just before full maturity. Some were very pale green to cream, very dark
green, some with a purple blush or splash on the shoulders and others light green. This wide variability in
berry shapes and colours lent itself to the extraction of breeding lines based on these characters. Three
lines were differentiated and named ‘Caribbean Green,” ‘Caribbean Red’ and ‘Caribbean Purple.” Some
of the more important Capsicum Descriptors of the three lines, are presented in Table 2. The main visual
difference between the lines was in the colour of the berries just before full maturity. They were as
follows: ‘Caribbean Red’ — cream; ‘Caribbean Purple’ - purple splash on light green; ‘Caribbean green’ -
deep, dark green.

The berries of all the lines turned red upon full maturity. The berries within each breeding line
were of more uniform shape, size and colours than the parent population, ‘West Indies Red.” The three
breeding lines did not differ significantly from ‘West Indies Red’ in the characters of total number of
berries per plant, mean plant height, mean canopy width and mean berry weight. Significant differences
were observed in mean length and mean width of berrics (Table 3). The longest berry (4.07 cm) was
borne by the ‘Caribbean Purple’ and the shortest (3.77 cm) by the ‘Caribbean Red.” The blockiest berry
where the width was almost the same as the length was observed on the ‘Caribbean Red’: the mean berry
length was 3.77 cm and the mean width was 3.14 cm. The ‘Caribbean Purple’ and cv. West Indies Red
were equal in berry width which was significantly narrower than that of the ‘Caribbean Red’ and the
‘Caribbean Green.’

It was very important to confirm that the three breeding lines were the same as the ‘“West Indies
Red’ in plant ideotypic and yield characters. This meant that selection gains were made in the desired
directions of berry colour, shape and size.

Work will continue along the SSD procedure in order to fix berry colour, size and shape in the
breeding lines until maximum homozygosity, hence uniformity, is reached. Selection between and within
progeny rows from selected berry types should lead to the desired uniformity and stability by the Si-S¢
generations. An effort will be made to accelerate cultivar development by producing 2-3 generations per
year.

CONCLUSIONS

The extraction of three breeding lines from the hot pepper cultivar, West Indies Red, progressed
up to the point of single fruit selection after three cycles of simple recurrent mass selection. The lines
differed from the parental population only in the desired characters of berry colour, size and shape. The
next step is SSD to attain the highest level of homozygosity and uniformity in berry colour and shape.
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Table 1. A description of the cultivar West Indies Red (Capsicum chinense Jacq.) according to some main

descriptors.
Plant descriptor State
Stem colour Biennial
Nodal anthocyanin Green
Stem shape Green
Stem pubescence Cylindrical
Plant height Sparse
Plant growth habit 66-100 cm
Plant canopy width Intermediate between prostate and erect
Branching habit 85 cm
Leaf colour Dense
Leaf shape Green
Lamina margin Ovate to lanceolate
Leaf pubescence Entire
Sparse
Infloresence descriptor State
Days to flowering 65 days

Number of flowers per axil
Flower position

Corolla colour

Corolla spot colour
Corolla shape

Corolla Jength (mm)
Another colour

Another length (mm)
Filament colour

Filament Jength (mm)
Stigma exsertion
Infloresence descriptor
Male sterility

Calyx pigmentation

Calyx margin

Calyx annular constriction
Fruit descriptor

Fruit colour at intermediate stage
Fruit set

Fruit bearing (number of days from first

fruit set to lfast fruit formation)
Fruit colour at mature stage
Fruit shape

Fruit length (cm)

Fruit width (cm)

Fruit weight (g)

Fruit pedicel length (cm)

Fruit wall thickness (mm)

Fruit shape at pedicel attachment
Neck at base of fruit

Fruit shape at blossom end

Fruits cross-sectional corrugation

Plant descriptor
Number of locules
Fruit shape

Fruit surface

Ripe fruit persistence
Pedicel with stem
Pedicel with fruit

Placenta length

Seed description

Seed colour

Seed surface

Seed size

Seed diameter (mm)

1000 seed weight (g)

Number of seeds per fruit

Range 1-5; mode 2; mean 2-3
Intermediate between pendant and erect
Greenish white

None

Rotate

1-5

Bluish

1-1.2

White

|

Slightly exserted

State

Absent

Absent

Intermediate

Present

State

Light green; dark green, purple blush and cream
High

240-360

Red and dark red

A mix of campanulate and blocky shapes with a small percentage
carrying the equatorial fold of the Scotch Bonnet parent
3.8

3.21

10.80

1.9

1.5-2.5

Truncate, cordate and lobate

Absent

Blunt, sunken, sunken and pointed types

Intermediate

State

34

A mix of campanulate and blocky shapes with a small percentage
carrying the equatorial fold of the Scotch Bonnet parent

Smooth

Intermediate
Intermediate
Va-Y2 fruit length
State

Straw

Smooth
Intermediate

3

4.5

20-50
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Table 2. Description of the 3 breeding lines extracted from cv West Indies Red in 1999 at Graeme Hall,

Barbados.

Descriptors Caribbean Green Caribbean Red Caribbean Purple

Shape of berry Blocky Cylindrical Blocky

Length of berry (cm) 3.76 4.2 4.6

Width of berry (cm) 332 2.8 39

Weight of berry (g) 12 13 8.8

Berries/kg 85 89 100

Berries/lb 38 40 45

Colour of unripe berries Deep dark green Pale light green Green with a purple
blush

Colour of ripe berries Deep dark red Light red Dark red

Berries/node 2 2 2

Berries/plant/picking 32 33 33

Fruit stalk length (cm) 2.7 22 2.8

Stalk persistence on

Intermediate

Intermediate

Intermediate

plant

Stalk persistence on Persistent Persistent Persistent
berry

Fruit wall thickness (mm) 2.6 1.2 2
Locules/berry 4 4 4

Exocarp smoothness Very smooth Smooth Smooth
Corrugation of berry Corrugated Corrugated Corrugated
Calyx margin Intermediate Intermediate Intermediate
Calyx annular ring Present Present Present
Plant height (cm) 80.66 79.52 71.21
Plant width (cm) 97.6 97.38 95.27

Leaf shape Ovale Ovate Ovate

Leaf length (cm) 9.55 11.60 10.10

Leaf width (cm) 4.1 4.9 4.1

Leaf pubescence (abaxial) Sparse Sparse Sparse
Leaf pubescence

(adaxial) Sparse Sparse Sparse
Leaf pubescence pattern Uniform Uniform Uniform
Leaf pigimentation Green Green Green
Stern shape Cylindrical Cylindrical Cylindrical
Stem pigmentation Green Light Green Green
Stem pubescence pattern Sparse Sparse Sparse
Stem pubescence pattern Sparse Sparse Sparse
Nodal pigimentation Green Green Green
Growth habit [ntermediate Intermediate Intermediate
Days to emergence Seven Seven Seven
Days to transplanting Thirty-five Thirty-five Thirty-five
Plants/ha/ac (000) 30-40/12-16 30-40/12-17 30-40/12-18
Days to flowering 39 39 39

Days to harvest 80 80 80

Harvest duration

(months) >6 >6 >6

Table 3. A comparison between West Indies Red and three breeding lines in a varietal test grown in 1999
in Barbados

Total No. Mean Mean width Mean Mean length  Mean width
Treatment fruits/plant  height of of plant weight of of fruit of fruit
plant (cm) (cm) fruit (g) (cm) (cm)
Caribbean Purple 227.40 77.27 95.27 10.4 4.07 3.05
West Indies 236.20 76.68 96.79 10.26 3.91 3.05
Caribbean Red 228.90 79.51 97.38 10.59 3.77 3.14
Caribbean Green 222.67 80.24 97.58 12.36 3.97 3.12
SEM (df=18) 11.09 1.46 1.42 0.69 0.06 0.04
P 0.857NS 0.280NS  0.662NS  0.146 NS 0.018%* 0.293NS

NS = not significant, ** = significant
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YIELD PERFORMANCE OF TOMATO CULTIVARS GROWN UNDER ORGANIC
MANAGEMENT SYSTEM

Manuel C. Palada and Allison M. Davis, Agricultural FExperiment Station, University of the Virgin
Islands, RR2, Box 10,000, Kingshill, St. Croix, U.S. Virgin Islands 00850

S.M.A. Crossman, Cooperative Extension Service, University of the Virgin Islands, RR2, Box 10,000,
Kingshill, St. Croix, U.S. Virgin Islands 00850

ABSTRACT: On-farm trials were conducted during the spring season of 1999 and 2000 to evaluate the
yield performance of tomato (Lycopersicon esculentum Mill.) cultivars grown under an organic
management system. In 1999, twelve cultivars: ‘Bonita’, ‘Celebrity’, ‘Colonial’, ‘Empire’, ‘Floramerica’,
‘Joker®, ‘Liberty’, ‘Merced’, ‘Mountain Pride’, ‘Olympic’, ‘Pilgrim’ and ‘Sunmaster’ were grown under
an organic management system consisting of mulching with grass straw, fertilizing with cow manure and
using organic pesticides for insect control. Similar cultivars were evaluated in spring 2000, but due to
lack of seed, ‘Bonita’ and ‘Liberty’ were replaced with cultivars ‘Keepsake’ and ‘Mountain Fresh’. In
1999, significant differences (P<0.05) in tomato fruit yield were observed among cultivars. Marketable
yield ranged from 28.5 t ha” for cultivar ‘Pilgrim’ to 43.8 t ha™ for ‘Sunmaster’. The top three cultivars
with yields of over 40 t ha! were ‘Sunmaster’, ‘Bonita’, and ‘Empire’. ‘Sunmaster’ also produced the
highest total number of tomato fruits (233,000 ha™). Significant yield differences were also observed in
2000. Marketable fruit yield in 2000 ranged from 20.0 t ha™ for cultivar ‘Olympic’ to 38.6 t ha™ for
‘Merced’. The top four cultivars were ‘Merced’, ‘Mountain Pride’, ‘Sunmaster’ and ‘Keepsake’. Tomato
fruit worm was the major insect pest affecting most cultivars. The organic pesticides used were not very
effective in controlling fruit worms. This study indicates that cultivars ‘Bonita’, ‘Empire’, ‘Keepsake’,
‘Merced’, ‘Mountain Pride’ and ‘Sunmaster’ are suitable for tomato production under an organic
management system.

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is a very popular crop among small-scale growers in the
U.S. Virgin Islands (USVI). Although tomato ranks first in importance, about 90 percent is imported
from the U.S. mainland. Local production is not sufficient to meet increasing demands. The 1992 Census
of Agriculture (U.S. Dept. of Commerce, 1995) reported a total production of 45,003 kg (99,006 lbs)
harvested from 37 farms with a combined area of 14.98 ha (37 acres). In 1998, production dropped to
11,283 kg (24,823 lbs) harvested from 54 farms with a combined area of 10 acres (U.S. Dept. of
Commerce, 2000). This represents a 75 percent decrease in production over previous years. The USVI
imports most of the tomatoes from the U.S. mainland and neighboring Caribbean islands (Pearrow, 1992).

Tomato is a high management crop because it is very susceptible to damage by insect pests and
diseases. Growing tomato in the USVI with minimum pest control usually results in reduced yields.
Although the climate of the Virgin Islands is favorable for year-round tomato production, growers are
confronted by a number of production constraints associated with crop management practices. The major
constraints are high cost of production (labor and production inputs such as fertilizers and pesticides),
limited water resources for irrigation and an inefficient marketing system. The cost of inputs constitutes a
major expenditure in vegetable production. Reducing the use of these inputs would cut production cost
and increase economic returns to vegetable growers. In addition, the environmental impact of toxic
pesticides can be minimized if growers would use other options, such as organic methods, to produce
vegetables. Sustainable crop management systems encourage efficient use of local resources, thereby
reducing dependency on external and imported inputs.

