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FOREWORD

In the different production sectors, but especially agriculture, the
advent of a new technological revolution is creating pressure for a signifi-
cant improvement in research capabilities in the region, in order to avoid a
further widening of the technological gap between the region and more
developed countries. This demands a new type of research organization,
but also a different attitude on the part of researchers.

The Collaborative Vegetable Research and Development Network for
Central America, Panama and the Dominican Republic (REDCAHOR) has
accepted the challenge of bringing about the technological improvements
so urgently needed in vegetable production in the region. The overall
objective is to improve the quality of life for those who, in one way or
another, participated in the different processes associated with vegetable
production. To do this, it has proposed several lines of action, identified in
fora aimed at analyzing sectoral needs and attended by representatives
involved in the production of vegetables in the region.

Efforts focus on the development of new techniques for the biological
control of pests, the use of new and improved varieties that offer higher
quality products and greater yields, and the incorporation of new tech-
nologies that make work easier and enhance the competitiveness of pro-
ducers and the quality and quantity of information available for timely deci-
sion making. In addition, work is under way on a number of projects
which, given their nature, can be regional in scope, which will contribute
to improving the sector’s position in terms of world trade.

This book documents experiences in which contributions made by
REDCAHOR, in cooperation with national and regional institutions, have
led to improvements in the production systems and had an impact at the
local and/or regional levels. It does not include all the initiatives under
way, the tangible and potential benefits of same, or the true results of the
efforts of the Network to date.
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Initiatives are presented as specific case studies, and elements such as
technological packages, costs, yields, etc. are analyzed as needed. Hence,
it includes examples of efforts related to integrated pest management (bio-
logical control of the pepper weevil using Beauveria brassica and the use
of parasitoids to control Plutella xylostella in crucifers); the use of new tech-
niques such as trickle irrigation, and the incorporation of new varieties, in
the production of onion; the use of seed trays and hybrid seed in tomatoes;
institutional strengthening resulting from the incorporation of the REDCAHOR
projects; involving universities in bringing about improvements in produc-
tion, through course work on different aspects of vegetable production; and
the importance of projects aimed at improving communication.




1. GENERAL INTRODUCTION

Olericulture is the production of vegetables. This word is seldom heard
and instead we commonly use the term horticulture (Bolafios, 1998).

Vegetable production is an activity of great importance to the popula-
tions of tropical areas. It is of particular importance to the Central American
countries, Panama and the Dominican Republic - the members of the
Collaborative Vegetable Research and Development Network - REDCAHOR -
providing a major source of food, employment and resources.

There are 100,000 producers and approximately 230,000 hectares
planted in vegetables in the Network’s member countries. Although the
region produces a wide variety of vegetables, 60% of the area is planted
with just five products, as shown in the following figure.

Figure 1. Percentage distribution of
vegetables in the REDCAHOR countries.
Year 2000.

Potato
Others 9%  cCassaw
1% ¢ 19%
J Onion
7%
) nato
13% 1%

Source: Umaia 2000.



14 impact of REDCAHOR's action on the vegetable subsector in the region

Another characteristic of the vegetable sector is its dynamism.
Production is growing at an annual rate of 4.2%, while exports are increas-
ing by 13%, compared with an increase of 15% in imports.

However, per capita consumption of vegetables in the region is equiv-
alent to only one-quarter of that in developed countries. Statistics show that
each inhabitant in the region consumes 25kg of vegetables per year, com-
pared with 100kg. /year per person in developed countries.

In relation to trade, the region imports US$100 million of vegetables
annually, mainly potatoes (36%), onion (23%) and tomato (8%). The origin
of these imports is shown in the following figure:

Figure 2. Origin and percentage of imports in
REDCAHOR countries. Year 2000.

UsA
REDCAHOR 25%
37%

Others
17% 21%

Source: Umaia 2000.

Exports are valued at US $300 million annually, and consist mainly of
roots and tubers (19%), brassica vegetables (5%), melon (30%) and others
(46%). Figure 3 shows the destination of these exports.

Figure 3. Destination of exports from REDCAHOR
countries. Year 2000.

Others REDCAHOR
% 18%

Europe
. 13%
USA

83%
Source: Umaiia 2000.
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There are a number of factors that make the region’s agricultural sector
fragile, and it is therefore necessary to adopt new production methods and
restructure marketing. The area is very vulnerable to climatic events such
as storms, hurricanes, etc, which have caused heavy losses over the years.

For example, the direct and indirect damage caused by Hurricane
Mitch to Central American agriculture and livestock is estimated to have
cost the region US$3037 million, of which 85% (US$2588 million) corre-
sponds to agriculture (Central American Agriculture Council, 1999).

In addition, the percentage of losses suffered during the pre-harvest and
post-harvest phases of vegetable production are high, mainly due to plant
health problems (pests and diseases) and the lack of appropriate technolo-
gy to provide the best possible treatment of crops and harvests. Although
the region has a rich biodiversity with promising characteristics and great
potential for exploitation, work in this area has been lacking.

Finally, little information is available, and when it is available it is often
not easily accessible. This suggests the need to focus efforts on improving
information systems and the quality and availability of the data itself, to
facilitate better and more timely decision-making.

It is important to be mindful of the following trends that are now
evident in vegetable production:

¢ Demand for organic vegetables is growing rapidly as a result of con-
cerns about environmental degradation, pollution and human health.
Organic produce is the most dynamic sector of the vegetable industry,
with a 25% annual growth rate.

¢ There is a need for intensive production, which may be achieved
through greater efficiency and through the use of technological and sci-
entific advances adapted to the particular needs of each region and
each crop.

¢ Use of biotechnology is constantly increasing. Work is under way in
areas such as genetics to select varieties that are of high quality and
also show resistance and/or tolerance to pests and diseases.
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¢ Food safety is an aspect that requires care from the very start of the pro-
duction process to the end of the marketing chain, when the product
finally reaches the consumer. This is an issue of growing concem and
guidelines are now being set for the entire vegetable production
process. These may soon become mandatory regulations for producers
and traders.

Given these trends, there is an urgent need to introduce changes
into the ways vegetables are produced and processed in all the coun-
tries of the region. The lines of action established by REDCAHOR
respond to that need. The advances achieved to date are of the utmost
importance and allow us to visualize a more dynamic and efficient
vegetable sector.

The question of Integrated Pest Management (IPM) has been tack-
led by concentrating efforts on the region’s main pest problems.
Studies have been conducted on the whitefly (Bermisia tabaci) to
reduce the negative impact caused by the gemini viruses'!, which are
transmitted by this insect. REDCAHOR has also focused its efforts on
the pepper weevil (Anthonomus eugii), which is responsible for major
losses of sweet pepper crops, and important advances have been
achieved in the control of this pest through the use of parasitoids such
as Beauveria bassiana. In the case of crucifers, particularly cabbage,
the main problem is Plutella xyllostela, which not only affects the qual-
ity of crops, but also reduces the yield per area.

The results achieved in onion trials and in commercial plots using
new technologies and varieties have shown a more than 200%
increase in profitability. If these varieties continue to be validated, the
technology may eventually be transferred to all countries participating
in the Network, greatly benefiting the onion sector.

All these initiatives not only imply increased efficiency in produc-
tion, but also offer the additional benefit of sustainable development,
an essential component of any program or development project.
Protecting the environment through the use of "green" or friendly tech-
niques, such as IPM programs, together with the economic benefits

1 Atype of virus that attacks certain crops.
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generated by the new technologies, will undoubtedly improve the
quality of life for families engaged in vegetable production, and will
therefore benefit the region as a whole.

The regional scope of all these initiatives suggests that we are on
the verge of a major leap forward in the area’s vegetable production.
The Network’s positive impact - now and in the future - is undoubted-
ly of vital importance, particularly at this point in time, when change
is the order of the day. It is essential to expand our work and validate
many varieties of different crops that have "passed the test" in the tri-
als. Constant improvement is necessary. The Network is all about
research and joint efforts which, in the end, will bring positive trans-
formations to a sector eager for change.






CASE DESCRIPTIONS






TOPIC I: INSTITUTIONAL STRENGTHENING

1. Introduction

One of the factors that has characterized the region’s agricultural sec-
tor is the presence of different institutions that are working on similar issues
or fields, but which operate separately and with an individual focus. This
often leads to a duplication of efforts and therefore to a waste of resources,
given that similar projects are undertaken by different institutions or organ-
izations, without effective communication between them. In addition, the
frequent absence of links between the public and private sectors normally
translates into competition rather than collaboration to achieve common
goals. The vegetable sector is no exception and, in fact, in many cases, the
subject of vegetables has been sidelined in the discussions; this lack of
knowledge and information about vegetable production compounds the
difficulties of the producers, who are eager for solutions.

In this context, REDCAHOR has done much to facilitate communica-
tion among different organizations, producers, technicians, universities, the
private sector and public institutions. Gradually, more groups have joined
in this initiative with the aim of offering their contributions and support in
areas such as the organization of events, production and validation of tech-
nology, contribution of materials, training, etc. Links have been created
and strengthened between different actors in the field of vegetable produc-
tion, and this trend has spread throughout the region.

Greater institutional strengthening undoubtedly benefits the vegetable
sector and provides opportunities to enhance its competitiveness in the
region. It makes it increasingly possible to explore different avenues and
find comprehensive solutions to existing problems.

2. The Case of the Dominican Republic

In the Dominican Republic, many institutions linked to the agricultur-
al sector have undertaken a variety of work, particularly in agricultural
research. However, these initiatives have mainly taken the form of indi-
vidual efforts, with no institutional links to guarantee a coordinated partic-
ipation and achieve more effective and reliable results. This has meant that
human and financial resources are often invested in areas or issues where
other organizations are already working, leading to a duplication of efforts.

The Collaborative Vegetable Research and Development Network for
Central America, Panama and the Dominican Republic (REDCAHOR), has
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contributed to the formation of a multidisciplinary work team composed of
technicians and professionals from various public and private institutions,
who assess the sector’s basic needs and suggest the areas in which veg-
etable research should be focused at the national level.

2.1. Background and Innovation

a. The Dominican Republic has lacked a programmatic line of action
with a single set of criteria to guide studies and research in the most
crucial areas of vegetable production. At present, the country has a
group of technicians and professionals trained in vegetable production,
but this group must be consolidated so that it can implement more
comprehensive projects to enable the country to respond to the new
models and demands of the national and international markets.

b. A multidisciplinary work team was formed with more than 25 special-
ists and technicians from six private and public institutions, to carry out
different actions at the national level, focusing on research, technology
transfer and training. This strategy implies coordination and planning
to ensure that the team does not disintegrate and that it can be perma-
nently maintained. Easy-to-understand information is distributed to
vegetable producers on an ongoing basis, to keep them abreast of new
developments and technologies in the area of vegetable production.

2.2. National Impact
2.2.1. Generation and adaptation of technologies

During the period 1998-1999, 25 trials were conducted in seven
vegetable-growing areas of the Dominican Republic, and another 30 were
carried out during 1999 -2000. Some of the most important results of these
trials are as follows:

a. Genetic resources - A total of 34 promising materials were selected: 16
for tomato and 18 for peppers (annexe 1).

b. Commercial cultivars - Some promising materials were obtained.
However, since results have been inconsistent, trials continue in the
field. Cultivars such as HA 3111, despite showing symptoms of virosis,
yielded good results.
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c. Pepper cultivars - It was found that 7 cultivars showed higher yields
than expected.

These results represent the first steps of a systematized process to
improve the production, yields and quality of vegetables in the Dominican
Republic.

2.2.2. Dissemination and transfer

a. During the period 1998-1999, four field days were organized at the
following Centers and Stations: CIAZA (Azua), Escondido (Bani), Nigua
(San Cristobal), Constanza (La Vega). An average of 1000 vegetable
producers from the country’s different production zones participated.
Technicians and producers who participated in the field day at
Escondido were very impressed by the developments and progress in
the scientific research, which was evident in the trials set up in the
different stations. The results of these trials are described in the DIA’s
bulletins and technical magazines.

b. During the period 1998-2000, eight information sheets were published
containing the results of trials, and two specialized magazines were
circulated at national level.

2.2.3. Training

To date, 25 technicians have been trained using various methodologies
such as courses, workshops and others. However, the numbers of partici-
pants in some activities, such as the seminar-workshop on integrated pest
management for brassica vegetables, held in 1998, and the tomato course
in 1999, has increased considerably since each of these events was attend-
ed by 85 people, 30% of whom were Dominicans. All these activities have
either been organized directly by the Network (courses, workshops, semi-
nars) or have been sponsored by it (PCCMCA, meetings Latin American
IPM, etc.)

Below is a table with a summary of the background, innovation and
impacts of REDCAHOR in the Dominican Republic.
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Table 1. Dominican Republic. Summary table: Institutional
Strengthening, Formation of Inter-institutional Work Team
for Vegetable Research at the National Level.

Background and innovation

Impacts and verifiable indicators

a.

The Dominican Rep. did not have
a team of vegetable specialists
who, under a programmatic line
of action, could reach consensus
on criteria to conduct studies in
priority areas to respond to the
needs of vegetable producers

. A multidisciplinary work team

was set up with more than 25
experts and technicians from 6
institutions to initiate planned
actions in the areas research,
technology transfer and training
at national level.

. The establishment of the multidis-

ciplinary team facilitated the
attraction of national funds to use
as matching funds for research
projects, and guaranteed the con-
solidation of the National
Network, beyond REDCAHOR.

1. Generation and adaptation of

1.1. 25 trials were carried out in 7 locations
during the period 1998 — 1999.

1.2. 30 trials were carried out in 6 locations
during the period 1999 - 2000.

2. Dissemination and transfer

2.1. 4 field days were organized with the
participation of more than 1000 pro-
ducers during the period 1998 - 99.

2.2. A field day was organized (Azua) with
the participation of more than 150 pro-
ducers during the period 1999 - 2000.

2.3. 8 information sheets were published
containing the results of trials during the
period 1998 - 2000.

2.4, 2 specialized magazines were circulat-
ed at national level during 1999 - 2000.

3. Training

3.1. 25 technicians received international
training in courses, workshops, semi-
nars and conferences.

3.2. A national workshop was held on
Integrated Pest Management, with the
participation of international experts

3.3. An international course on tomato pro-
duction was organized, with the partic-
ipation of 120 technicians from Central
America and the Caribbean.

Source: Directorate of Agricultural Research. Secretariat of State for Agriculture

of the Dominican Republic
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2.3. Institutional Cooperation

Through the trials conducted by the Network, which have provided
guidelines and material for work on genetic improvement in the country,
representatives of the institutions participating in the Network and those
involved in the implementation of the trials, have obtained a deeper and
better knowledge of work on genetic resources, improvement of varieties
and the development of technologies. This has served to increase the gen-
eral pool of knowledge available to the region’s vegetable sector. Similarly,
it has been possible to coordinate actions among the different institutions
associated with vegetable production, such as:

¢ Agricultural Research Department (DIA), Secretariat of State for
Agriculture (SEA)

Dominican Society of Agricultural and Forestry Researchers, SODIAF
Pedro Henriquez Ureila National University UNPHU

Autonomous University of Santo Domingo, UASD

Institute for Higher Education in Agriculture, ISA

Dominican Agribusiness Board, JDA

Association of Manufacturers of Canned Agricultural Products,
AFCONAGRO

IICA Cooperation Agency in the Dominican Republic

Loyola Polytechnic Institute, IPL

Project to Develop the Northeast Line, PROLINO

Bayer Dominicana (Private agrochemical company)

Fertilizantes de Santo Domingo, FERSAN (Private agrochemical com-
pany)

Fertilizantes Quimicos Dominicanos, FERQUIDO (Agrochemical com-
pany)

Agrocentro (Seed company)

Agrarian reform producers (Dominican Agrarian Institute)

L 2R 2R B 2% 2% 4

L 2 2 B 2% 4

L 4

L 2R 2

3. Conclusions

The institutional strengthening that has taken place in the Dominican
Republic was undoubtedly achieved through the efforts of REDCAHOR,
and through its work to link and coordinate joint actions among the differ-
ent institutions of the Dominican Republic and the other countries partici-
pating in the Network.
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The process facilitated by the Network has enabled institutions to work
together and has helped to reach consensus on criteria and define priorities
regarding the necessary actions to improve vegetable production.

This has served to strengthen professional and inter-institutional rela-
tions, offering the prospect of a lasting effect.

Another result of REDCAHOR's work has been to promote relations
between academia and the private sector, forming a great collaborative chain.

A secondary - but no less important - result is the improvement that has
taken place in the training of people in the public sector and educational
institutions, and the fact that it has been possible to carry out all these tri-
als under unified and clear guidelines, with well-defined objectives, there-
by reducing the duplication of functions.

4. Regional Impact

A much greater level of collaboration is now evident among public-
and private-sector institutions in their efforts to develop comprehensive
solutions to the needs of the region’s vegetable sector. The efforts made to
date promise a joint and lasting enterprise that transcends the national bor-
ders of each country and the development of individual elements and com-
posite systems, of technologies and activities to benefit all the countries
participating in the network.

The phenomenon of institutional strengthening has not been limited to
the public sector, but has also included many private companies and uni-
versities that generate technologies and knowledge applicable in the differ-
ent geographical zones of the region. While the level of collaboration is
currently much greater than it has been in the past, like most things, there
is always room for improvement.

By integrating the different actors that participate in the vegetable
chain, everyone’s work becomes less complex and turns into a more sys-
tematic and streamlined effort that is easier to implement.

Increased communication facilitates - and will continue to facilitate -
the gradual elimination of the duplication of functions, a problem that is
still evident in the region today, though to a lesser extent than before, and
which has wasted resources that might have been used in projects for real
improvement.
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1. Introduction

The goal of integrated pest management (IPM) is to protect crops, while
causing as little damage as possible to the environment. As regards veg-
etable production, one of its goals is to reduce the number of pests. IMP
involves both prevention and cure. The use of preventive practices can
reduce the number of applications of pesticides, thus saving money and
reducing damage to human health and the environment. (Scholaen, 1997)

Integrated pest management is based on a number of different factors,
including ecological, economic and social considerations. (CATIE, 1993)

Ecological considerations focus on reducing the use of agricultural
chemicals as a means of protecting the environment and breaking the so-
called vicious cycle of pesticides (CATIE, 1993), which is attributed to three
biological processes: resistance, the re-emergence of primary plants, and
outbreaks of secondary diseases.

Economic considerations include the need to strike a balance between
the use of cultural practices that will increase yields and at the same time
reduce production costs, which implies joint efforts among producers, the
government and other collaborating institutions. The capability to strike
this balance is critical in an IPM program since it involves a number of fac-
tors, such as avoiding the use of large amounts of costly agricultural chem-
icals, replacing this practice with biological pest management and control
programs, whose integration into the production sector also requires a lot
of time and money.

Social considerations include all the ecological and economic benefits
of an IPM program. Both the positive and negative externalities of using,
for example, biological means to control pests imply a change in the gen-
eral well-being of the families in the given area.

Given the above, and the inherent importance of vegetables in Central
America, the control of pests is a major focus of the work of both special-
ists and producers.