Sustainable vegetable production can be achieved in the USVI by adopting a combination of
sound crop management strategies including the use of cultivars adapted to low production and

154



management inputs. These cultivars have high tolerance to pests and diseases as well as efficient in
utilizing soil nutrients. To develop a sustainable and profitable vegetable production enterprise, growers
must be able to meet market demands in terms of vegetable cultivar preferences, volume, quality and
seasonal requirements. There is little information on sustainable crop management practices and cultivars
for USVI vegetable growers. Palada et al.,, (2000) reported that eggplant can be grown successfully
without the use of chemical fertilizers and pesticides. Information on new and improved vegetable
cultivars adapted to low-input sustainable crop management practices is lacking. There is a need for
continuous screening of new vegetable varieties developed and released by seed companies and research
institutions to provide growers with information on promising varieties. Most of these new varieties are
grown under high management inputs and may not perform well under low-input systems of limited-
resource growers.

Tomato cultivar evaluation has been a continuous and on-going activity under the vegetable
variety evaluation project at the Agricultural Experiment Station, University of the Virgin Islands.
Results of tomato variety evaluation trials have been summarized in several reports (Collingwood et al.,
1992; Navarro, 1982; Ramcharan, 1981; Petersen, 1987; Palada et al., 1993; 2001). These trials were all
conducted using high-input crop management practices. The objectives of the studies presented in this
paper were to: 1) evaluate the performance and adaptability of tomato cultivars under low-
input/sustainable production systems; and 2) select superior cultivars in terms of yield stability, pest and
disease tolerance and quality for commercial production and home gardening.

MATERIALS AND METHODS

The trials were located on farmer=s field in Estate Glynn, St. Croix, USVI (lat. 17°42'N, long.

64°48'W). The soil is a Glynn gravelly loam (clayey, skeletal, mixed, superactive, isohyperthermic, typic
argiustoll) as described by Lugo-Lopez, et al. (1998). Average rainfall is 1015 mm per year. The field
trials were planted on 9 February 1999 (first season) and 26 January 2000 (second season).
Twelve cultivars were evaluated for each season. All cultivars were hybrid with determinate plant type
and are recommended for spring season production except cultivar Sunmaster, a heat-tolerant tomato
recommended for summer planting. Seeds of all cultivars were obtained from Otis S. Twilley Seed Co.,
Inc., South Carolina.

The cultivars were planted in plots consisting of three rows 7.3 m long and spaced 1.2 m apart.
Each plot measured 3.6 m x 7.3 m or 26 m’. Plants were spaced 0.61 m within rows. All plots were drip
irrigated to maintain soil moisture tension at -20 kPa. The experiment was established using a
randomized complete block design with three replications. The organic management system consisted of
application of dehydrated cow manure (2-1-2), applying organic and botanical sprays such as Dipel, M-
Pede, Rotenone, and Bioneem. Cow manure was applied at the rate of 26 kg/plot (10 t.ha”). All plots
had dry guinea grass (Panicum maximum) straw mulch applied in a 15 ¢m thick layer.

Data on plant height, number of fruits, fruit size, and fruit yield (total and marketable) were taken
at each harvest. In 1999, samples were harvested seven times on April 20, 23, 26, and 28 and on May 3, 7,
and 10. Only six harvests were taken in 2000 (April 5, 11, 19, 26, and May 3 and 8). All data were taken
from a harvest sample of 10 plants in the middle row. Fruit quality attributes such as percent soluble
solids (brix) and pH were determined at harvest, from random samples. Visual field observations were
performed on the incidence of pests and diseases during the early plant establishment, active vegetative
growth and bloom stage. Plant height and stem diameter were measured only during the first harvest.
Data were analyzed for statistical significance using the SAS program.
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RESULTS AND DISCUSSION
Plant Height and Stem Diameter

Average plant height and stem diameter are presented in Table | for the 1999 and 2000 trials. In
1999, significant differences (P<0.05) among cultivars were observed in both plant height and stem
diameter (Table 1). Tallest plants were observed in cultivars ‘Joker’ (83.6 cm), ‘Floramerica’ (82.4 cm),
‘Empire’ (81.8 cm) and ‘Mountain Pride’ (80.5 cm). Shortest plants were found in cultivars ‘Sunmaster’
(63.3 cm) and ‘Merced’ (64.9 cm). There was no evidence of lodging in taller cultivars since all cultivars
were supported with steel rods (stakes) and tied with plastic string. Cultivars ‘Colonial’, ‘Celebrity’ and
‘Mountain Pride’ developed larger stem diameter compared to other cultivars (Table 1). These cultivars
had an average stem diameter of 10 mm or higher. Stem diameter is an important character that
determines the tendency of plants to lodge. Also, a larger stem diameter is ideal for supporting larger and
heavier fruits than a smaller stem diameter.

Significant differences in plant height and stem diameter were also observed in 2000 (Table 1).
Cultivar ‘Mountain Fresh’ produced the tallest plants (90 cm). Most cultivars attained average plant
height greater than 80 cm. Cultivars ‘Sunmaster’ and ‘Keepsake’ produced the shortest plants. Average
stem diameter for all cultivars was relatively higher than in the 1999 trial. Cultivars ‘Empire’ and
‘Mountain Pride’ developed the largest stem diameter (15.4 mm and 14.9 mm, respectively). Cultivars
‘Joker’ and ‘Sunmaster’ produced the smallest stem diameter with average of 11.0 and 12.0 mm,
respectively.

Number of Fruits and Yield

The number of fruits (total and marketable) and fruit yield (total and marketable) are shown in
Tables 2 and 3 for the 1999 and 2000 trials, respectively. All cultivars matured in 70 days (first harvest)
after transplanting. Significant differences in fruit number and yield were found in both years. In 1999,
total number of fruits ranged from 183,000 ha™ for cultivar ‘Olympic’ to 332,000 ha™ for ‘Sunmaster’
(Table 2). ‘Sunmaster’ produced the largest total number of fruits which was significantly (P<0.05)
higher that all cultivars except ‘Bonita’. Cultivars ‘Olympic’ and ‘Merced’ produced the lowest total
number of fruits averaging less than 200,000 ha”. Although ‘Merced’ produced the lowest total number
of fruits, this cultivar produced the highest percentage (79%) of marketable fruits (Table 2). Only 70
percent of fruits from cultivar ‘Sunmaster’ was marketable. Other cultivars, which produced marketable
frutts of 70 percent or greater were ‘Celebrity’, ‘Floramerica’, ‘Liberty’, ‘Mountain Pride’ and ‘Olympic’.

‘Sunmaster’ produced the highest total fruit yield (56.9 t ha™) however, this yield was not
significantly different from any other cultivar except ‘Olympic’ (Table 2). ‘Sunmaster’ also produced
the highest marketable fruit yield (43.8 t ha™) followed by cultivars ‘Bonita’ (42.9 t ha™), and ‘Empire’
(42.7 t ha'). Most of the cultivars, which produced high percentage of marketable fruits, did not differ
significantly in marketable fruit yield. The three top yielding cultivars in terms of marketable fruit yield
(>40 t ha) were ‘Sunmaster’, ‘Bonita’ and ‘Empire’. Most cultivars produced marketable fruit yield
greater than 30 t ha™.

Results from the second season (2000) trial also showed significant differences (P<0.05) among
cultivars in terms of number of fruits and yield (Table 3). Total number of fruits ranged from 140,000 ha’
' for cultivar ‘Joker’ to 245,000 t ha” for ‘Sunmaster’. In general, the number of fruits (total and
marketable) from the 2000 trial was relatively lower compared to the first season (1999). Only six
harvests were made due to the incidence of foliar diseases (bacterial spot and mosaic) later in the season.
The top four cultivars with high marketable fruit yield (>30 t ha™) were ‘Merced’ (38.6 t ha™"), ‘Mountain
Pride’ (35.2 t ha™), ‘Sunmaster’ (31.0 t ha™') and ‘Keepsake’ (30.8 t ha™). All other cultivars produced
marketable fruits in the range of 20 to 27 t ha™ (Table 3).
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Fruit Weight, Soluble Solids and pH

Significant differences (P<0.05) in fruit size and soluble solids were found among cultivars in
1999 (Table 4). Average fruit weight ranged from 160 g for cultivar ‘Liberty’ to 318 g for ‘Empire’.
Fruit weight of cultivar ‘Empire” was superior to all other cultivars. Cultivars ‘Liberty’, ‘Mountain
Pride’, ‘Pilgrim’ and ‘Sunmaster” produced fruits with an average weight of less than 200 g. Soluble
solids of all cultivars were ranged from 4.03 to 4.58%. Fruits of cultivar ‘Empire’ contained the highest
(4.58%) soluble solids, whereas fruits of ‘Sunmaster’ contained the lowest (Table 4). Although
‘Sunmaster’ produced the highest number of fruits as well as fruit yield, fruit quality (weight and soluble
solids) was inferior to the other cultivars. No significant differences in juice pH were observed among
cultivars. Juice pH ranged from 3.73 (‘Bonita’) to 3.96 (‘Sunmaster’).

Results of the evaluation trial in 2000 indicated significant differences (P<0.05) in fruit weight
and pH but not in soluble solids as shown in Table 4. All cultivars except ‘Mountain Pride’ produced
fruits with an average weight greater than 200 g. Cultivars ‘Floramerica’, ‘Merced’ and ‘Olympic’ had an
average fruit weight greater than 250 g and were significantly superior to ‘Mountain Pride’ (Table 4).
Soluble solids and pH were relatively higher in 2000 than those obtained in 1999. Soluble solids ranged
from 4.70% for cultivar ‘Floramerica’ to 5.44% for ‘Empire’, while juice pH ranged from 4.17
(‘Mountain Fresh’) to 4.37 (‘Olympic’). Results from two seasons evaluation trial indicate that cultivar
‘Empire’ has ideal fruit quality attributes for fresh market organic tomatoes as shown by its larger fruit
size and higher soluble solids. It is also one of the cultivars with high marketable fruit yield. Thus,
organic vegetable growers in the Virgin Islands should consider growing this cultivar for fresh market
tomatoes.

Cultivar Response to Insect and Disease Pests

The incidence of insect and disease pests was monitored by visual observation throughout the
growing season. In 1999, the incidence of pests and disease was low. Damage due to insect pests was
not serious since the pest population was low. However, tomato fruit worms, caterpillars and spider mites
affected all cultivars. The most common leaf disease was the tomato mosaic virus which appeared later in
the season. All cultivars seemed to be affected but the degree of infection varied among cultivars. In
2000, high insect and disease incidence was observed and this accounted for the relatively lower yield
compared with yield in 1999. Several insect pests were observed during the growing season and among
them were ants, caterpillars, mealy bugs, whiteflies, stinkbugs and fruit worms. Incidence of bacterial
leaf spot and tomato mosaic virus was also common among cultivars. Despite the high incidence of
insect pests and diseases, some cultivars produced high fruit yield. Regular applications of organic
pesticides were quite effective in reducing pest damage. These observations suggest that organic
pesticides can be as effective as conventional pesticides in minimizing insect pest populations in tomato
production. Tomato growers have the option of using organic sprays and still maintain economical
yields.

SUMMARY AND CONCLUSIONS

This study has shown that tomato can be grown successfully under an organic management
system without the use of chemical fertilizers and pesticides. Marketable yield levels were comparable to
or better than those obtained in previous tomato germplasm evaluation trials conducted using a
conventional crop management system. The cultivars differed in their yield performance when grown
under sustainable crop management practices. Outstanding cultivars for organic tomato production in
terms of marketable yield and fruit quality are ‘Bonita’, ‘Empire’, ‘Keepsake’, ‘Merced’, ‘Mountain
Pride’ and ‘Sunmaster’. These cultivars performed well and appeared to be adapted to the growing
environment of the Virgin Islands under low-input sustainable crop management practices. Vegetable
growers should consider selecting these cultivars for spring production season using minimum inputs.
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Table 1. Plant height and stem diameter of tomato cultivars grown under organic management system.
Agricultural Experiment Station, University of the Virgin Islands, St. Croix.

Plant height (cm) Stem diameter (mm) L

Cultivar 1999 2000 1999 2000
Bonita 76.6 abc - 8.34 b -
Celebrity 77.5 ab 80.2 abcde 10.25 ab 13.3 ab
Colonial 73.7 abc 85.2 abc 11.22 a 13.5 ab
Empire 81.8 a 85.6 abc 9.91 ab 154a
Floramerica 82.4a 84.7 abc 8.11b 12.8 ab
Joker 83.6a 89.4 ab 9.54 ab 11.0b
Keepsake - 72.4 ¢ - 12.3 ab
Liberty 72.2 abe - 9.60 ab -
Merced 64.9 bc 79.7 bede 9.37 ab 12.7 ab
Mountain Fresh - 90.9 a - 13.2 ab
Mountain Pride 80.5a 82.7 abed 10.02 ab 149a
Olympic 74.4 abc 84.1 abed 8.00 ab 14.2 ab
Pilgrim 75.1 abc 77.6 cde 8.33b 13.5 ab
Sunmaster 63.3 ¢ 74.7 de 9.70 ab 12.9b

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

Table 2. Yield of tomato cultivars grown under organic management system, Spring, 1999, Agricultural
Experiment Station, University of the Virgin Islands, St.Croix, USVL

Number of fruits/ha Fruit yield Marketable
Cultivar Total Marketable Total Marketable fruits
_ - (x1000) (x1000) (tha) (t/ha) (%)
Bonita 298 ab 199 abc 56.0 a 42.9 ab 67
Celebrity 246 bede 175 bed 49.6 ab 39.2 abc 71
Colonial 243 bede 165 bed 47.6 ab 33.6 abed 68
Empire 207 de 140 d 49.9 ab 42.7 ab 68
FlorAmerica 211 de 151 cd 44.5 ab 33.3 bed 72
Joker 224 cde 153 cd 56.0 a 33.7 abed 68
Liberty 265 bed 199 abc 42.1 ab 319 cd 75
Merced 192 ¢ 152 ¢d 43.5 ab 37.1 abed 79
Mountain Pride 281 abc 211 ab 50.8 ab 39.8 abc 75
Olympic 183 ¢ 130 d 399b 313 ¢cd 71
Pilgrim 247 bede 160 cd 43.1 ab 28.5d 65
Sunmaster 332a 233 a 56.9a 43.8 a 70

Mean separation in columns by Duncan's Multiple Range Test, P=0.05.
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Table 3. Yield of tomato cultivars grown under organic management system, Spring, 2000. Agricultural
Experiment Station, University of the Virgin Islands, St. Croix, USVL

Number of fruits/ha Fruit yield Marketable

Cultivar Total Marketable Total Marketable fruits

(x1000) (x1000) (t/ha) (t/ha) (%)
Celebrity 198 abe 136 abc 39.0 be 27.4 bed 69
Colonial 191 abe 104 bed 38.7 be 22.8 cd 54
Empire 211 abe 129 abcd 41.8 abc 28.6 bed 61
Floramerica 171 be 89 cd 39.6 be 22.4 ¢d 52
Joker 140 ¢ 95 cd 32.5¢ 223 cd 68
Keepsake 203 abc 144 abc 40.6 be 30.8 abc 71
Merced 195 abe 152 ab 47.6 ab 386a 78
Mountain Fresh 164 be 105 bed 33.2¢ 23.9cd 64
Mountain Pride 230 ab 180 a 43.7 abc 35.2 ab 78
Olympic 151 ¢ 79 d 35.6 be 20.0d 52
Pilgrim 198 abc 116 bed 38.8 be 243 cd 59
Sunmaster 245 a 155 ab 53.5a 31.0 abc 63

Mean separation in columns by Duncan's Multiple Range Test (P=0.05).

Table 4. Fruit weight, soluble solids and pH of tomato cultivars grown under organic management
system. Agricultural Experiment Station, University of the Virgin Islands, St. Croix, USVI.

Fruit weight (g) Soluble solids (%) pH

Cultivar
1999 2000 1999 2000

Bonita 216 bede - 4.36 ab -
Celebrity 229 bed 205 ab 4.22 be 4.22 ab
Colonial 201 bede 242 ab 4.19 be 434 a
Empire 318 a 222 ab 458 a 4.29 ab
Floramerica 222 bed 253 a 4.17 bc 434 a
Joker 221 bed 235 ab 4.42 ab 434 a
Keepsake - 216 ab - 434 a
Liberty 160 e - 4.42 ab -
Merced 242 be 255a 4.22 bc 4.27 ab
Mountain Fresh - 227 ab - 4.17b
Mountain Pride 189 bede 195 b 4.44 ab 4.32 ab
Olympic 246 b 253 a 4.42 ab 437 a
Pilgrim 177 de 214 ab 4.37 ab 434 a
Sunmaster 187 cde 201 ab 403 ¢ 4.26ab

Mean separation in columns by Duncan's Multiple Range Test (P=0.05).
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THE EFFECT OF FRUIT AND INFLORESCENCE PRUNING ON FRUIT SIZE AND YIELD
OF DWARF GOLDEN APPLE (SPONDIAS CYTHEREA SONN.)

R. P. Andall, Caribbean Agricultural Research and Development Institute, P.O. Box 270, St. George’s,
Grenada
S. Baldeo, Ministry of Agriculture, Tanteen, St. George’s, Grenada

ABSTRACT: An experiment was conducted from Sep 1998 to Dec 1999 to determine the effects of 8
combinations of fruit and inflorescence pruning on fruit size and yield of dwarf golden apple (Spondias
cytherea Sonn) grown in Belvidere, Grenada, W. I. Pruning treatments were 1: 0% fruit + 50%
inflorescence 2: 25% fruit + 50% inflorescence 3: 50% fruit + 50% inflorescence 4: 75% fruit + 50% 5:
0% fruit + 0% inflorescence 6: 25% fruit + 0% inflorescence 7: 50% fruit + 0% inflorescence 8: 75% fruit
+ 0% inflorescence. Fruit pruning increased fruit size. At 75% it was highly significantly different
(P=0.000) from the 25% and 0% levels but was not significantly different from pruning at 50%.
Inflorescence pruning reduced fruit size. The interaction between fruit pruning and inflorescence pruning
tended to reduce fruit size. Fruit and inflorescence pruning reduced fruit yield in terms of weight and
number. Fruit pruning at 0% and 25% had a highly significant difference (P=0.000) from 75% on total
number of fruits. Pruning treatmeats of 0%, 25%, and 50% had a highly significant difference (P=0.001)
from 75% on total weight of fruits.

INTRODUCTION

The golden apple (Spondias cytherea Sonn.) is native to the Society Islands of the South Pacific
(Weir et al., 1982). From there it has been widely distributed around the tropics. It was first introduced
into the Caribbean in the 18" century (Morton, 1961) where it has adapted well to local conditions and
have become a natural part of the agricultural landscape. It ts grown on a small scale in many tropical
and subtropical areas like Indonesia, Florida Keys, Hawaii, the Caribbean, Venezuela and Suriname
(Popenoe 1979; Weir et al., 1982, Morton 1987). In other countries the golden apple is also referred to as
June Plum, Pomme-Cythere, Ambarella, Mokak, Coe, Hevi, among others (Morton, 1987; Geurts et al.,
1986).

Even though the golden apple is distributed worldwide and has become a popular fruit for West
Indian consumers it has received little recognition from the scientific community of the region (Bauer et
al., 1993). This may be attributed to the fact that historically it was a fruit of insignificant commercial
importance. In Grenada, the importance of golden apple as a commercial export crop has been realized
since 1985 when extra-regional export to the USA began. Formerly small quantities of the crop was
exported by hucksters to the neighbouring island of Trinidad. After 1985, the golden apple quickly rose
to prominence as one of the major non-traditional export crops. In 1996, in terms of volume, it was the
second most important non-traditional export crop after mango. In that year 368 tonnes were exported.
Despite the increased importance of golden apple, the crop still continues to be grown mainly in a
haphazard manner as scattered trees among the more important tree crops like cocoa and banana. The
Grenada Agricultural Census of 1995 estimated pure stand national cultivation at 10.9 hectares.

In the present system of golden apple cultivation, no agronomic attention is paid to the trees by
farmers. As a result, trees are very tall and therefore difficult and dangerous to harvest, therefore many
fruits are damaged during harvesting (Daulmerie, 1994). In 1993, the Inter-American Institute for Co-
operation on Agriculture (IICA) introduced a dwarf type of golden apple which bears relatively small
fruits on a short tree. This introduction was viewed as a means to obtain a larger proportion of
undamaged fruits since the dwarf trees are easily harvested at the ground level. One disadvantage though
of the dwarf type is that the fruits are smaller than the traditional type and therefore its fruits are not
readily accepted on the local and export markets.
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This experiment was aimed at increasing fruit size of the dwarf golden apple through fruit and
inflorescence pruning so that larger fruits can be obtained from the dwarf trees to facilitate easier
marketing of the fruits.

MATERIALS AND METHODS:

The trial was superimposed on two year old dwarf golden apple trees growing on a private farm
in the Belvidere. St. John’s region of Grenada. Soil type was of the Capitol clay loam series.

The trial consisted of eight treatments in a 4 x 2 factorial arrangement. The factors are four levels
of fruit pruning and two levels of inflorescence pruning. Treatments were set out as follows:

TREATMENT NO. DESCRIPTION

0% fruit pruning, 50% inflorescence pruning.
25% fruit pruning, 50% inflorescence pruning.
50% fruit pruning, 50% inflorescence pruning.
75% fruit pruning, 50% inflorescence pruning.
0% fruit pruning, no inflorescence pruning.
25% fruit pruning, no inflorescence pruning.
50% fruit pruning, no inflorescence pruning.
75% fruit pruning, no inflorescence pruning.

1O\ B WD -

The trial was laid out in a randomized block design. There were 13 blocks of eight trees. Each
block received each of the experimental treatments. The trees were grown on a slope at the side of a
ravine therefore each block was selected based on geographical proximity along the contours and relative
uniformity of size.

The experiment began in November 1998 and ended in December of 1999. At the beginning, the
mature fruits from each tree were harvested, weighed and counted. The following week the treatments
were applied. Further applications of the treatments were applied every two weeks while further
harvesting of mature fruit was done as necessary. One application of 12.8.24 fertilizer at the rate of 190
kg/ha was made in March 1999. Manual and chemical weed control with paraquat and glyphosate were
practised.

At each harvest the fruits were weighed and counted. Harvesting was performed on nine
occasions. Analyses of variance using Minitab statistical software were performed on average fruit
weight, total fruit weight and total number of fruits.

RESULTS AND DISCUSSION:

Analyses of variance for the main and interaction cffects were conducted on average fruit weight,
total fruit weight and total number of fruits over the whole period.

Fruit Size:

For ease of measurement average fruit weight was used as an indicator of fruit size. Analysis of
the effect of fruit pruning regime revealed that fruit pruning tended to increase fruit size. Fruit pruning at
75% gave the largest fruit size of 58g followed by fruit pruning at 50%, with 54g, Table 1. The fruit size
obtained by the former pruning regime was 11g greater than the no pruning regime. Fruit pruning at 75%
and 50% levels were highly significantly different (P=0.000) from the 25% and 0% levels. There was no
significant difference between the 75% and 50% fruit pruning levels.

Inflorescence pruning at 50% tended to reduce fruit size (Table 1) but the effect was not
significant. The interaction effect between fruit pruning and inflorescence pruning on fruit size, was
Inconsistent. At the fruit pruning level of 25% there was an increase in fruit size, the 50% level had no
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effect while the 75% level reduced fruit size, Table 1. Fruit pruning at 75% together with no
inflorescence pruning was significantly different (P=0.035) from fruit and inflorescence pruning
combinations at 25% and 0% fruit pruning levels.

Total Fruit Weight:

No fruit pruning (0%) gave the best yield, Table 2, however it was not significantly different from
pruning at 25% and 50%. Fruit pruning regimes of 0%, 25% and 50% were highly significantly different
(P=0.001) from 75%, the latter producing the poorest yield. Inflorescence pruning had a negative effect
on yield. The best yield was obtained with no inflorescence pruning, Table 2.

The effect on yield by pruning of inflorescences at 50% was highly significantly different
(P=0.007) to no inflorescence pruning. Fruit and inflorescence pruning had a negative interaction effect
on yield (Table 2), however the reduction in yield was not statistically significant. The greatest negative
interaction effect was obtained from the combination of fruit pruning at 75% with inflorescence pruning
at 50%.