The transfer of IPM technologies to people linked to production is a pri-
ority in efforts to achieve sustainable agriculture. (CATIE/MIP No.53, 1999)
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Integrated pest management is a regional priority for several institutions
involved in the agricultural sector, to wit: the Tropical Agriculture Research
and Higher Education Center (CATIE); the Inter-American Institute for
Cooperation on Agriculture (IICA), through the REDCAHOR project; the
Science and Agricultural Technology Institute (ICTA) of Guatemala; the
Agricultural Technology Center (CENTA) of El Salvador; the Secretariat of
Natural Resources of Honduras; the Ministry of Agriculture and Livestock
(MAG) of Costa Rica; and the Agricultural Research Institute of Panama
(IDIAP),

REDCAHOR is promoting several research lines in collaboration
with other institutions, such as:

Efforts to contol whitefly (Bemisia tabaci)

Bemisia tabaci is one of the greatest problems faced by producers of
solanaceous plants (especially tomatoes and peppers) in Central America.
Its most important characteristic is that it transmits gemini viruses that
attack crops. Bolaiios (1998) describes it as one of the most serious threats
to tomato production worldwide.

This insect can be found throughout vegetable-growing regions. It is
polyphagous, feeding on more than 500 species of plants distributed
among 74 families around the globe, especially the Compositae,
Cucurbitaceae, Leguminosae and Solanaceae. (Salaguero, 1996. REDCAHOR,
1999).

Given the importance of finding new methods for controlling whitefly,
the network has conducted a number of trials aimed at evaluating different
aspects of biological control within the framework of integrated pest man-
agement.

In this regard, 15 materials were evaluated in the La Libertad
Department of El Salvador, including hybrids, varieties and advanced lines
of tomatoes for fresh consumption with specific growth patterns. The mate-
rials were from several commercial firms and institutions conducting
vegetable-related research in Central America, and were distributed by
REDCAHOR. (CATIE, 1998)
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The most significant results of work with these genotypes were
obtained with the Emperador, Peak Reap and Heat Master cultivars, all of
which showed production levels well above those of the cultivars tradi-
tionally used.

Efforts aimed at reducing losses caused by Plutella xylostella

One of the major problems affecting cabbage cultivation in Central
America is the Plutella xylostella (diamond-back moth, cabbage moth). It
causes more damage in this region because host plants and ideal tempera-
tures (25-35°C), which promote its development and multiplication, can be
found all year round. This insect does most damage during the larval stage,
feeding on the heart, head and outer leafs of crucifers. (CATIE / MIP, March 1999).

In most of the countries, a variety of chemical products have been used
to combat this pest. However, given the insect’s ability to develop resist-
ance to synthetic pesticides, it continues to do great damage.

MIP (CATIE, September 1999) mentions, for example, that in Costa
Rica, a country where the level of resistance is still manageable, the insec-
ticides most commonly used to control this pest are the pyrethroids,
Bacillus thuringiensis, and the organophosphorate compounds.

Given the well-known consequences (residues, contamination, etc.) of
the intensive use of synthetic products for pest control, the incorporation of
IPM programs to control P. xylostella provides an attractive alternative.

Programs for the integrated management of cabbage pests, including P.
xylotella, have been introduced in all the Central American countries.
Since 1998, REDCAHOR has been supporting the Interinstitutional and
Interdisciplinary Group on Vegetable Systems (GIISH) and the National
Agrarian University (UNA) of Nicaragua in a program to breed Cotesia
plutellae and Microplitis plutellae to control P. xylstella. (CATIE/MIP, March
1999)

These two parasitoids (C. plutellae, M. plutellae) are the most suitable
for this region, especially as regards the agro-ecology of cabbage cultivars.
Another parasitoid of P. xylotella that has been included in the evaluation
program is Diadegma insulare. (CATIE/MIP, june 1999)
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2. Nicaragua: Biological Management
of Diamond-back moth (Plutella xylostella)

The Nicaraguan economy is heavily dependent on agricultural pro-
duction for domestic consumption, especially the products that make up
the family shopping basket (rice, beans and corn). Some areas have also
specialized in the production of vegetables. The country’s agricultural
exports include products such as coffee, sugar cane, and beef and dairy
products and byproducts.

Gurdian, F. (1999) concluded that in some areas of Nicaragua the
conditions are excellent for producing vegetables, but this potential has
not been exploited due to the lack of programs to promote such produc-
tion. Vegetables are a high-risk crop because they are perishable and
expensive to produce, and face stiff competition from imports from
neighboring countries.

The main vegetables produced in Nicaragua include tomatoes, cab-
bage, onions, bell peppers, carrots, beets, lettuce and broccoli. The prin-
cipal areas of production are to be found in the north of the country (in
Matagalpa, Jinotega and Esteli) and in the central region (Boaco, Zona
Oriente and Carazo), with the largest areas planted in vegetables being
located in Esteli, Jinotega, Matagalpa and the Valle de Sebaco. The vegeta-
bles produced in these areas are used to supply the country’s largest cities
and also for the international market, the main source of income.

Given the fact that Nicaraguans traditionally consume vegetables as
part of their daily diet, these products have the potential to contribute to the
development of the national economy as a whole and, in particular, to the
small-farm economy that produces them.

Cabbage (Brassica oleracea) has long been one of the main vegetables
produced in Nicaragua. It is grown in parts of Esteli, Matagalpa, Masaya,
el Crucero and Carazo. The total surface area under cultivation is estimat-
ed to be 1000 manzanas, with cabbage being grown primarily by small
farmers who produce between 13,700 and 18,000 units per manzana
(MAGFOR, 1998).
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Cabbage is grown on hillsides in the highlands of Nicaragua. Small-
and medium-scale producers grow cabbage as a single crop, within diver-
sified production systems. Following the recent introduction of new vari-
eties adapted to hot climates, producers in lowland areas have also begun
to grow this crop on flatlands. Cabbage has traditionally been grown in
Nicaragua at altitudes of between 600 and 1500 meters above sea level,
where the temperature ranges from 15-280C. The new varieties can be
grown at altitudes of between 100 and 500 meters above sea level.

Cabbage is consumed in Nicaragua all year round, with planting tak-
ing place in both *Primera" (40%) and “Postrera* (40%)'. Since 1997, lim-
ited quantities of cabbage have been exported to El Salvador (MAGFOR
1999). The high costs involved in producing cabbage are a major problem,
ranging from C$8347 (MAGFOR 1998) to C$9394.40 (MAGFOR 1999) and
C$9849.19 (Gurdian 1999). The cost of controlling pests accounts for
between 31.91% and 34.73% of the total cost.

Commercialization is another problem area for producers, since they
do not receive a fair price for their produce. Gurdian (1999) conducted a
study on profit margins in the commercialization chain. He found that pro-
ducers make a profit of US $ 0.90 per dozen cabbages, selling their output
without proper planning and, as a result, not obtaining the best market
price. Then comes the first middleman, the carrier, who, in addition to
recouping the cost of transporting the produce, adds 30% to the initial
price. The next link in the chain is the broker, an intermediary between the
carrier and the wholesale market who charges, on average, another 30% for
handling the produce. The produce is then sold at the wholesale market to
retailers and supermarkets, with another 50% being added to the price.
Finally, the retailers’ markup averages 30%, while supermarkets add on a
minimum markup of 35%. Next diagram shows the chain for the com-
mercialization of cabbage.

1 These are the names in Spanish of the two main planting seasons (May and
September/October).
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PRODUCER

CARRIER

BROKER

WHOLESALE MARKET

RETAILERS SUPERMARKETS

Diagram 1. Chain for the commercialization of cabbage.

Source: MAGFOR, 1998.

2.1. Plutella xylostella (diamond-back moth)

The biggest problem with regard to cabbage growing is the control of
pests, especially Plutella xylostella (Order: Lepidoptera. Fam.: Plutellidae),
known as the diamond-back or cabbage moth. This pest causes defoliation
and mines into the head of the cabbage. When moths are present in large
numbers, the quality of the product, or yields, decline.

The pest is combated mainly with chemical products, which are
applied from 8 to 15 times between planting and harvesting. Trabanino
(1998) points up factors that make control difficult and, at times, impossi-
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ble, in some areas: the moth’s high proliferation rate, short generation time,
adaptation to different environmental conditions (10°C - 50°C) and cryptic
feeding, the presence of leaf wax that makes aspersion less efficient, and
the moth’s ability to develop resistance to insecticides and to migrate.
Tropical varieties have been introduced that tolerate temperatures of
between 22°C and 35°C; P. xylostella reproduces in these conditions, mak-
ing control more difficult and more costly.

Figure 4. Insect pests that affect the cabbage crop during its
different phenological stages (Trabanino, 1998).

pg RS

White grub (Phyllophaga spp.)
Cutworms (Agrotis sp.)
Leaf beetles (Diabrotica sp.) Cabbage moth (Plutella xylostella)
Leaf-eating worms (Spodoptera sp., A. monustes, L. aripa)
Aphids (Brevicoryne brassicae)

The amount of damage done to the cabbage depends on when the
moth attacks the crop. From day 20, when the heads form and fill out,
infestations of the moth cause losses that affect the quality of the harvest.
Cabbage plants must, therefore, be protected, beginning 20 days after they
are transplanted and until they are harvested (Diaz, J. 1999).

2.2. REDCAHOR’s Contribution

The National Agrarian University, through its School of Plant Health,
began to implement integrated pest management practices in 1990. In
1995, at the request of experimental producers in Esteli, studies were car-
ried out on management techniques that use biological insecticides, to try
to solve the main problem faced by producers: the effect of P. xylostella on
cabbage crops. The insecticides used for this stage were B. bassiana,
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B. thuringiensis and the botanical insecticide nim 20. In recent years, stud-
ies conducted on combinations of crops have identified natural enemies
that help reduce this pest. The best combinations are: cabbage-tomatoes,
cabbage-carrots, cabbage-chamomile and cabbage-beets (Miranda, F. &
Zamora, M. 1996).