Total Number of Fruits:

Analysis of the effect of fruit pruning on total number of fruits harvested showed that 0% and
25% fruit pruning were highly significantly different (P=0.000) from 75% fruit pruning. The highest
mean total yield of 326 fruits came from 0% fruit pruning while 75% fruit pruning resulted in the lowest
mean total yield of 165 fruits, Table 3.

Fruit pruning therefore tended to reduce total number of fruits harvested. As severity of fruit
pruning increased total number of fruits harvested decreased. For the inflorescence pruning eftect, 50%
pruning was significantly different (P=0.01) from 0% pruning and the former had a negative effect on
yield. No pruning produced the higher number of fruits, Table 3. In the case of interaction effects
between fruit pruning and inflorescence pruning, the analysis revealed no significant differences.
Generally inflorescence pruning increased the negative effect of fruit pruning on total number of fruits
harvested with the exception of fruit pruning at the 25% level, Table 3.

As we have seen the fruit size of dwarf golden apple was successfully increased through the
influence of fruit pruning while yield was reduced. The increased fruit size was expected since the
removal of some fruits allowed the plant to distribute the available nutrients to fewer number of fruits
hence increasing individual fruit size.

Although no record of pruning work on dwarf golden apple was discovered in the literature, this
result is similar to that obtained by Pawar et al (1994) on pomegranate, where fruit size improved with
increasing severity of pruning and total yield was reduced by pruning.

CONCLUSIONS:

The best pruning regime to increase fruit size of dwarf golden apple was 75% fruit pruning.
Increased fruit size through this practice is however obtained at the expense of a reduction in yield both in
terms of weight and number of fruits harvested. Therefore the recommendation of the practice of pruning
would depend on whether cost/benefit analyses indicate that marketing of the increased fruit size would
compensate for the reduced yield experienced. This is unlikely as the largest increase in fruit size
obtained was only 11g which would not be significant in the market place. The development of the dwarf
golden apple industry therefore depends on finding market niches which uses the fruit in its normal size.

Fruit and inflorescence pruning both reduced fruit yield while the latter reduced fruit size.
Inflorescence pruning therefore is not a worthwhile practice.
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Table 1: Effect of fruit and inflorescence pruning on average fruit weight of dwarf golden apple
Average Fruit Weight (AFW) (g) Inflorescence Pruning

Fruit Pruning (%) 0% 50% Mean AFW (g)
0 49 49 49

25 49 51 50

50 54 54 54

75 58 53 55

Mean AFW (g) 53 52

SEM Overall fruit pruning = 0.87, (84 d.f.) Overall Inflorescence pruning = 0.62, Body of table = 1.23

Table 2: Effect of fruit and inflorescence pruning on total fruit weight of dwarf golden apple
Total Fruit Weight (kg) (TFW) Inflorescence Pruning

Fruit Pruning (%) 0% 50% Mean TFW (kg)
0 17.57 14.12 15.85

25 13.44 13.38 13.41

50 14.74 12.34 13.54

75 12.31 5.94 9.13

Mean TFW (kg) 14.51 11.45

SEM Overall Fruit Pruning = 1.11, (84 df) Overall Inflorescence Pruning = 0.79, Body of table = 1.57

Table 3: Effect of fruit and inflorescence pruning on total number of fruits of dwarf golden apple
Total No. of Fruits (TNF) Inflorescence Pruning

Fruit Pruning (%) 0% 50% Mean TNF
0 358 293 326

25 271 270 271

50 278 227 253

75 217 112 165

Mean TNF 281 226

SEM Overall Fruit Pruning = 21.70, (84 df) Overall Inflorescence Pruning = 15.34, Body of table = 30.69
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EVALUATION AND SELECTION OF IMPORTED AND LOCALLY COLLECTED TROPICAL
TYPE SWEET POTATO ACCESSIONS

Edwin Acevedo, Carlos Ortiz, and Enid Lizardi Bonilla, University of Puerto Rico. Agricultural
Experiment Station, Box 500, Isabela, Puerto Rico 00662

ABSTRACT: Sweet potato [[pomoea batata (L.) Lam.] is an important root crop in the Caribbean. In
1998 a selection program was established to evaluate landraces and accessions from the USDA Plant
Germplasm System, for horticultural traits and adaptability to conditions in the Caribbean, Tuber number
fluctuated from 49,056 to 97,170 /ha and yields ranged from 28,577 to 57,798 kg/ha. Analysis of variance
showed significant differences for accession and time of harvest but not for the interaction between
accession and harvest time. Accession 98-023 produced the highest yield, but root deformation may limit
its commercial acceptance. Accession 98-022 and 97-031 produced 43,173 and 43,500 kg/ha,
respectively, and have good tuber shape, high quality flesh appearance and good flavor. All of the
accessions evaluated in this experiment are susceptible to the sweet potato weevil.

INTRODUCTION

Sweet potato [[pomoea batata (L.) Lam.] is an important root crop in the Caribbean. In Puerto
Rico sweet potato production is estimated at 3,013 t with value of $1.9 million. In 1999, imports of sweet
potato for fresh market were estimated at 9,510 t with most of the imported sweet potato coming from
Dominican Republic. In 1950, the University of Puerto Rico initiated a program to improve local sweet
potato varieties (Moscoso, 1955). Cultivars Miguela and Mina were recommended for commercial use
after intensive testing (Badillo-Feliciano et al., 1976). In addition, the USDA Tropical Agriculture
Research Station at Mayagiiez established a program to develop a staple type sweet potato to replace the
Irish potato in Puerto Rico (Martin, 1987). Cultivars Papota, Viola, and Ivory were released from that
program. Also, nine sweet potato clones (local landraces) have been evaluated by the University of Puerto
Rico at the Corozal Experiment Substation in low fertility soils, and for damage by the sweet potato
weevil (Cylas formicarius elegantulus). More recently, a formal program for the improvement of tropical
vegetables was financed by the local Agricultural Experiment Station and by the USDA. This program
includes sweet potato breeding. The objective of this work is to introduce and evaluate sweet potato
clones for horticultural traits and adaptability to conditions in the Caribbean.

MATERIALS AND METHODS

The experiments were conducted at the Agricultural Experiment Substation in Isabela, in
northwestern Puerto Rico. The soil is an Oxisol (Typic Hapludox, very-fine kaolinitic isohyperthermic)
with a pH of 6.0 and 15,230, 1400 and 80 mg/kg of P, K, Ca and Mg, respectively. The average rainfall is
1630 mm, with a maximum temperature of 29 C and a minimum of 19 C. The accessions evaluated in
this project came from the USDA Plant Germplasm System (NPGS); landraces were from different places
of Puerto Rico. Cultivars were propagated from vine cuttings of approximately 45 cm long and were
planted in a raised bed. From 1998 to 2001, 120 accessions were evaluated in different sites. Low
yielding, off-shaped and disease infected cultivars were discarded. After the preliminary screening seven
accessions and two check varieties were selected for the final test. Experimental plots were 5.3 m wide by
6.0 m in long with 4 rows and 1.1 m apart. The experimental design was a Randomized Complete Block
with a split plot arrangement and four replicates. Accessions were the main plots and times of harvest the
subplots. Fertilizer 6-6-12 at a rate of 1121 kg/ha was banded two weeks after planting. All plots were
hand weeded twice. Overhead irrigation rate of 25 mm per week was applied as needed. Other evaluations
such as sugar content, number of tubers, yield, and damage by the sweet potato weevil were conducted in
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the field and in the laboratory. Analysis of variance and Fisher’s Least Significant Difference Test (LSD)
were conducted for number of tubers and yield.

RESULTS AND DISCUSSION

After preliminary screening and selection based on skin and flesh color, tuber size and shape,
disease tolerance, and desirable agronomic characteristics, seven accessions and two varieties were
selected for final evaluation. Skin and flesh color are very important characteristics in sweet potato. Table
| shows origin and skin and flesh color for the seven accessions and two varicties evaluated in this
experiment. All of the accessions, except 97-031, have reddish skin. Flesh color varied from light yellow
to yellow. Cultivar 98-022 is the only accession with a white flesh color. Acceptable tuber shape is
another trait that has commercial value. Accessions 98-022 and 97-031 had the most commercial root
shape and tubers were soft and without any undesirable characteristics. Cultivar 98-023 produced big
tubers with some degree of deformation. Venus, Martina and other accessions evaluated had some
deformation after 135 days. Accession 98-039 produced a high number of tuberous roots, but most of
them were smail at harvest time suggesting that this accession is late in maturity compared to the other
lines.

Table 1. Origin, skin and flesh color of nine accessions of sweet potatoes evaluated at the Isabela
Experiment Substation in 2001.

Local ID (PI) Origin Skin Color Flesh Color
98-022 PR Purple White
98-023 PR Pink Light-yellow
97-031 (564118) Taiwan Cream Light-yellow
97-033 (564120) Taiwan Purple Yellow
98-039 PR Pink Yellow
98-040 PR Purple Yellow
97-045 (564770) Papua Purple Light-yellow
Martina USDA-TARS Purple Yellow
Venus USDA-TARS Purple Yellow

Table 2 shows the analysis of variance for number of tubers and yield (at 119 and 149 days after
planting). There were significant differences, among varieties and harvesting time at P 0.05. The effect
of block and the interaction between accessions and time were not significant. Since there were no
significant differences for interaction, Table 3 only shows accessions means for tuberous root number
and yield. Root number fluctuated from 156 to 309 in a 31.8 m’ (Table 3). Venus had the lowest number
of tuberous roots in the experiment. Number of tuberous roots is one of the most important components
of sweet potato yield. Total number of tuberous roots may be determined as early as 30 days after
planting (Togary, 1950).
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Table 2. Analysis of variance for number of tubers and yield at 119 and 149 days after planting.

P-value
Source df Tubers yield
Block 3 0.0634 0.5716
Accessions 8 0.0001 0.0001
Error (a) 24
Time 1 0.0062 0.0001
Accession by time 8 0.6031 0.1826
Error (b) 27
Total 71
c.v. 13.7598 16.3505

Yield fluctuated from 28,577 to 57,798 hg/ha (Table 3). The analysis of variance shows no
significant differences for block and interaction between time and accession (Table 2). The analysis did
show significant differences for accession and time of harvest. Accession 98-023 produced the greatest
tuber yield and accession 97-045 the lowest yield (Table 3). No significant differences at the five percent
level were found between accession 98-040 and Martina.

Table 3. Number of tuberous roots and estimated yield of nine accession of sweet potatoes evaluated at
Isabela Experiment Substation in 2001.

Tuberous Roots Yield
Accession Number kg/ha
98-023 193* 57,798
98-040 165 46,999
98-039 309 43,951
Venus 156 43,769
97-033 218 43,740
97-031 247 43,500
98-022 242 43,173
Martina 175 39,500
97-045 167 28,577
LSD (0.05) 44 12,069

* Numbers of tubers in 31.8 m2.

The yield reported here are in accordance with yield levels reported by Badillo-Feliciano (1976).
Evaluation of damage by sweet potato weevil (Cylas formicarius elegantulus) was also made in the field
and in the laboratory (data not show). All of the accessions evaluated were susceptible to damage by this
insect.
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FRUIT CHARACTERISTICS OF PROMISING QUENEPA (MELICOCCUS BIJUGATUS JACK.)
CLONAL SELECTIONS FROM PUERTO RICO

I Reyes-Soto and A. Cedeiio Maldonado, Department of Horticulture, University of Puerto Rico, P.O.
Box 9030, Mayagiiez, P.R. 00680

ABSTRACT: The quenepa is becoming an increasingly important fruit crop in Puerto Rico both for local
consumption and export. Production comes mostly from spontaneous trees, but some farmers are
beginning to plant organized orchards. As a result, some research interest is beginning to emerge
particularly in the area of germplasm evaluation. Studies at the Agricultural Experiment Station of the
University of Puerto Rico have resulted in the selection of several promising clones obtained from a
partial evaluation of the extensive number of seedling trees growing throughout the island. The present
work relates to the most recent findings regarding selection of superior plant material based on the
evaluation of fruit and production characteristics of the trees. The illustrated results were obtained from
5- to 10-year-old grafted trees planted at the University farm in Juana Diaz. Selected clones had
individual fruits ranging in size from 10 to 20 grams of fresh weight and from 45 to 64% in pulp content.
Data of other important fruit characteristics evaluated are illustrated.
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BEARING CHARACTERISTICS AND YIELD IN YOUNG TREES OF SELECTED
CARIBBEAN BREADFRUIT [ARTOCARPUS ALTILIS (PARK.) FOSBERG| CULTIVARS

Laura B. Roberts-Nkrumah, Depariment of Food Production, Faculty of Agriculture and Natural
Sciences, University of the West Indies

ABSTRACT: The most widely recognised breadfruit cultivars in the Caribbean are the ‘Yellow” and the
‘White’. However, yield data are not available for these cultivars or for those that are less known. Four-
year old trees of 12 cultivars, five from Jamaica, five from St. Vincent and two from Trinidad and Tobago
growing in a germplasm collection at the University Field Station of the University of the West Indies in
Trinidad, were evaluated. The results indicated that the cultivars differed in their time of bearing, yield,
fruit number and fruit size. “Yellow” was earlier, less seasonal and higher yielding than most of the other
cultivars during early growth.

INTRODUCTION

The first major introduction breadfruit to the Caribbean was made by William Bligh who landed
6 trees in St. Vincent and in Jamaica in December, 1793 and February, 1794, respectively. Most of the
plants were of seedless varieties and had been obtained from Tahiti, but he also collected one seedless and
one seeded type from Timor (Powell, 1977). He recorded having five “kinds” (Powell, 1977, p. 396 ) of
breadfruit, not including the seeded variety, therefore, four of the seedless varieties appear to have
originated from Tahiti. The curator of the botanical garden in St. Vincent, to whom the plants had been
delivered also reported having six varieties growing there, with differing seasons of production and levels
of yield (Howard, 1950).

Today, the most widely known breadfruit cultivars, are the ‘Yellow’ and the “White’ and where
these distinctions are not made, the cultivar is designated as ‘Common’ or ‘Creole’. The recognition of
other cultivars is greatest in St. Vincent, where Roberts-Nkrumah (1997) reported the existence some 22
cultivar names, and in Jamaica where more than one dozen types have been named (Roberts-Nkrumabh,
unpubl.). Prior to these listings, Leakey (1977) and Andrews (1991) reported four varieties in the
English-speaking Caribbean, and six in St. Vincent, respectively. The author is currently undertaking
descriptions of some of these varieties.

For more than two decades, the Caribbean has been the major exporter of breadfruit to North
America and to the United Kingdom. Currently, commercial breadfruit production is very limited, and
one major area in which information is needed to encourage this and in particular, year-round supply, is
cultivar differences in bearing characteristics and yield. During the survey of the Vincentian germplasm,
differences were identified but could not be confirmed due to intervening factors such as location, age and
production systems (Roberts-Nkrumah, 1997). This study was undertaken to evaluate selected breadfruit
germplasm existing in the Caribbean, for these characteristics when grown under the same environmental
conditions,

MATERIALS AND METHODS

In 1992, a breadfruit germplasm collection was established at the University Field Station,
Valsayn, Trinidad. The soil type is River Estate L.oam and the site receives approximately 1500 mm of
rain annually with 85 - 90 %, occurring between May and December.

The cultivars, ‘Yellow” and ‘White’ obtained from eastern Trinidad, were established in the
collection and were represented by five and four trees, respectively. In 1996, one tree of each of five
cultivars from St. Vincent and Jamaica cultivars were added to the collection as follows:
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Vincentian accessions Jamaican accessions

Kashee Macca

Hog Pen Common/Yellow Heart
Hope Marble Timor/St. Kitts
Cocobread Cassava

Creole Yellow Heart

The management of the trees included mulching and irrigation during the dry season, fertiliser
and Nematicides applications twice yearly, fungicidal applications especially during the rainy season, and
regular mechanical weed control.

Data were recorded on harvesting periods for “Yellow’ and ‘White” in four-year old trees in 1996,
and for eight-year old trees in 2000 to compare the effect of age on bearing pattern. Harvested yield as
total fruit mass/tree and the yield components, fruit number and mean fruit size were also recorded for
four-year old trees of these cultivars and, in 2000, for the Vincentian and Jamaican germplasm. Statistical
analyses were not attempted because most of the accessions were single tree specimens.

RESULTS AND DISCUSSION
Bearing characteristics

Four-year old trees of both ‘Yellow’ and ‘White’ had a minor season in the early part of the year
extending from January to February for ‘White’ and from February to March for “Yellow’. The major
production period, extended from May to August for ‘White’ and to mid September for ‘Yellow” which
also had another minor season in mid-November (Fig 1). Fruit were available for 20 weeks of the year.
Eight-year old trees of both cultivars showed peak production during the July to August period with
Yellow’ having a more pronounced small early season lasting five weeks weeks in March to April, while
there were a few single fruit harvests from ‘White’ between April and June. Both cultivars also had a
minor season in October (Fig. 2). Fruits were available for 12 and 19 weeks in ‘White’ and in ‘Yellow’,
respectively.

In contrast, the Vincentian cultivars were later bearing. The early minor season for ‘Hope
Marble’ and ‘Creole’ occurred in July, for ‘Kashee’ in July to August and for ‘Hog Pen’ in August. The
peak production period for these cultivars was from September to October, ‘Hope Marble’, ‘Hog Pen’ and
‘Cocobread’ peaking earlier than ‘Kashee’ and ‘Creole’ (Fig. 3). These peak periods extended only for
three to four weeks.

Most of the Jamaican cultivars, except ‘Cassava’, were also later bearing than the ‘Yellow’ and
‘White’ and had an early minor season followed by a peak production period. The minor season extended
for three to five weeks from July to early August and the peak season being August to September for
‘Kashee’ and October for the other cultivars. ‘Cassava’ had its major peak in July followed by a minor
season in October.

While, the precise time of bearing differs annually, largely due to environmental variations, there
are two important consequences of these cultivar differences in bearing pattern. Firstly, is that there is a
spread in the peak production period for another two months into September and October. Barrau (1959)
and Fownes and Raynor (1993) reported similar extension of breadfruit production through the differing
bearing seasons. Secondly, the overlapping of major seasons of some cultivars with the minor seasons of
others ensures the availability of a greater diversity of cultivars. This will facilitate a wider range of uses
of the fruits but may not necessarily confer price advantages. Higher prices are possible during the
November to May period, when only “Yellow” and ‘White produce small harvests.
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Total Fruit Yield/Tree

At four years old, the highest yielders were ‘Yellow’, ‘Macca’, and ‘Kashee’ with annual
production of 140 to 89 kg /tree (Table 1). At an estimated plant population of 70 trees/ha, the estimated
yield potential is 9.8 MT/ha for young trees of the ‘Yellow’ breadfiuit. ‘Cocobread’, ‘Creole’, ‘Cassava’,
‘Timor’ and “Yellow Heart” were much lower yielding with only 50 to 30% of the production of the high
yielders.

One factor that would have contributed to this difference was the duration of their availability.
While differences in the relationship between yield and the yield components would most likely be
another important contributor, the author suggests that differences in tree vigour and specifically branch
production might limit the number of bearing sites available on a tree. At four years, ‘Yellow’ had more
branches than the other cultivars. Fownes and Raynor (1993) found a closely correlation between tree
size and canopy volume and yield in breadfruit. Another factor would be fruit number per branch. Given
that by eight years, ‘Yellow’ was able to achieve over 300 kg/tree/year, it is important to determine how
much of the yield differences identified in the study is attributable to random differences between
individual trees, to genuine differences in cultivar yield potential and to adaptability to the environment.
Yield potential would definitely influence choice of cultivar for commercial production.

Fruit number/tree

Cultivars ‘Yellow’, ‘Macca’ and ‘Hope Marble’ (101 to 71) produced the most fruits while the
fewest fruits (17 to 35) were produced by ‘Cocobread’, ‘Common’, ‘Timor’ and ‘Yellow Heart’ (Table
1), most of which were low yielders. Fruit number obviously contributed to high yield in “Yellow’ and
‘Macca’. The relationship between fruit number and yield needs to be further investigated for each
cultivar individually and would require a larger sample of trees. Apart from the possible factors identified
above that might affect yield, another consideration that determines the number of fruits harvested would
be the extent of pre-harvest drop.

Mean Fruit Mass

The heaviest and largest fruits were those of ‘Cocobread’, ‘Common’ and ‘Kashee’ ( 2 — 1.78kg),
in comparison with the small fruits of ‘Cassava’, “Yellow Heart’, ‘Creole’ and ‘White” (1.17 to 1.29 kg).
The other cultivars were approximately 1.4 to 1.6 kg (Table 1).

Fruit mass at harvest is influenced by the duration of the fruit growth period, the suitability of
growing conditions, including the presence of discase. Since all fruit were harvested at maturity,
environment and disease were the major factors that could have affected size. It is well known that
breadfruit grown in high rainfall areas tend to be larger than those grown in drier areas. Roberts-
Nkrumah (1997) also reported larger fruit mass for cultivars such as ‘Hog Pen’(2.7 kg) and ‘Creole’ (2.3
kg) in St. Vincent than those obtained in this study. A high incidence of fruit rot was also observed in the
field in 2000.

Again, there is need to establish the relationship between fruit mass and yield. Large mass did not
compensate for low fruit number in ‘Cocobread’ and ‘Common’ but it contributed along with fruit
number to high yield in ‘Kashee’.

CONCLUSIONS

At four years old, “Yellow’ from Trinidad was superior to the other breadfruit cultivars under the
conditions at the University Field Station. It was not only earlier-bearing and gave three harvest seasons,
two minor and onec major, as did ‘White’, but it gave the highest yields because it produced a large
number of medium-sized fruits over a longer period. The season of breadfruit availabiity could be
extended by two months by planting a mixture of the Trinidadian, Jamaican, and Vincentian cultivars.
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The relationships between yield and fruit number and fruit mass should be investigated for each cultivar
although from this study, high fruit number was more commonly associated with high yield than large
fruit mass. Since environment influences bearing pattern, tree vigour and the yield components, a multi-
locational with larger tree samples per cultivar is required to obtain a more conclusive evaluation of the
commercial potential of the less known cultivars in Trinidad.
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Table 1. Total fruit yield/tree, number of fruits, and mean mass of harvested fruit of four-year old trees of
selected Caribbean breadfruit cultivars

CULTIVAR YIELD (kg) FRUIT NO. MEAN MASS (kg)
Yellow (TT) 140.39 105 1.44
White (TT) 70.14 67 1.29
Kashee (SV) 88.5 55 1.78
Hog Pen (SV) 79.8 48 1.58
Hope Marble (SV) 74.85 71 1.42

Cocobread (SV) 3545 17 2

Creole (SV) 52.4 44 1.25
Macca (J) 101.9 82 1.45
Common (J) 62.4 27 1.84
Timor/St. Kitts (1) 34.13 28 1.41
Cassava (J) 50.6 47 1.17
Yellow Heart (J) 42.25 35 1.25

J = Jamaica, TT = Trinidad and Tobago, SV = Saint Vicent.
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Fig. 1 Pattern of Fruit Production in Breadfruit Cuitivars Yellow and White in 1996

Fig. 2 Pattern of Fruit Production in cv Yellow and cv White in 2000
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Fig. 3 Pattern of Fruit Production in Vincentian Breadfruit Cultivars in 2000

Fig. 4 Pattern of Fruit Production of Jamaican Breadfruit Cultivars in 2000
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EFFECT OF ORGANIC AND SYNTHETIC MULCH (REFLECTIVE AND NON REFLECTIVE)
ON YIELD OF SCOTCH BONNET HOT PEPPER

C. S. Gardner and G. L. Queeley, Department of Agricultural Sciences, Florida A&M University,
Tallahassee, Florida 32307-4100

ABSTRACT: Field studies were conducted at the Famu research farm at Quincy, Florida, during the
1999 and 2000 growing seasons to examine the effect of organic and synthetic mulches on the yield
potential of Scotch Bonnet hot peppers Capsicum chinense. For the 1999 study, only 2 mulches, one
organic (Bahia grass) and one synthetic (black plastic) and a control (bare ground) were used. The 2000
study extended the synthetic mulches to white plastic and silver plastic (both reflective) and the organic
mulches to perennial peanut and mushroom compost. For both years, the experimental design was a
Randomized Complete Block Design with 3 replications. A drip irrigation system was installed to supply
the moisture requirements of the crop. Weekly harvests were conducted to obtain data on yield parameters
such as fruit size, fruits plant™ and marketable fruits ha”'. For the first year of the study, fruits from plots
mulched with Bahia grass, were significantly larger (P < 0.05) than fruits from plots mulched with black
and white plastic. However, none of the plots showed any significant differences in fruits plant” and
marketable fruits ha”. In the second year of the study, With the exception of plots mulched with bahia
grass, yield from plots mulched with organic mulches were significantly higher, P < 0.05 than plots
mulched with black and white synthetic mulches and the control plots. However, marketable fruit yield
from plots mulched with silver plastic was not statistically different (P < 0.05) to yield from organic
mulch plots. Highest yield (2629 kg ha™) was obtained from plots mulched with mushroom compost.
These plots also produced significantly higher yield ha” and fruits plant”’ compared to all plots with the
exception of those mulched with perennial peanut and silver plastic. Plots mulched with black plastic
produced significantly smaller fruits compared to all other plots.