In 1997 and 1998, preliminary studies on natural enemies of cabbage
pests were carried out. The main parasitoid identified was Diadegma insu-
lare, but it parasitized only 40% of diamond-back larvae, which was not
very efficient. Preliminary studies were carried out at the same time on
breeding and biology (Brenes, J. 1998) and field releases, with producers in
the Department of Esteli (Perez, H. 1999).

In 1995, a diagnostic study conducted among cabbage producers in
the community of la Almaciguera (Esteli) revealed that 93% used chemical
pesticides. A rapid survey of these same producers in February 1999 found
that 55% were found to be using Dipel, while 33% used Dipel plus a chem-
ical insecticide. This shows how the current efforts have helped reduce the
use of chemical pesticides in cabbage crops. Other communities are faced
with similar problems related to the use of pesticides, which poses a seri-
ous threat to children that help their parents on the farm. For example, in
the communities of la Laguna and Cesteo, 84% of producers use chemical
products for their cabbage crops, while only 16% use Dipel.

The larval parasitoid Diadegma insulare (Hymenoptera:
Ichneumonidae) exists in Central and South America. This helps reduce
populations of the moth, mainly at high elevations and when plots are man-
aged using microbial and botanical insecticides. The eggs of Plutella
xylostella are also parasitized by Trichogramma spp. (Hymenoptera:
Trichogrammatidae). This parasitoid is reproduced mainly to control the
eggs of Lepidoptera larvae (Helicoverpa zea, Spodoptera ssp., etc.), but is
not commonly used to control Plutella xylostella in cabbage crops.

In 1997, as part of a regional plan overseen by REDCAHOR, efforts
were made to promote the introduction, multiplication and release of exot-
ic parasitoids of P. xylostella imported from the Asian Vegetable Research
and Development Center (AVRDC) in Taiwan. A group of parasites have
been identified that are very effective in controlling the cabbage moth, such
as: Diadegma semiclausum (Hellen), Cotesia plutellae (Kurdjumov),
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Microplitis  plutellae (Muesebeck), Oomyzus solowskii (Kurdjumov) and
Diadromus collaris (Gravenhorst). In late 1997, the network presented a
proposal for the introduction of a parasitoid of P. xylostella called
Diadegma semiclausum into the region. This proposal was considered by
the Inter-institutional and Interdisciplinary Group on Vegetable Systems
(GlISH) at CATIE-Nicaragua. Following a discussion of the advantages and
disadvantages of this proposal, it was recommended that research be car-
ried out to evaluate the compatibility of the parasitoid with the native par-
asitoid D. Insulare.

In 1998, with assistance from REDCAHOR, the National Agrarian
University sent one of its specialists to the AVRDC in Taiwan to learn about
the technology for breeding parasitoids, with a view to transferring this
knowledge to the members of the Network (Miranda, F. 1998). The AVRDC
stresses the importance of biological control as part of IPM strategies to
combat the moth.

In May 1998, the larval parasitoids C. plutellae and M. plutellae were
introduced into Nicaragua, and D. semiclausum from Taiwan into
Honduras. In the latter case, the aim was to conduct research on repro-
ductive biology with the native parasitoid D. insulare (Castelo 1999). In
December 1998, the parasitoid was released for the first time in the
Departments of Esteli, Matagalpa and Jinotega, in a joint effort with the
Nicaraguan Agricultural Technology Institute (INTA). The preliminary
results suggested that C. plutellae was suited to lowland areas (Molina, J.
1999). In March 1998, a workshop on the breeding of parasitoids was held
for specialists and producers from all the member countries of the Network.
The parasitoids are now being distributed among all the REDCAHOR mem-
ber countries.

The results of establishing C. plutellae in the Sebaco area are regarded
as a success, since the parasitism of the parasite introduced was greater
than that of the native parasite (D. insulare). The two species of parasitoids
showed a high percentage of emergence (over 67%) in the three areas
where they were released, suggesting that the breeding and release meth-
ods are not a constraint to field releases of the parasitoids. D. insulare and
C. plutellae produced a high level of parasitism at 450 meters above sea
level (Molina, J., 1999).
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Photograph 1. Establishment of trials for the biological control of Plutella xylostella
using parasitoids, Nicaragua.

Table 2. Nicaragua. In-field parasitism of parasitoids at the Valle
de Sebaco Experimental Center, 1999,

Date % % % % Total %
parasitism of  parasitism  parasitism parasitism  parasitism
C. plutellae M. plutellae  D. insulare parasitoids

introduced

24/02/99 0 0 20.00 0.00 20.00
05/03/99 0 0 2143 0.00 21.43
08/03/99 0 0 28.57 0.00 28.57
12/03/99 0 0 17.24 0.00 17.24
15/03/99 0 0 9.52 0.00 9.52

19/03/99 0 0 9.00 0.00 9.00

29/03/99 0 0 14.08 0.00 14.08
06/04/99 0 0 20.00 0.00 20.00
13/04/99 10.66 2 22.66 12.00 34.66
21/04/99 10 2.68 32.08 12.68 44.77
28/04/99 12.32 4.34 38.89 16.66 55.55
06/05/99 19.1 5.22 36.49 24.32 60.81
12/05/99 554 7.24 34.32 62.68 97.00

Source: Molina 1999.
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Table 3. Nicaragua. In-field parasitism of parasitoids at the San Jose
de las Latas Center, 1999.

Date % % % % Total %
parasitism of  parasitism  parasitism parasitism  parasitism
C. plutellae M. plutellae D. insulare parasitoids

introduced
29/03/99 0 0 24.44 0.00 24.44
05/04/99 0 0 11.76 0.00 11.76
13/04/99 0 0 25.58 0.00 25.58
19/04/99 0 0 50.00 0.00 50.00
27/04/99 0 1.36 47.94 1.36 49.31
10/05/99 294 294 47.05 5.88 52.94
17/05/99 0 0 40.00 0.00 40.00
24/05/99 0 0 33.33 0.00 33.33
31/05/99 0 0 42.85 0.00 42.85
08/05/99 0 0 41.66 0.00 41.66

Source: Molina 1999.

The third parasitoid, D. semiclausum, recommended for upland areas,
was received in August 1999. After the quarantine procedures (Cerda, K.
et al. 2000) and laboratory studies were completed, the parasitoid was dis-
tributed among the other members of the Network and released for the first
time in the department of Esteli, in the community of La Almaciguera,
located at 1200-1450 meters above sea level. In field tests, up to 80% par-
asitism was achieved.

March 2000 saw the inauguration of the first local biological control

laboratory, in the community of La Almaciguera, where producers will be
breeding exotic parasitoids.

2.3. Conclusions and Recommendations
2.3.1. Conclusiones

With the aid of REDCAHOR, three larval parasitoids of Plutella
xylostella have been introduced into Nicaragua.
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A biological control laboratory specializing in the breeding and multi-
plication of C. plutellae, M. plutellae, Diadegma insulare, Diadegma semi-
clausum and P. xylostella, has been established in the community of La
Almaciguera.

A total of 74,351 exotic parasitoids have been produced since they
were first introduced.

The first local laboratory for the biological control of crucifers by small
farmers has been inaugurated in Central America.

The establishment and control of exotic parasitoids in five localities in
the departments of Esteli, Matagalpa and Jinotega were evaluated, making
it possible to identify the agro-climatic characteristics of same for future
research.

2.3.2. Recommendations

There is a need for field evaluations of the occurrence and number of
parasitoids by area and by density of the pest, to ensure that the parasitoids
regulate and control the pest at permissible levels.

It is necessary to evaluate releases of these parasitoids in combination
with other integrated pest management options, which would increase the
effects of the parasitism of the species that perform best in areas where cru-
cifers are produced.

Follow-up to the transfer phase, through the local laboratory, is essen-
tial to confirm the success of the adoption of the alternative for managing
P. xylostella in crucifers.

Further studies are needed to confirm the results and to be able to pro-
vide a safe and effective alternative that is economically compatible with
current conditions of agriculture in the region.

2.4. Regional Impact

P. xylostella is a pest that affects the entire region. Chemicals have
been used to combat the pest, but are becoming less and less effective.
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Trials have demonstrated the effectiveness of using parasitoids to control
this pest. This could mean gnificant reductions in the use of synthetic pes-
ticides, which would be beneficial to the environment. Reductions in crop
losses and the use of chemicals would mean increased profits for produc-
ers and, as a result, better living conditions.

3. The Case of Costa Rica. Management of the Weevil
(Anthonomus eugenii) in the Production
of Sweet Peppers and Hot Peppers

The problem of pests has been addressed predominantly for years by
placing the greatest importance on using synthetic pesticides to combat
them. Since then, the production of pesticides has increased, because their
initial success accentuated the trend of placing too much faith in their effec-
tiveness. Consequently, research into other options for pest management,
such as cultural practices and biological control, was virtually abandoned.
(CATIE, 1993).

Following the green revolution, the intensive use of chemical products
resulted in problems including greater resistance to them by pests, signifi-
cant soil contamination, and agricultural products that had a negative effect
on human health. Also, the increased use of pesticides increased the cost
of foods, translating into lower profitability for most productive activities.

As a result, new ideas have emerged in crop management with a view
to improving the socio-economic and productive conditions of farmers; one
of these is Integrated Pest Management (IPM).

In the countries of Central America, particularly Costa Rica, pests are a
fairly serious problem. Important losses occur at the pre- and post-harvest
stages and, on occasion, there are even total losses.