INTRODUCTION

In the Southeastern United States, Florida ranks second to Texas, in terms of total acreage
devoted to hot pepper production. While chemicals, including herbicides and inorganic fertilizers have
been used with success to enhance yields, alternative cultural practices that are safe to human health and
the environment, while at the same time maintaining high levels of crop productivity are needed (Relf,
1998). The useful effects of mulches in agricultural production are well documented. Benefits cited from
the use of mulches include higher yields and better weed control (Hutchinson and McGiffen, 2000; Dale,
2000; Sanders et al., 1999) earlier maturity and fruit set (Tarara, 2000) reduced nutrient leaching and
moisture loss, and improved fruit quality (Waterer, 2000).

More specific studies have focused on the influence of mulches on yield of horticultural crops.
(Csizinszky et al., 1999) used a randomized complete-block design to evaluate the effect of ultraviolet-
reflective mulches on tomato yields. They concluded that spring tomatoes grown on reflective mulches
were larger and produced greater marketable yields, than those grown on non-reflective (black) polythene
mulch. Using a randomized complete-block design, Hutchinson and McGiffen, 2000, investigated the
effect of cowpea cover crop mulch on desert pepper production. They concluded that cowpea mulch
provided greater fruit weight and promoted plant growth and fruit production

The objective of this study was to evaluate the yield potential of Scotch Bonnet hot peppers
grown on synthetic mulches (reflective and non reflective) and organic mulches.
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MATERIALS AND METHODS

Studies were conducted in Spring 1999 and 2000 on a Bonifay Sandy Loam soil at the FAMU
research farm at Quincy Florida. In each study, treatments were arranged as a randomized complete-
block design with three replications. Each treatment consisted of a 20-foot (approx. 1.0 m) strip within
three 150-foot long raised beds spaced 3 feet apart. Twenty-foot strips of both white and silver plastic
were laid over the existing black plastic while 20-foot strips of black plastic were removed for the
purpose of laying the organic mulches. Mushroom compost treatments were composed of a mixture of
approximately 3 parts soil to 1 part mushroom compost spread approximately 2.5 cm (1") to 5 cm (2")
over the ground and mixed to a depth of approximately 12 cm (5") with the use of a spade and rake.

About 1.5 ¢cm (1/2") to 2.5 cm (1") of the compost was allowed to cover the surface of the bed to
complete the mulch. For the 1999 study, only 2 mulches: one organic (Bahia grass) and one synthetic
(black plastic) and a control (bare ground) were used. The 2000 study extended the synthetic mulches to
silver plastic and white plastic (reflective) and the organic mulches to perennial peanut and mushroom
compost. For both years, the experimental design was a Randomized Complete Block Design with 3
replications. The soil was fumigated with Terr-O-Gas (66.6 % methylbromide and 33.3 % chloropicrin)
at224 kgha' and a drip irrigation system was installed to supply the moisture requirements of the crop.

Two weeks after fumigation, 12-week old Scotch Bonnet seedlings that were grown in the
greenhouse during the winter months were transplanted into the field. For Mature yellow fruits were
harvested from a 36 square feet area of the center row of each treatment on a weekly basis, over a 17-
week period, starting on August 15, and ending on November 15. Fruits were separated into marketable
and cull, then marketable fruits were size graded on a weight basis by determining the number of fruits it
took to weigh one pound (0.45 kg). The data were analyzed by analysis of variance (ANOVA) (SAS
institute, 1988, version 8.0) General Linear Models Procedure. When significant F-values were found,
differences between means were determined by using Duncan’s multiple range test.

RESULTS

For the 1999 study, Bahia grass treatments produced significantly larger fruits with an average of
42 fruits to the pound, compared to black plastic with an average of 46 fruits per pound (P < 0.05).
However, despite being numerically higher, yield ha” and plant' were not significantly different
compared to yield from black plastic treatments and the control (Table 1).

Table 1. Scotch Bonnet yield as affected by polyethylene and organic mulch in 1999

Treatment Fruits/plant fruit size Yield (kg ha™)
Bahia grass 50a 42b 3036 a
Black plastic 42 a 46 a 2441 a
Control 49 a 44 ab 2858 a

Means followed by the same letter are not significantly different, P < 0.05

For the 2000 study, all yield parameters (yield ha™, fruits plant” and fruit size) were better for
mushroom compost treatments. Fruits plant” and yield ha” obtained from mushroom compost treatments
were significantly higher than those obtained from all treatments with the exception of perennial peanut
and silver plastic treatments. Except for black plastic treatments that produced significantly smaller fruits
compared to all other treatments, fruit size was similar for both organic and synthetic mulch treatments
(Table 2).
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Table 2. Scotch Bonnet yield as affected by polyethylene and organic mulch in 2000

Treatment Fruits/plant fruit size Yield (kg ha™)
Mushroom compost 38a 40Db 2629 a
Perennial peanut 33 ab 46 b 2150 a

Bahia grass 23 be 42b 1450 be
Black plastic 10d 64 a 504 d

White plastic 15 cd 46 b 905 cd

Silver plastic 32 ab 46 b 1974 ab
Control 16 cd 46 b 934 cd

Means followed by the same letter are not significantly different, P < 0.05
DISCUSSION

With the exception of silver plastic treatments, plants grown on organic mulches performed
significantly better than those grown on synthetic mulches. Although preliminary, the findings of this
study suggests that growing Scotch Bonnet hot peppers on organic mulch produces higher yields
compared to synthetic mulches and bare ground treatments. Considering the great deal of emphasis being
placed on environmentally friendly agricultural practices, the findings of this study provide a need to
widen the scope of future studies, to determine how the use of mulches could optimize crop production in
sustainable agriculture. Although the relative costs of using organic versus synthetic mulches were not
covered in this study, the documented benefits of using organic substances as mulch may outweigh those
obtained from the use of synthetic mulches. This issue poses another challenge for future research on the
use of organic and synthetic mulches, not only for hot pepper production but also for other horticultural
crops.
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PRE-BREEDING FOR RESISTANCE TO BLACK POD DISEASE OF CACAO

Sarah M. Bharath, David Iwaro, Cocoa Research Unit (CRU), The University of The West Indies, St.
Augustine, Trinidad and Tobago, West Indies

ABSTRACT: A pre-breeding programme was initiated at CRU in 1997 to accumulate genes for
resistance to black pod disease (Phytophthora pod rot) of cacao. Promising accessions were selected from
the International Cocoa Genebank, Trinidad (ICG,T), intercrossed and their progenies screened for
resistance to Phytophthora using a leaf disc inoculation method. From 36 crosses established in 1998,
1010 seedlings were tested in three rounds of leaf inoculations for resistance to P. palmivora. Results
showed significant differences in resistance to P. palmivora among progenies from the 36 crosses.
Progeny distributions for most crosses showed the occurrence of useful transgressive segregates with
higher levels of resistance than the parental clones. Narrow sense (h,;) and broad sense (hys)
heritabilities were estimated at 0.33 and 0.51, respectively. Genetic gain (G;) was estimated at 0.98 on the
0-5 resistance rating scale (selection intensity, 10% = 1.755, standard deviation = 1.092 and h (, ¢, = 0.51).
The selected seedling population would therefore have an average genetic resistance level of 2.42 (mean
of all progenies, 3.4 - 0.98 expected genetic gain) which is higher than the resistance level of SCA 6
(2.64), a resistant control in the experiments. Based on the result of the leaf test for resistance to
Phytophthora, 101 resistant seedlings were selected and planted in the field for further observations. The
enhanced population derived from this programme should provide a source of useful resistance genes to
black pod disease of cacao.

INTRODUCTION

A pre-breeding programme has become necessary in cacao due to the relatively narrow genetic
base of most commercial varieties and their vulnerability to black pod disease (BP). Furthermore,
experience acquired by plant breeders over the past century has demonstrated that plant germplasm
collections such as the International Cocoa Genebank (ICG,T) are rich sources of resistance to pests and
pathogens (Iwaro et al., 2000). The lineage of many important resistant cultivars can be traced back to
germplasm collections (Peterson, 1975), yet most collections including the ICG,T remain largely
unexplored for their potential as reservoirs of resistance genes (Harlan, 1977). The susceptibility of most
commercial varieties to BP poses a challenge to cocoa farmers as the cost of chemical control continues
to rise. The ultimate solution is to breed resistant varieties and to use them for commercial cultivation.
Under these circumstances, it is imperative that a pre-breeding programme be initiated to provide new
genes for resistance to black pod disease, high yield and to broaden the relatively narrow genetic base of
commercial cocoa cultivars.

In response to the above challenge, a pre-breeding programme was initiated at CRU in 1997. The
main objective of the programme is to develop populations with high levels of resistance to BP in view of
the difficulties in enhancing resistance to a satisfactory level in previous breeding programmes. Since the
ICG,T contains diverse germplasm, the pre-breeding programme is intended to capture as much of this
diversity as is consistent with the major objective of enhanced disease resistance. This paper reviews the
progress achieved within the first two years of the pre-breeding programme.

MATERIALS AND METHODS

The sequence of activities for the pre-breeding programme is outlined below:
Select parents from the germplasm collection (ICG,T)
Establish bi-parental crosses
Evaluate seedling progenies for resistance to Phytophthora.
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Establish promising resistant seedlings and susceptible control seedlings in the field

Observe seedlings for early flowering, vigour and disease resistance in the field

Identify and transfer promising genotypes/populations to user countries, applying the accepted standard
phytosanitary and quarantine measures

Selection of parental genotypes and establishment of bi-parental crosses.

Based on the accumulated information in CRU and the International Cocoa Germplasm Database
(ICGD) on resistance to BP, WB and yield characteristics (bean number, bean weight and pod index), 32
promising parental genotypes were selected in 1997 from the Forastero, Refractario and Trinitario genetic
groups. Subsequently, bi-parental crosses were conducted among the selected genotypes and 36 crosses
were established (Table 1). Thirty seedlings were raised per cross and maintained in the greenhouse. In
addition, 10 replicates of each parental genotype and two control clones (SCA 6 and ICS 1) were
established by top grafting and maintained in the same greenhouse.

Selection of Phytophthora isolate for screening

At least five species of Phytophthora (P. palmivora, P. megakarya, P. capsici, P. citrophthora,
and P. megasperma) have been identified as causal agents of black pod disease at different locations
(Griffin, 1977; Brasier, Griffin and Maddison, 1981 and Zentmyer, 1988). Two of these species (P.
palmivora and P. capsici) are present in Trinidad and Tobago (Iwaro, Sreenivasan and Umaharan, 1998).
With restrictions on the transfer of pathogen from one country to another, only P. palmivora and P.
capsici can be used for screening in Trinidad. So far, the ranking of resistance appears to be constant for
different isolates and even species of Phytophthora. Van der Vossen (1997) reported that the ranking
order for resistance to black pod caused by P. megakarya in Cameroon or Togo was very similar to that
for black pod caused by P. palmivora in Céte d’Ivoire. Iwaro et al., (1998) also observed a similarity in
the ranking of clones inoculated with P. palmivora and P. capsici. These observations suggest that the
results of screening for resistance to Phyfophthora at one location would be relevant to breeding
programmes for black pod resistance at other locations. We selected an aggressive isolate of P.
palmivora for the screening of progenies.

Evaluation of progenies for resistance to P. palmivora

The progeny population (1010 seedlings) and the parental clones including two control genotypes
(32 accessions) were evaluated by the leaf disc inoculation method (Nyassé, Cilas, Herail and Blaha,
1995) from the age six months. Two leaves (interflush-2 as described by Greathouse, Laetsch and
Phinney, 1971) were collected from each seedling and each grafted plant. Two leaf discs were obtained
from each leaf and randomised in trays lined with moist paper towel. Each leaf disc (1.5 cm in diameter)
was inoculated with 10 pl of zoospore suspension (200,000 zoospore mL™ ) of P. palmivora and
incubated at 25°C and high relative humidity for six days. After incubation, the levels of resistance of the
inoculated leaf discs were assessed using a disease rating scale indicated below:

Disease rating  Symptoms Disease rating  Symptoms
0 No symptom 3 Coalescence of brown spots
1 Small localised penetration points 4 Expanding lesions
2 Small expanding lesions 5 Large dark brown lesions

Inoculation was conducted in six series of five plants per progeny for each series, and were
repeated three times.

Data collected from the thrcc replicates were subjected to covariance analysis to adjust for
differences between test serics. The control clones were used as covariates. Analysis of variance was
performed to assess the differences among progeny seedlings, both within and between genetic groups. A

179



parent-offspring regression was carried out to estimate the narrow sense heritability (h’. ) for resistance.
Genetic advance (G;) was estimated based on a selection intensity (I) of 10%, standard deviation of the
resistance scores (SD) and the broad sense heritability (hz(b_s)).

RESULTS AND DISCUSSION

Significant differences (P<0.05) were observed among the 36 progenies evaluated for
Phytophthora resistance (Table 1). Figure 1 shows the distribution of disease resistance scores on a 0-5
rating scale for the 1010 seedlings evaluated. The development of symptoms on leaves obtained from the
1010 seedlings indicated that none of the seedlings was immune to the isolate of P. palmivora used in the
experiment. However, varying levels of resistance were observed among seedlings, in agreement with
previous findings on cacao resistance to Phytophthora (Spence and Bartley, 1966; Soria, 1974;
Sreenivasan, 1980 and Iwaro, Sreenivasan, Umaharan, 1997a & b). The distributions of some families
show the occurrence of useful transgressive segregates with higher levels of resistance than the parental
genotypes, particularly in crosses with two highly resistant parents, such as IMC 47 x ICS 41 (Figure 2).
This suggests that resistance genes could be accumulated with a careful selection of resistant parental
genotypes, inter-crossing and selecting among their progenies. More variation was observed among
progenies derived from crosses between genetic groups (c.v. = 0.24) than among those obtained from
parents in the same genetic group (c.v. = 0.20).

Assessment of heritability and genetic gain

Narrow sense and broad sense heritabilities were estimated at 0.33 and 0.51, respectively.
Genetic gain (G;) was estimated at 0.98 based on the broad sense heritability (0.51), standard deviation of
scores (1.092) and selection intensity of 10% (1.755). This suggests that genetic gain of 0.98 points is
possible on the 0-5 resistance rating scale. The selected seedling population would therefore have an
average genetic resistance level of 2.42 (mean of all progenies, 3.4 - 0.98 expected genetic gain) which is
higher than the resistance level of SCA 6 (2.64), a resistant control clone in the experiment.

Current and future activities (Establishment of promising seedlings in the field)

Following the screening exercise for Phytophthora resistance, the 101 most resistant seedlings
were selected for replication and planting at two field sites. Three types of controls will be established at
each site:

e Fifty seedlings that showed intermediate levels of resistance in the leaf disc test.
e Fifty seedlings that showed high susceptibility in the leaf disc test.
e Four control clones (two resistant and two susceptible ones, represented by five plants of each).

After their establishment in the field, these plants will be assessed for such characteristics as
vigour, early flowering and field resistance to BP and WB. Confirmatory laboratory tests for black pod
resistance will also be performed on detached pods. It is hoped that an opportunity will be created in the
future to achieve a second cycle, made up of intercrossing between the most resistant plants selected
during the first cycle.

Additional crosses. An additional 34 crosses have been established among other selected
promising genotypes. Seedlings arising from these crosses are being evaluated for resistance to
Phytophthora following the above procedures. The outcome of this activity will add to the number of
promising genotypes in the different genetic groups (Forastero, Refractario, Trinitario and Mixed)
available for distribution at the end of the pre-breeding programme.

Identification and transfer of promising genotypes/populations to user countries. Promising
genotypes/populations possessing usable levels of resistance to Phytophthora infection showing good
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yield potential from the pre-breeding programme will be transferred to user countries following accepted
standard phytosanitary and quarantine measures.

CONCLUSION

It is expected that by the end of the programme, populations showing genetic diversity and
increased resistance to black pod will have been developed. These populations will provide cocoa
breeders with a new array of resistance genes for the development of new varieties that combine high
yield potential with an acceptable level of resistance to black pod disease.
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Table 1. Evaluation of seedling progenies and parental cloncs for leaf resistance to P. palmivora

Parental Mean Value

No. Family No. of plants Mean value Min. Max. S.D. Female Male
1 IMC47xICS 41 30 2.92 1.23 486 134 2.63 3.43
2 B3/3xICS4l1 30 2.98 1.63 438 127 3.33 3.43
3 NA399xSCA6 30 3.03 1.99 434 1.02 2.89 2.64
4  ICS53xNA 672 30 3.11 1.79 439 1.10 2.90 3.57
5 CL 19/10 x ICS 40 30 3.18 1.99 459 131 3.07 3.07
6 ICS53xSCA6 30 3.18 131 461 1.27 2.90 2.64
7  NA26xNA 286 30 3.19 1.65 435 121 2.67 2.78
8 CL19/10 x CL 19/49 30 3.24 1.83 451 1.19 3.07 2.92
9 M33xCL19/10 30 3.25 223 444 099 2.44 3.07
10 ICS70x CL 19/10 30 3.25 1.58 439 132 3.67 3.07
11 NA399xLP3/5 30 3.27 .75 433  1.08 2.89 2.25
12 B5/7xSCA6 30 3.28 1.85 457 111 3.29 2.64
13 NA 399 x PA 46 30 3.29 1.92 419 091 2.89 2.99
14 PA 125 x NA 672 30 3.34 1.78 446  1.20 2.63 3.57
15 M33xIMC2 30 3.34 1.90 444 129 2.44 2.71
16 NA399xICS1 30 3.37 1.94 413 095 2.89 4.24
17 JA5/34x1CS 1 30 3.38 260 448 097 3.04 4.24
18 1CS53xICS1 30 343 215 418 1.05 2.90 4.24
19 PA 150 x CL 19/10 30 3.44 2,14 495 1.24 2.81 3.07
20 B 5/3 x EET 59 30 3.46 254 472 1.00 333 3.93
21 PA125xSCA6 30 3.49 1.98 500 1.16 2.63 2.64
22 PA 125 xPA 46 30 3.49 217 416  0.87 2.63 2.99
23 PA125xICS29 30 3.51 2,69 4091 1.06 2.63 3.71
24 NAT715x ICS 40 30 3.57 215 452 114 3.29 3.07
25 JA5/34 x NA 672 30 3.59 280 438 0.84 3.04 3.57
26 NA 715 x NA 534 30 3.68 248 478  0.86 3.29 2.78
27 ICS70xICS 72 30 3.69 268 466 088 3.67 3.56
28 B 5/7xNA 672 30 3.71 269 463 108 3.29 3.57
29 LX47xSLC 18 30 3.79 209 457 1.03 4.04 4.56
30 NA26xSLC18 30 3.84 213 454 091 2.67 4.56
31 ICS10xICS 29 30 3.88 1.98 478  1.11 2.65 3.7
32 ICS46xSLC 18 30 3.96 3.01 456  0.79 2.90 4.56
33 B5/7xICS1 18 3.57 260 437  0.88 3.29 4.24
34 ICS 75 x NA 534 15 3.28 143 433 144 3.03 2.78
35 NA399xNA 672 14 3.04 214 398 092 2.89 3.57
36 ICS75xICS 40 3 3.15 258 417  1.22 3.03 3.07

Leaf disc inoculation. Inoculum concentration - 200,000 zoospores/mi
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Figure 1. The distribution of scores for resistance to P. palmivora for progenies from crosses in year one
of the germplasm enhancement programme. Rating 0 - no symptom 1 - small localised penetration 2 -
small expanding lesions 3 - coalescence of brown spots 4 - expanding lesion points 5 - large dark brown
lesion.

Figure 2. Disease rating distribution for individuals in IMC 47 x ICS 41. Rating 0 - no symptom 1 - small
localised penetration 2 - small expanding lesions 3 - coalescence of brown spots 4 - expanding lesion
points 5 - large dark brown lesion.
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SURVEY OF SUGARCANE RATOON STUNTING DISEASE IN BARBADOS
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ABSTRACT: Sugarcane yields have declined dramatically since 1968 in Barbados, and there is an
urgent need for determination of the cause. Ratoon Stunting Disease (RSD) is seen as one possible cause.
In order to determine the incidence of RSD in the fields in Barbados, 3,100 plant samples were taken
from the fields across the island and were tested using Evaporative Binding-Enzyme Linked Immuno
Assay (EB-EIA). This survey showed the widespread occurrence of the disease in the commercial fields.
Five of the commercial varieties showed more than 10% positive samples. In addition, significant
differences were observed between ratoons for the five major commercial varieties. Some of the new
varieties under selection also tested positive for RSD.

INTRODUCTION

In Barbados, sugarcane was planted on about 8,000 hectares from which approximately 55,000
tonnes of sugar was produced, 1999-2000 crop. Yields of cane have declined dramatically since 1968
(Figure 1), and there is an urgent need for determination of its causes. RSD is thought to be one of the
possible causes, and this study attempted to verify this. RSD is caused by the bacterium Clavibacter xyli
pv. xyli (Cxx), and is known to be an economically important disease of sugarcane in most countries
where the crop is grown. The bacteria survives on plant debris. RSD is difficult to diagnose in the field
because of the absence of visible symptoms, and its presence could only be positively determined by
laboratory analysis of sap samples. Field experiments in South Africa have shown an average 20-40%
yield reduction due to RSD (Bailey and McFarlane, 1998). Studies on the ultrastructure of the RSD
infected plants have reported the bacterium to be in the xylem vessels frequently adjacent to the vessel
wall (Kao and Damann, 1980). Discoloration within the vascular bundles associated with RSD occurs in
fully differentiated nodes of relatively matured stalks, or, less commonly, in young stalks (Gillaspie and
Teakle, 1989). RSD is mainly transmitted through cutting tools and harvesters. Currently, about 80% of
the sugarcane plants in Barbados are harvested by machine. Mechanical harvesting increases the chance
of the disease spread within a field as well as between the fields.

Davis (1986) conducted a survey of RSD in Barbados and confirmed the presence of RSD. Thus
a survey of the current incidence of the disease in Barbados as well as information on the susceptibility of
the different varieties to the disease is important for the future development of the sugar industry.