For this reason, several institutions and organizations such as the
National Production Council (CNP), the Ministry of Agriculture (MAG) and
REDCAHOR have undertaken the task of conducting different trials, includ-
ing IPM, in pepper plantations. The results are encouraging. Levels of loss
have been reduced in plantations where biological control of the weevil
has been put into practice, using natural elements such as Beauveria
bassiana.
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The principal details of the work carried out and the results obtained
are described below. Information of the trials conducted with sweet pep-
pers (Capsicum annuum), in Grecia, Alajuela, and hot peppers (Capsicum
sp), in Portollano, Coto Brus, are included.

3.1. Description of Anthonomus eugenii 1

This pest is also known in Spanish as picudo del chile (pepper weevil),
gorgojo del pimiento (pepper mite), antonomo del pimiento, centorrinco,
falsa potra, barrenillo del pimiento (pepper borer). It belongs to the
Coleoptera family and attacks species of the Capsicum genus such as
sweet, jalapefio and tabasco peppers.

The eggs are laid in holes bored by the female into the floral buds in
the early stages of the development of the fruit. Larvae take from 8 to 10
days to complete development and measure 5-6 mm. when mature. They
are legless and whitish-grey in color, with a brown head. They develop into
pupae inside the fruit. Pupae are creamy-white in color and mature with-
in a characteristic cell, and can be seen with the naked eye, displaying most
of the parts of the adult. It takes 4 to 6 days for pupae to become aduilts.
Adult weevils are 3 mm long, black, covered with sparse short grey or
whitish hairs. Their strange long beak (pico) has given them the name
"picudo” in Spanish.

Larvae get their food from within the fruit, causing damage to the seeds.
External symptoms are yellowing of the fruit, and premature ripening and
dropping of the fruit. When the adult exits the fruit, it leaves a blackish
hole, the color of which is caused by the action of secondary pathogens
that invade the skin.

1 Description taken from Scholaen, S. (1997). Manejo integrado de plagas en hortalizas.
(Integrated pest management in vegetables) A manual for extension workers.
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Photograph 2. Larvae of Anthomonomus eugenii in a hot pepper.

3.2. REDCAHOR's Contribution

The Ministry of Agriculture and Livestock, in coordination with the
University of Costa Rica, has promoted projects to improve various
agricultural products, including tomatoes and peppers. In the case of the
latter, different trials have been carried out in various sites throughout the
country including Grecia (Fabio Baudrit Experimental Station of the Faculty
of Agriculture, UCR), Alajuela and Portollano de Sabalito, in Coto Brus.

Trials at the Experimental Station concern sweet peppers and at Coto
Brus, hot peppers. The principal courses of action include:

¢ Adaptive research. Work to improve growing practices such as the
planting system, the management system, crop cleansing, application
of products, and varieties.

¢ Biological control research. Efforts have focused on incorporating and
developing techniques including the use of pepper weevil parasites,
especially Beauveria bassiana.
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Although efforts began in 1997, REDHACOR joined the endeavor in
1999 contributing information, training (demonstration trials, group train-
ing), varieties, and biological control management.

In 1999, the fungus was produced in the laboratory and different treat-
ments were tested. "These trials were conducted in order to develop new
strategies for integrated management of the pepper weevil pest. Treatments
involving alternating chemical and biological products were evaluated
together with the harvesting of all fallen fruit, as a practice that every pro-
ducer of this crop should incorporate."

The trials involved the following six treatments:

Fipronil2 - Fipronil — Fipronil - V.E3. - V.E. - V.E.
Fipronil — Beauveria - Fipronil — Beauveria — Beauveria
Fipronil - E.V. - Fipronil - V.E. - V.E.

Fipronil — Beauveria — E.V. — Beauveria - V.E.
Cyflutrin4- Cyflutrin — Baytrod - Cyflutrin

Cyflutrin — Beauveria — Cyflutrin - Beauveria

~epoooT

In these trials, the variables evaluated were:

Counting the adult weevils per trial plot

Counting fallen fruit damaged by the pepper weevil

c. Yield of healthy fruit by number of fruit of first, second and third
category.

ow

3.3. The Case of Coto Brus, Costa Rica

The trials carried out in Portollano, Sabalito, were particularly impor-
tant as this area is encompassed by the Costa Rica — Panama Bi-national
Agreement. "This agreement was initiated in 1979, when the Cooperation
Agreement for Border Development was signed, leading to the creation of
the La Amistad International Park. The agreement was ratified in 1992 with
the firm idea of protecting natural resources and developing the border

2 Fipronil (Regent), the most effective product against the pepper weevil in Costa Rica.
3 V.E. = Vegetable extract from the Neem tree.
4 Cyflutrin (Baytroid), chemical product.
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region in a sustainable way, in particular, protecting watersheds and, above
all, ensuring public participation in the planning process."

This project is located in the micro-watershed of the Quebrada Grande
River, which includes the communities of San Miguel, Portollano, Valle
Hermoso, San Ramon and Pueblo Nuevo, all in Sabalito, Coto Brus.

Some 60 hectares are under cultivation in this canton, although around
200 have production potential. This would be sufficient to satisfy the
capacity of the PEMACA plant belonging to the Gutierrez Brown Producers
Association.

Normally tabasco and cayenne (hot pepper) varieties are grown in the
area. Table 4 shows the yields per hectare and the normal sale prices for
each of the varieties.

Table 4. Yields (kg/hectare) and prices (¢/Kg. / $/Kg.)
for the tabasco and cayenne varieties of hot pepper,

in Coto Brus. 2000.
Variety Yield Price (¢/kg) Price ($/kg)
(kg/ha)
Tabasco 12000 200 0.66
Cayenne 10000 170 0.56

Source: Agricultural Sector Office, San Vito.

3.4. Results

a. Application of products. The use of the entomopathogen fungus,
when alternated with biological products and vegetable extracts,
makes it possible to reduce chemical applications without altering the
desired population levels of the insect. Fipronil is effective in control-
ling the pest, however, trials suggested that by alternating this product
with non-chemical alternatives, such as Beauveria Bassiana and veg-
etable extracts, similar and very satisfactory results are obtained. A
positive aspect to be considered is the elimination of chemical prod-
ucts from the normal technological package; this contributes to
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decreasing their harmful effects on both human beings and the envi-
ronment.

b. Costs and yields. The results for the different trials indicate that treat-
ments using Beauveria bassiana are lower than for those where chem-
ical products predominate. This is illustrated by the following figure.

Figure 5. Costa Rica. Cost ($/Ha.) of
tretments used in the control of weevils in
peppers. Grecia, 2000,
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uss
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Source: Fabio Baudrit Experimental Station, Faculty of Agriculture, UCR

The most expensive treatments are those using Neem extract, since it is
very expensive compared to the other products (US$108.00). When
Beauveria bassiana is used, the costs are similar to those of conventional
packages.

Although it is premature to speak of total yields, as the trials have not
been concluded (part of the crop still has to be harvested), projections
reveal very promising results. In the case of Coto Brus, where the Panama
variety has been used --the yield of which is comparable to that of Cayenne
(10,000 kg/hectare in this area)-- a yield of 13,000-14,000 kg/hectare is
expected. In addition, much lower levels of agro-chemicals have been
used, helping to make production more profitable. Moreover, biological
control has the known positive impact on the environment and human
health.

3.5. Conclusions
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Anthonomus eugenii is one of the most widespread pests affecting
pepper cultivation in the countries of the region.

The incorporation of IPM programs into projects to develop techniques
for controlling the insect have become an important option and, although
requiring greater analysis and validation, has already produced positive
results.

Given the trials conducted in Costa Rica (Grecia, Alajuela and
Portollano, Coto Brus), the use of Beauveria bassiana as an ento-
mopathogen of the weevil suggests that it is a new option for all producers.

The use of this fungus reduces the need to apply traditional chemical
products to combat the weevil pest.

Similarly, hot pepper yields are higher than usual, in particular, in Coto
Brus, increasing profitability for producers.

The technique could also be used by producers in the northern zone of
Panama, which is a pre-eminent producer of peppers, and the market of all
the countries of the region would benefit.

3.6. Regional Impact

The problem of the pepper weevil has regional significance. All RED-
CAHOR member countries have established programs to conduct further
research on the topic, looking for real, lasting solutions. In this respect, the
trials in Costa Rica are of vital importance, especially those conducted in
the border area with Panama. The areas of Chiriqui, Boqueta, Cerro Punta
(Panama) produce peppers mainly for industrial purposes, supplying the
demand of countries such as Nicaragua and Costa Rica. Thus, the progress
made to date indicates that the impact will transcend borders, starting with
the Panamanian production areas mentioned above. This will benefit the
entire industry that produces condiments based on hot peppers; these ben-
efits will not be limited to the producers, but will reach other members of
the regional vegetable chain. Similarly, natural weevil controls, such as
Beauveriana bassiana, can be used in the Network’s other member coun-
tries if trials and research continue.






TOPIC llI: THE ROLE OF THE UNIVERSITIES
IN THE NETWORK

1. Introduction

The region’s institutions of higher education have become increasingly
involved in initiatives related to vegetable production since REDCAHOR
appeared on the scene. In recent years, the universities have begun to play
a key role in developing technologies and expanded training and research
in different areas. This trend has allowed students to become more
involved in addressing the problems of their countries, through their par-
ticipation in workshops, seminars and the national committees.

There are many different examples of this, but one worthy of mention
is the National Agrarian University of Nicaragua, which has participated
actively in the discussion of and search for solutions to the country’s prob-
lems and carried out important work on the use of parasitoids to combat
crucifer pests. An alliance has also been established with the
Interinstitutional and Interdisciplinary Group on Vegetable Systems (GIISH),
which has been operating for several years and has been very closely
involved in the work of the Network and the University.