MATERIALS AND METHODS
Collecting samples

Ten stalks per field at random were sampled. The field name, sugar cane variety, date of
sampling, plantation name, crop (plant cane or ratoon), acres and rainfall zone were recorded for each
sample. Equipment was sterilised between each sampling. Short lengths of cane were cut from the lower
nodal region of the stalk, one node and internode length. One end of the sugarcane was cut at right angle
and the other at a 45° angle. The samples were collected in the field with a small 12 Volt air pressure
pump. Air was forced through the cane and xylem fluid was collected in small tubes and sealed and
placed in a cooler with ice.
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The samples were brought to the laboratory where the Evaporative Binding-Enzyme linked
Immuno Assay (EB-EIA) procedure was carried out. Australian and South African sugar researchers
used this procedure routinely (Bailey and McFarlane, 1998 and Croft et al., 1994).

Testing samples (EB-EIA procedure)

Xylem extracts were brought to the laboratory and centrifuged at 3000 rpm for 30 minutes and
the supernatant discarded. The pellet was resuspended in 200 pl of coating buffer. A quantity of 100
ul/well sample was then added to the 96 well micotitre plates and placed in an incubator at 37 °C
overnight. For each sample three wells were used. The plate was then blocked with 200 ul per well of 5%
skim milk in Phosphate Buffered Saline Tween (PBST) for 30 minutes followed by one wash with PBST-
ween and incubated for one hour. RSD specific antiserum, 100 pl of 1/1000 dilution was added to each
well and incubated for one hour, the plate was then washed once with PBST. The second antibody, goat
anti-rabbit alkaline phosphatase conjugate 1/1000 dilution was added to each well and incubated for one
hour, followed by five washes of PBST. Finally 100 ul of substrate 0.1% 4-nitophenyl phosphate in 10%
diethanolamine buffer pH.9.8 was added and the absorbance at 405 nm was measured at 60 minutes with
microplate reader (Unikan II). Chi-square analysis was done using only plantations where 30 or more
samples were taken.

RESULTS

A sample was considered positive when the EB-EJA absorbance value was greater than the
average absorbance value of negative control plus three standard deviations.

There is widespread occurrence of RSD in the commercial fields in Barbados (Tablel). The

following plantations are free of RSD infestation: Fisherpond, Cottage, Spring Hall, Mount Pleasant,
Constant, Foursquare and Grove. Commercial fields across the island were sampled for the presence of
bacteria. Percentage positive samples based on commercial varieties planted in Barbados are presented in
Table?2.
The percentage of infestation levels at different crop stages for five of the major commercial varicties
planted in Barbados is presented in Table 3. The table shows a significant difference between the ratoon
crops in the major commercial varieties (P<0.001). Also there is a significant difference between the
varieties (P<0.01). But there is no interaction between variety and crop (P>0.05). Percentage infestation
of new varieties (stage 4 trial plots) is presented in Table 4. These varieties are still under selection. Only
the promising varieties were selected and further trials will be conducted

DISCUSSION

The study confirmed the reports by Davis (1986) and Daugrois (1999) with respect to the
presence of the disease in Barbados. This survey showed the widespread occurrence of the disease in the
commercial fields in Barbados. Out of the 22 plantations sampled 19 had RSD positive fields above 25%
with the highest being 80%. The data shows that out of the 11 commercial varieties five had percentage
positive samples of more than 10%. For the five major commercial varieties there were significant
differences between the ratoons as well as between varieties. The new varieties on trial (stage 4), which
are being currently evaluated by the Agronomy Research and Variety Testing Unit are also infected with
the RSD bacteria.

CONCLUSIONS AND RECOMMENDATIONS

It was recommended that trials to assess the yields be conducted on the major commercial
varieties. Screen the new varieties for the presence of RSD before they are released is worth considering.
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The new varieties on trial should be screened for RSD susceptibility before the promising varieties reach
the final stages of evaluation. Clean planting material, (seedcane) programme will help to reduce further
spread of the disease. Specific information such as seedcane sources and the extent of the disease in the
fields will aid growers to make practical management decisions. A disease free nucleus seedcane
programme is also recommended.
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Figurel. Sugarcane yields in Barbados between 1960-1996

Table 1. Percentage positive fields and percentage positive samples of commercial fields for ratoon
stunting disease in Barbados in 1999-2000 crop

Plantation Total No of fields Percentage of Total no. samples Percentage of
Sampled positive fields positive samples

Lancaster 5 80.0 50 22.0
Sunbury 5 60.0 50 16.0
Redland 9 45.0 90 20.0
Kendal 4 50.0 40 12.5
Edgecombe 26 46.0 260 11.0
Three Houses 9 44 .4 90 12.2
Malvern 7 42.8 70 12.8
Clifton 5 40.0 50 10.0
Warleigh 5 40.0 50 12.0
Dukes 3 33.3 30 6.6
Valley 3 33.3 30 6.6
Todds 3 333 30 10.0
Brighton 3 333 30 10.0
Lears 6 33.3 60 8.3
Staple Grove 6 333 60 10.0
Vineyard 9 333 90 5.5
Broomsfield 9 25.0 90 2.5
Hannys 4 25.0 40 5.0
Vaucluse 8 25.0 80 5.0
Spencers 6 16.6 60 3.3
Pleasant Hall 6 16.6 60 33
Rock Hall 8 12.5 80 3.8

Chi-squared = 42.082 (df=15) P=0.0002 (Very highly significant)
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Table 2. Percentage positive number of samples of major commercial varieties at different crop stages for
ratoon stunting disease in Barbados in 1999 — 2000 crop.

Variety Total number of Percentage of Total number Percentage of positive
o fields per variety positive fields of samples samples
B85764 3 66.6 30 16.6
Bg80251 17 52.9 170 16.4
B71383 4 50.0 40 17.5
B84930 7 42.8 70 11.4
B82238 37 37.8 370 10.5
B74541 28 35.7 280 9.2
B80689 21 333 210 8.5
B77602 36 25.0 360 5.0
B62163 10 20.0 100 4.0
B78436 5 20.0 50 4.0
B85266 6 16.6 60 5.0

Chi-square = 31.607 df=10 P=0.0005 (Very highly significant)

Table 3. Percentage infestation of major commercial varieties crop stages to ratoon stunting disease in
Barbados

Variey Percentage infestation

1* ratoon 2" ratoon 3" ratoon 4™ ratoon
B74541 41.6 20.0 50.0 *
B77602 2.7 1.6 7.1 15.0
B80251 16.3 18.3 20.0 *
B&80689 8.6 2.5 233 10.0
B&2238 9.1 10.5 15.7 *

* data not available
Ratoon. ( P<0.001), Variety (P<0.01)
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Table 4. “Percentatge positive samples of stage 4 varieties from Agronomy Research and Variety testing
Unit variety trials

Variety No of fields sampled Total no.of samples Percentage positive samples
B 85747 2 20 20.0
B 86699 1 10 30.0
B 87163 1 10 60.0
B 881104 2 20 25.0
B 881602 2 20 5.0
B 881607 2 20 10.0
B 881911 2 20 25.0
B 88812 2 20 35.0
B 901027 1 10 50.0
B 901227 | 10 20.0
B 90666 1 10 50.0
B 92534 2 20 10.0
B 93141 3 30 10.0
B 93143 3 30 16.6
B 93216 2 20 10.0
B 93220 2 20 25.0
B 93261 C 2 20 10.0
B 93310 2 20 35.0
B 93334 3 30 10.0
B 93440 3 30 6.6
B 93528 2 30 20.0
B 9356 3 30 23.3
B 93638 3 30 23.3
B 93775 3 30 13.3
B 93796 3 30 10.0
B 9380 3 30 20.0
B 9387 3 30 20.0
B 93873 2 20 15.0
B 93902 3 30 10.0
BR8230 2 20 25.0
Dg415 2 20 3.3
DB75159 2 20 35.0

*No analysis was done on this table.
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RESPONSE OF HOT PEPPER CULTIVARS TO LEVELS OF DRIP IRRIGATION
IN THE VIRGIN ISLANDS
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Islands, RR2, Box 10,000, Kingshill, St. Croix, U.S. Virgin Islands 00850

ABSTRACT: In the Virgin Islands hot peppers (Capsicum chinense L.) are a high value crop of which
there is great demand for both fresh pepper and processed products. Previous studies have identified
cultivars with high yields and good market potential. A field trial was established during the summer
season of 2000 to determine the response of hot pepper cultivars to levels of drip irrigation. Four cultivars
(‘Habanero’, ‘Red Scotch Bonnet’, ‘Yellow Scotch Bonnet’, and ‘West Indies Red’) were drip irrigated at
soil moisture levels maintained at -20, -40 and -60 kPa based on soil tensiometer. The trial was designed
using a split-plot in randomized block design. The drip irrigation levels were the main plots and the
cultivars were the subplots. Data on irrigation water use, plant height, and number and weight of fruits
were collected. Results indicated no significant (P>0.05) response to levels of drip irrigation. The
cultivars also did not differ significantly (P>0.05) in yield at each irrigation level. Significant differences
(P<0.05) in mean plant height, fruit size and number of fruits across irrigation levels were observed
among cultivars. Cultivars ‘Habanero’ and ‘West Indies Red’ produced higher number of fruits than
‘Red’ and ‘Yellow Scotch Bonnet’. Cultivars ‘Red Scotch Bonnet’ and “West Indies Red’ produced larger
fruits than ‘Habanero’ and ‘Yellow Scotch Bonnet.” Total water use was highest at irrigation level of -40
kPa and lowest at -60 kPa soil moisture. Water use efficiency was highest at irrigation rate of -60 kPa and
lowest at -20 kPa. This study indicates that increasing irrigation rate has no effect on hot pepper yield and
therefore hot peppers can be produced with minimum irrigation.

INTRODUCTION

In the U.S. Virgin Islands (USVI) as well as the rest of the Caribbean islands, hot pepper
(Capsicum chinense L.) is one of the most popular cash crops. It is commonly grown as a specialty crop
by small-scale farmers for local markets (Crossman et al., 1999). A number of countries in the
Caribbean basin are exploiting the excellent market opportunity and tremendous export potential of hot
pepper. West Indian hot peppers are considered to be elite among hot peppers and command premium
prices in export markets (Cooper et al., 1993). West Indian hot peppers imported to the U.S. sell for an
average of $0.25 per fruit or $33.00/kg in specialty markets (Marsh, 1988; 1991).

Small-scale farmers with limited resources can improve their income by growing hot peppers.
Production can be increased by growing improved cultivars combined with application of fertilizers, drip
irrigation and other improved crop management practices. Research information on improved cultural
practices for hot pepper production in the Caribbean is limited. Studies on the effect of plant density and
row spacing have been reported (Anon, 1988; Cooper et al., 1993; Marsh and Rhoden, 1990; McGlashan,
1988). Few studies have been conducted, concerning the influence of drip irrigation on hot pepper
production particularly in the semi-arid region of the Caribbean.

Drip irrigation is a highly efficient means of applying water and nutrients for the production of
high value vegetables such as hot peppers. Sweet peppers and chile type peppers have been widely
researched and there are numerous references in the literature regarding these crops. In contrast, there is
very little documented research on drip irrigation for West Indian hot peppers. Although some work on
Jalapeno peppers with respect to microirrigation management is available (Leskovar and Heineman,
1994), most recent information on microirrigation has been generated from experiments on the more
commonly grown bell pepper (Hemphill, 1990; Madramootoo and Rigby, 1991; Smittle et al., 1994; Van
Derwerken and Wilcox-Lee, 1988).
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There are a number of publications by various Caribbean ministries of agriculture and the
Caribbean Agricultural Research and Development Institute (CARDI) which makes reference to
production guidelines and profiles on the West Indian hot pepper (Cooper et al., 1993). None of these
research publications dealt specifically with irrigation or crop water use.

Although hot pepper has a long history of cultivation in many different ecological environments,
the crop has not attracted much attention for research (Yoon et al., 1989). Microirrigation research
conducted in the U.S. Virgin Islands with vegetables indicated that the practice is beneficial to production
(Locascio et al., 1992; Navarro, 1987; Navarro and Newman, 1989; Palada et al., 1995). Microirrigation
improved water use efficiency and increased yield and economic returns for vegetable crops. Sweet corn,
tomato and cucumber had yield increases of 26, 24 and 23%, respectively (Palada et al., 1995).
Microirrigation has also been found to improve the p