The University of Costa Rica (UCR) has also contributed enormously to
the Network’s activities by, among other things, establishing links with the
Post-harvest Laboratory. The Network and the laboratory organized a sem-
inar/workshop on post-harvest technology, with a view to improving com-
petitiveness in vegetable production. Similarly, joint actions are being
undertaken with the Fabio Baudrit Experimental Station, where several tri-
als are under way on integrated pest management in sweet peppers, the
selection and evaluation of cultivars, and research work on tomatoes in
lowland areas.

The University of Panama is working jointly with the Network on
aspects related to the use of parasitoids for integrated pest management.

These universities play an active role in the Network’s different activi-
ties. These activities have benefited from the incorporation of thesis work
by students on various aspects of vegetable production and priority lines of
action, and from the training of students and professors at different events
(for example, in a congress on organic products in which a large number of
students participated).
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Another benefit resulting from the participation of the universities is the
possibility of using their infrastructure for various events and activities relat-
ed to vegetable production that have been promoted by the Network. For
example, a training course on the use of molecular markers is currently
being programmed at the University of San Carlos, in Guatemala.

2. The Case of the University of San Carlos, Guatemala

Through closer links and a more integrated approach to work,
REDCAHOR has enabled the School of Agronomy of the University of San
Carlos (FAUSAC) to execute a number of activities to facilitate the devel-
opment of the curricula of its Agricultural Engineering degree program, and
the training of students in horticulture, vegetable production and research,
through practical work modules implemented by professors and students.

The School of Agronomy collaborates with REDCAHOR in three
different activities:

¢ Transfer of technology for integrated vegetable production
¢ Integrated training of professors and students
¢ Research projects in different aspects of vegetable production.

2.1. Activities of Fausac with REDCAHOR
2.1.1. Transfer of technology for integrated vegetable production
In this line, the following activities have been implemented:

a. Implementation of participatory work modules

b. Commercial demonstration plots with a focus on integrated pest
management

c. Commercial demonstration plots with a focus on organic farming.

FAUSAC implements participatory work modules to generate practical
knowledge in the field and develop students’ abilities and skills in areas
such as integrated pest management, biological control, harvesting and
marketing. Students and professors also implement modules on agricultur-
al techniques for vegetables and organic production of vegetables, among
other field activities.
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Various groups, including faculty and professionals from FAUSAC,
participate in these modules, planning production and the transfer of tech-
nology for vegetable production. They are working jointly with the
Network to achieve better results.

Some 150 students, 12 professors and 6 professionals from different
institutions are participating in the modules on vegetable production and
organic farming.

The work consists of planning the production and marketing of vegeta-
bles. For this purpose, vegetable plots measuring up to one "hectérea" are
established. Integrated pest management techniques are applied on some
plots, and organic agriculture techniques on others.

Groups of 25 to 30 students participate in the modular work during
each week that vegetable production in the field lasts.

During the implementation of the modules, the vegetable plots are
made available to professionals, technicians and producers in order to
transfer production, integrated pest management and organic agriculture
technologies.

As part of efforts to transfer knowledge of different approaches to vegetable
production, during the Congress on Organic Vegetable Production in the
Tropics, held in May 1999, some 120 national and international participants
were able to visit the plots prepared by the Faculty of Agronomy of the
University of San Carlos and learn about the technology applied on each.

This event also served as a showcase to demonstrate the technology
that the Network is now using for biological pest control in vegetables in
the region. This technology is being produced and marketed by the "El Sol"
Agricultural Company, in Guatemala.

2.1.2. integrated training of professors and students

The professors of the School of Agronomy who are assigned activities
in the field of commercial vegetable production and organic vegetable
farming, directly and indirectly participate in the planning of the Network’s
activities and in the refresher courses that are organized in Guatemala and
in other countries of the region. '
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Photograph 3. Training session on the field.

The courses, workshops, seminars and other training events pro-
grammed by the Network, and in which professors and students of the
Faculty of Agronomy have participated, are listed in Table 5

Table 5. Activities and participation of the REDCAHOR
group Guatemala, 1997-2000

ACTIVITY & COUNTRY THEMATIC AREAS

First workshop on regional Priority crops, national leaders in each crop sub-
trials. NICARAGUA. sector, definition of priorities, agreements estab-
lished for each crop

First Workshop on Integrated Definition of main problems by vegetable crops,
Pest Management. Emphasis on prioritization of actions by problem, training in
biological control of Plutella. breeding and production of parasitoids, availabil-
DOMINICAN REPUBLIC. ity of genetic resources in the countries.

First Regional Workshop on Evaluation of germ plasm resistant to whitefly,

Genetic Resources in gemini viruses, evaluation of Capsicum cultivars,

Vegetables. COSTA RICA. pepper weevil and gemini viruses, project profile
on genetic resources, collection, conservation and
evaluation of germ plasm.
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Table 5. Continuation.

ACTIVITY & COUNTRY

THEMATIC AREAS

Second Workshop on Regional
Trials PANAMA.

Course on Integrated Protection
of Vegetables GUATEMALA.

Seventh International Congress
on IPM, Seventh Latin
American and Caribbean
Workshop on White Fly-
Gemini viruses. XXXVII Annual
Meeting of the American Plant
Pathology Society — Caribbean
Division (APS-CD). HONDURAS.

Workshop - Intensive Vegetable
Production Systems: A nutrition
alternative for urban areas
GUATEMALA.

Annual Meeting of the PCCMCA
1999, No. XLV. GUATEMALA.

International Congress on
Organic Vegetable Production.
GUATEMALA.

Second Regional Workshop on
Genetic Resources of
Vegetables. EL SALVADOR.

Seminar. Evaluation of

Presentation and review of national projects
and/or protocols, national leaders in each crop
subsector, improved protocols, programming of
research activities and future events

Update on integrated vegetable production,
update on IPM, update on genetic resources, fer-
tilization of vegetables, physiology of vegetables.

Presentation of REDCAHOR. Review of protocols
on pepper weevil and tomato larvae. Update on
IPM. Update on whitefly — gemini viruses.

Vegetable production: focus on health, education,
consumption and gender, general proposal for
action

Publicity on REDCAHOR. Presentation of
research results of the Guatemala Network.
Presentation of research results in other countries.

REDCAHOR's successful participation in interna-
tional events. Proceedings, summaries published.
Results of completed research. Program compli-
ance 98%.

Preparation of research profiles. Reorientation of
genetic resources. Consolidation of the group.
Presentation of research results.

Presentations on the situation in and outlook for

Production, Consumption and vegetable production in Central America.
Marketing of Vegetables in Suggestions to improve the assessment. Written
Guatemala. GUATEMALA, contributions to complement the assessment.
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Table 5. Continuation.

ACTIVITY & COUNTRY THEMATIC AREAS

VHI Latin American and Presentation of the Network. Formation of the
Caribbean Workshop on White Ibero-American Discussion Group on White Fly.
Fly and Gemini viruses. Establishment of strategic alliances. South
BRAZIL. America wishes to be taken into account by the
Network for exchange of information, training and
germ plasm. Training technicians on whitefly.

Postgraduate course in genetic Preparation of project profiles. Reorientation of
improvement of vegetables and genetic resources. Further consolidation of the
molecular assessment. group. Presentation of research results.
GUATEMALA.

Competitiveness of vegetables Discussion on opening up of international trade.

in the context of trade opening. Regional analysis of the transformation of Central

EL SALVADOR. American agriculture. Updating the agenda on
competitiveness and sustainable development.
Update on sanitary and phytosanitary measures,
vis-a-vis international agreements on food trade.

First Workshop on Integrated Training of technicians in the integrated manage-

Management of Pepper Weevil. ment of the pepper weevil. Training farmers in the

PANAMA. Chiriqui border area of Panama on integrated
management of the pepper weevil. Delivery of
biological products for pest control in sustainable
agro-ecosystems.

Seminar  Workshop  on Prioritization of regional actions. Definition of
Marketing and Commerciali- project profiles and priority actions in marketing
zation of Vegetables. and commercialization.

GUATEMALA.

Source: FAUSAC, University of San Carlos, Guatemala.
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2.1.3. Research projects on different aspects
of vegetable production

With technical and financial support from REDCAHOR, FAUSAC has
participated in setting up trials on integrated pest management, on Heliothis
sp. (tomato larvae) and Anthonomus eugenii. Professors and students have
been involved in the entire production cycle, monitoring the behavior of
pests and assessing the effects of the different pest control treatments that
have been applied, with the aim of increasing knowledge of the best ways
to reduce the losses caused by the attacks of these insects on vegetable cul-
tivars. The objective is also to transfer this knowledge to other people
involved in the production of tomato and sweet pepper.

With respect to plant genetic resources, the Network has make avail-
able to the national committees a number of accessions from collections of
sweet pepper and tomato, in order to evaluate their potential resistance or
tolerance to the different pests and diseases that affect these crops, both in
their vegetative and their productive phases. The objective is to determine
whether some of the materials contain genes that may subsequently be
used by plant breeders to obtain cultivars that contain same in their genet-
ic makeup, as a means of improving the control of pests that attack these
crops.

FAUSAC conducted a study on accessions of sweet pepper and is in the
second phase of a study to determine which are the best, so that in the near
future, the genes contained in these accessions may be incorporated into
other cultivars with characteristics that are desirable to both producers and
consumers.

With regard to vegetable-production technologies, the training
received by the FAUSAC faculty through the different courses, seminars,
workshops and other activities sponsored by REDCAHOR has expanded
their knowledge of vegetable production. This knowledge, in turn, has
been transferred to the students through various training activities and to
the farmers who have participated in the field days held at FAUSAC and on
the farmers’ plots.
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2.2. Conclusions

SMore than 20 professors and 250 students of the School of Agronomy
have received training and refresher courses in different aspects of veg-
etable production, mainly using a "learning by doing" and “learning through
research* approach.

Vegetable-production technology is being transferred through the uni-
versities and schools of agronomy in the region.

Six agricultural engineers have been educated, and graduated, thanks
to the technical and financial support of REDCAHOR.

The universities of the region have forged closer links through the joint
activities undertaken by the network.

Closer links have also been established between institutions engaged in
agricultural research, both in the public and the private sectors.

With support from REDCAHOR, approximately 120 people - interna-
tional experts and producers - have visited FAUSAC and its field facilities.

The Network and FAUSAC have organized joint courses taught by spe-
cialists and experts, in an effort to update skills and capabilities in the
region.

2.3. Regional Impact

The Network has facilitated the integration of institutions of higher edu-
cation into work aimed at improving vegetable production in the region.

The incorporation of the universities has brought mutual benefits to the
Network and to the universities themselves, enhancing the capabilities of
technicians and professors in various aspects of vegetable production; the
quality of the students’ education has been improved because their profes-
sors are better trained; the use of the university premises facilitates the
organization of events promoted by the Network and enables larger num-
bers of students to participate.
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Research projects have also benefited from this initiative, since differ-
ent university laboratories are now conducting studies on integrated pest
management, the improvement of varieties, etc.

Universities have also contributed to the development of more efficient
and less costly new technologies for the production and processing of veg-
etables.

Many additional elements have been incorporated into the analysis of
and search for solutions to the problems of the region’s vegetable sector.






TOPIC IV: NEW TECHNOLOGIES FOR
THE PRODUCTION OF TOMATO
(Lycopersicon esculentum)

1. Introduction

Throughout the world the tomato is classified as the second most
important vegetable, only surpassed by the potato. It is listed as an excel-
lent source of vitamins A and C and can help correct deficiencies of these
vitamins. In Central America the surface harvested is between 21,000 and
25,000 hectares every year (Ministry of Agriculture, El Salvador, 1999), and
production is valued at more than US$50 million. In the tropics, the toma-
to has a very important potential since its high economic value is very
attractive to small farmers, and it requires intensive labor, which creates
employment in rural areas.

Tomato growers in the region have traditionally had to fight problems
related to diseases and pests, which are abundant. The problem is magni-
fied because the varieties that are generally grown are highly susceptible to
pathogens.

Consequently, the tomato is one of the crops whose production should
be researched and enhanced urgently. REDCAHOR, together with various
public and private institutions, is carrying out research on different aspects
of the cultivation of the tomato. The progress achieved implies changes in
technology such as the use of new seeds, protected structures, and man-
agement that results in better harvests and greater profitability.

2. The Case of El Salvador: Commercial Tomato
Growing Using Seed Trays and Hybrid Seed

Tomatoes are one of the most popular vegetables in El Salvador. In
1998, a total of 22,901.2 MT were imported, at a cost of US$5,847,247.
Most of the tomatoes consumed are cultivars of industrial tomatoes, also
known as tomato-paste or dual-purpose tomatoes, which consumers prefer
because the skin is tougher and pulp harder. This means that they have a
longer shelf life and can withstand handling and transportation over long
distances to markets and distribution centers. (Perez, J. 2000).

The main regions of the country where tomatoes are produced are:
Chalchuapa, department of Santa Ana; Atiquizaya and Tacuba, department
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of Ahuachapan; 1zalco, San Julian and Armenia, department of Sonsonate;
Las Pilas and San Jose Sacare, department of Chalatenango; Zapotitan,
department of La Libertad; Alta Verapaz, Guadalupe and San Emigdio,
department of San Vicente; Cojutepeque and San Rafael Cedros, depart-
ment of Cuscatlan; Nueva Guadalupe, department of San Miguel. The
acreage planted in tomatoes totals 2250 manzanas (1575 ha), distributed
among 3,600 producers. Plots are generally small, ranging from 800m?
(one tarea) to 2.1 hectares. The most common varieties are Santa Cruz
Kada, Santa Clara, Butte, Peto Rey, Peto 98 and Spectrum 579. Areas
where tomatoes could be grown in the future are Zenito - Usulutan, Ciudad
Barrios - San Miguel, Perquin - Morazan and El Tigre - Ahuachapan.
(Mendoza, 1994)

In the following table and figures there are some statistical and eco-
nomic data on tomato growing in El Salvador.

Table 6. Domestic consumption and potential production
and exports of tomatoes in US dollars.

COMMODITY Domestic Potential Potential
Output Output Exports
TOMATOES 10 441 450 32 085 000 21 643 550

Source: National Center for Agricultural Technology, Ministry of Agriculture and
Livestock, El Salvador, 1999.

Figure 6. El Sailvador. Trend in tomato imports,
1994 - 1998, In US dollars.

1994 1995 1096 1997 1998

Yeoars

Source: National Center for Agricultural Technology, Ministry of
Agriculture, Livestock and Forestry, El Salvador.1999.
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Figure 7: El Salvador. Trend In tomato lmpofti in
Kg.,

28000000
20000000

gf 15000000
10000000
5000000

1994-1998.

1994

1996

1986 1997

Years

1998
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Livestock and Forestry, El Salvador. 1999.
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2.1. REDCAHOR's Contribution

The limited tomato production in El Salvador is due mainly to biotic
factors (pests that attack the crop). This situation has resulted in many toma-
to growers opting to plant another crop.

In 1996 and 1997, the National Agricultural and Forestry Technology
Center (CENTA) conducted diagnostic studies among tomato growers and
found that one of the main reasons for the low levels of production were
viral diseases.

In 1998, REDCAHOR and the CENTA began joint research efforts in El
Salvador aimed at obtaining better tomato germ plasm, which would raise
productivity. This joint work revealed that the productivity of new material
was higher than that of traditional varieties. The Network has supplied
tomato seed from other sources in order to test its adaptability and toler-
ance to disease in the specific conditions of El Salvador.

On the plot of tomato cultivars established in the Valle de Zapotitan
(producer: Romeo Sagastume), the results obtained using crop management
technology were so good that the farmer decided to grow tomatoes on an
area of 1750 m2. It is worth noting that in the 1970s tomatoes were grown
on around 280 hectares in the Valle de Zapotitan. However, by 1998 the
acreage planted had fallen to 12 hectares, due to diseases. Butin 1999 the
acreage doubled.

Five field trips were organized to enable 343 producers to observe the
experimental plot.

The following is a description of the case study on tomato production
in the Valle de Zapotitan, which shows clearly the differences in the results
obtained using the conventional production system and the innovative sys-
tem, which included two variables that were used to improve productivity:
the promising HeatMaster and Gempride germ plasm, and covered trays for
growing healthy seedlings.

2.2. Description of the Traditional Technology

a) Seedbed: To plant one hectare of tomatoes, 3 seedbeds are prepared,
20 m long by 1.20 m wide and 20 cm high (total area: 72m2). Before
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b)

planting the seed, the seedbeds are disinfected using Basamid. The
seeds are planted at a depth of 1 cm, in rows 10 cm apart; the seed is
sown in a continuous stream. The seedbeds are sprayed with fungi-
cides and insecticides every 6 days and the seedlings are transplanted
after four weeks.

Transplanting: this is done very early in the morning (5.30 a.m.) or late
in the afternoon (after 4 p.m.), so as to avoid transplanting the seedlings
when it is very hot, since they lose many of their small roots and
become dehydrated very easily, and many of them will die.

2.3. Description of the Innovative Technology

a)

b)

c)
d)

e)

Seedbed: the most promising cultivars obtained in the research trials
are used. In the trials carried out by the CENTA, the productivity of the
cultivars HeatMaster, Yaquie and Gempride proved to be very high.

Use of plastic trays and Mix Growing substrate (160 trays with 200 ori-
fices and 160 pounds of substrate).

Application of plant extract!
Insect netting (100 m of Agribon).

Preparation of the land: the land is plowed once and harrowed twice.
The soil is disinfected with Counter 5%, 15 kg/ha. Furrows are made
0.9 m apart and the plants set 0.25 m apart.

Application of agrochemicals: 130kg/ha of fertilizer at planting and 21
days after transplanting. Urea, 130kg/ha at 30 days and at 45 days after
transplanting. A foliar nutrient is applied 3 times (20cc/gallon of
water), at 10-day intervals, starting 50 days after transplanting. A sam-
pling should be made to detect whitefly; if it is present, Cyflutrim is
applied. If diseases are detected, they are combated with fungicides
(Metalaxil, Benomil, Antracol).

g) The crop was trained with bamboo sticks 1.80 m tall, at 4 m intervals,

using three-strand nylon string.

1

Neem is used.
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2.4. Yields and Profitability

ITEM CONVENTIONAL INNOVATIVE
TECHOLOGY TECHNOLOGY
Yield 19.7 MTha 39 MTha
Price $311/MT $31I/MT
Gross income $ 6126/ha $12129/ha
Total cost $ 4915/ha $ 5734/ha
Net profit $ 1211/ha $ 6395/ha

Source: Prepared by the author with CENTA - REDCAHOR data.
Note:  The crop was planted so that it would be harvested throughout December,
when tomatoes obtain the best prices on local markets.

Figure 8. B Selvador. Net profitabiiity for conventional
and innovative technologies ls US doliars

Conventionsl Technology innovelive Technalogy

Source: Prepared by the author with data obtained from REDCAHOR trials,
2000.
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2.5. Important Comparisons Between Production Systems

TECNOLOGIA CONVENCIONAL INNOVATIVE TECHNOLOGY

More seed used Less seed used
10% or more of seedlings lost No seed lost

Hours during which they can be Can be transplanted at any time of
translated are limited

the day
Seedlings difficult to transport lin

Seedlings easy to transport
Larger area n for bed Smaller area needed for seedbed
Lower yields

Higher yields

Source: National Center for Agricultural and Forest Technology, El Salvador.
REDCAHOR, 2000.

2.6. Conclusions

Through the cooperation between REDCAHOR and CENTA and pro-
ducers, tomato cultivars have been found that provide better yields and
higher quality than traditional cultivars.

The use of trays to produce seedlings has resulted in healthier crops.

The higher yields of the new tomato cultivars has resulted in profits of
over 500% over profits achieved with conventional technology.

Environmental pollution is reduced by conducting diagnostic studies
before pesticides are applied.
2.7. Regional Impact

The use of the innovative technology would allow the country to
reduce imports of tomatoes by as much as 50% over the medium term (rep-

resenting a saving of over US$2,850,000).

More jobs would be created in the countryside. It is calculated that 282
more hectares would be cultivated, which would require 83000 work days2.

2 One working day = 6 hours of work.
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There would be an improvement in the trade balance through greater
exports.

Rural families would have more income, and their socioeconomic
situation would thus be improved.

The new cultivars can be used for new experiments and trials in other
countries, and could be used in the future for a larger number of producers.

3. The Case of Nicaragua. Use of Improved Varieties
for the Commercial Production of Tomato

In terms of production, the Departments of Matagalpa and Jinotega are
Nicaragua's principal vegetable-producing areas, planting an estimated
4,766 hectares to vegetables every year, as shows next table.

At present, vegetable output in Nicaragua is not sufficient to meet the
growing demand of Nicaraguan consumers. In the balance between
imports and exports, imports are the stronger, resulting in a drain of foreign
exchange event though Nicaragua's agro-climatic conditions are suitable
for producing enough to meet national demand and to be able to export a
wide variety of products required in other consuming countries.

In general, an agricultural policy must be implemented to foster veg-
etable development among small farmers, with a view to supplying nation-
al demand for a great variety of vegetables and incorporating vegetables
into non-traditional exports.

3.1. REDCAHOR's Contribution

In order to find solutions to the problems of low yields and tomato sus-
ceptibility to virosis, joint efforts were undertaken with institutions includ-
ing the Nicaraguan Institute of Agricultural Technology (INTA) and field tri-
als were established with new materials. These trials analyzed variables
such as yield and resistance or tolerance to pathogens.
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Table 8. Nicaragua. Tomato exports and imports, 1994-1997

Year Imports Exports
Amount t Value (US$) Amount t Value (US$)

1994 728 166067 123 51,608
1995 435 99288 110 46,069
1996 333 75,968 509 219,711
1997 2341 533,743 634 266,334
Total 3837 875,066 1376 583,722

3.2. Description of the Traditional Technological Package

* Traditional Variety (UC 82)

This is presently the most widely cultivated variety in Nicaragua. Itis
an industrial tomato, although it is used primarily for fresh consumption. It
has determined habits, dense foliage, produces round-oval fruits, the aver-
age weight of which is 80 to 90 grams. The fruit is firm, it tolerates trans-
portation, and tolerates Fusarium and Verticilium very well. it is freely pol-
linated, very susceptible to virosis, and a high population of whitefly will
cause a loss due to virosis ranging between 50% and 70%. This variety
produces average yields of 12 to 15 tha..

3.3. Description of the Innovate Technological Package

* Variety to be Validated (Tolstoy Hybrid)

This is a very productive hybrid; its growth is semi-indeterminate, it
produces very firm, medium-sized fruits averaging 90 grams in weight.
Harvest begins 75 days after transplanting and it remains in production for
2 months.
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3.4. Yields and Profitability

ITEM CONVENTIONAL INNOVATIVE
TECHNOLOGY TECHNOLOGY
Yield ' 15t 304
Price US$200 US $200
Gross income $3000 $6000
Total cost $2136 $2411
Net profitability $864 $3589

Source: INTA (2000).

Figure 9. Nicaragua. Net profitability (in US §) for
the conventional and innovative technology for
tomato. 2000.

uss

" Conventional Technology  Innowative Technology

Source: Prepared by the author with INTA information.

3 Calculations were made with a 30 MT/ha yield. Nonetheless, in evaluation trials con-
ducted by INTA-REDCAHOR, the Tolstoy hybrid produced average yields greater than 65 t.
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When using the Tolstoy cultivar, production costs rose by US$275 due
to the higher cost of the hybrid seed and higher harvesting costs. Average
national yield for the UC 82 variety is 15 t/ha, while that for the Tolstoy
hybrid is 65 t/ha. It is estimated that average 30 t/ha yields can be obtained
on producers' farms. The above table shows that the difference in income
with the use of the Tolstoy hybrid would be US$2,725 greater than with the
UC 82 variety. For each additional dollar invested in purchasing the hybrid
seed, there would be a US$10 gain.

3.5. Conclusions

The Nicaraguan Institute of Agricultural Technology, in coordination
with REDCAHOR, has identified promising tomato cultivars that should
now be validated in producers' fields to determine their adaptability in dif-
ferent environments.

The Tolstoy variety needs to be validated for use by the producers, in
order to be able to compare its yield potential with control varieties used
by each of the producers.

Yields obtained with this variety are 300% higher than those normally
obtained in Nicaragua.

This increase in yields could improve producers' net profitability and
would therefore have a postive impact on a large number of tomato-grow-
ing families.

3.6. Regional Impact

The new variety has been widely accepted by farmers. If we are able
to validate the variety and demonstrate to tomato growers of the regions of
Matagalpa and Jinotega that the Tolstoy variety has high yield potential, the
impact achieved could be very high.

If validation efforts continue, it is expected that by the year 2001, 50%
of tomato growers in the departments of Matagalpa and Jinotega could be
using tomato hybrids with high yield potential that would enable them to
increase their yields from 15 to 30 tons per hectare. The country could
become self sufficient in tomatoes, reducing the drain of foreign exchange.
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4. The Case of Panama. Technological Options for Growing
Tomatoes in a Controlled Enviroment

In most REDCAHOR member countries, the tomato (Lycopersicon spp)
is grown year-round, although the highest yields are obtained during the
dry season. lts cultivation is adapted to different uses due to its versatility
of form, color and taste and it adapts to different climates (hot, temperate,
etc.).

In Panama, this product is consumed both fresh (for domestic use) and
by industry. In 1999, the area planted with industrial tomatoes covered
between 800 and 900 hectares (REDCAHOR 1999).

However, various pests that attack the crop limit the growth of this
activity. Losses in the pre- and post-harvest stages are often so great as to
cause producers to stop growing this crop.

The problem of the high density of bacteria in the soil is of particular
importance in Panama; most losses are attributed to such pathogens.

Interestingly, since tomato producers needed a way that would allow
then to produce year-round in order to supply purchasers, they developed
a method to grow tomatoes under plastic.

However, when this technology was used with common varieties, the
bacterial problem persisted. As a result, a considerable investment did not
decrease losses or improve yields significantly.

As of 1998 various actors (the private sector, the producers and
REDCAHOR) have worked together to seek solutions to this problem. The
principal aim of this cooperation has been to define technological options
for growing tomatoes in a controlled environment.

Under this system of cooperation, participation is as follows:

¢ The Private Sector. Contributes inputs, advice on the use of fertilizers,
seeds of improved varieties. The participating companies have been
AGRO FERTIL PANAMA S.A., which provides fertilizers, and RIEGOS
MODERNOS, for the drip irrigation.
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¢ The Producer. Contributes protected infrastructure (the plastic cover)
and labor.

¢ The IDIAP, with the participation of REDCAHOR, contributes techni-
cal assistance and inputs, and monitors and evaluates the technology
throughout the crop cycle.

The principal elements and results of this joint participation to date are
described below.

4.1. The New Technological Options

In general, seed varieties with specific characteristics are used in
Panama. These normally produce one crop, following which a new crop
cycle must be started.

This is the context in which IDIAP, together with REDCAHOR and the
private sector, began to introduce the so-called non-specific varieties. The
principal characteristic of such seeds is that they can produce continuous-
ly for several cycles, and they had enhanced resistance to pathogens.

Photograph 4. Tomato plantation (Lycopersicom esculentum) with
non-specific varieties in a controlled environment.
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Another innovative element was the use of drip irrigation incorporat-
ing fertilizers, meaning that the system uses water and fertilizers more effi-
ciently. The initial results of these techniques in controlled environments

have been very encouraging.

4.2. Important Comparisons Between Systems

Conventional system

Innovative system

Irrigation. The aspersion system
is used, which encourages the
development of diseases

Use of specific varieties with

limited production (1 crop)

Use of granular chemical fertiliz-
ers

No preparation of the sowing
area substratum

Drip irrigation, which decreases the
development of diseases and
improves water-use efficiency

Use of non-specific varieties with
extended production periods (sever-
al successive crops)

Liquid fertilizers included in the drip
irrigation, which contributes to effi-
ciency and reduces the amount used

The sowing area substratum is pre-
pared, with products such as organic
fertilizers and grit. This reduces the
need for synthetic fertilizers.

Source: IDIAP-REDCAHOR 2000.

4.3. Conclusions

High concentrations of bacteria in the Boquete area is a serious prob-
lem faced by tomato producers in this region.
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Growing tomatoes in protected environments in Panama did not pro-
duce the expected results at the start. To the contrary, production costs rose
due to the installation of protective structures.

The introduction of the so-called non-specific varieties, with greater
resistance to bacteria, became a new option for solving, in part, the princi-
pal problem of Boquete tomato-growers.

This new technology was introduced through cooperation between
IDIAP, producers, the private sector and REDCAHOR.

4.4. Regional Impact

The Boquete-Chiriqui (Panama) production zone is a region that has
had to address major problems for providing a steady supply to consumer
centers, due principally to a lack of wet-season planting technology and its
distance from the markets.

Producers have undertaken actions on their own to develop a covered
production technology that helps them solve these problems and deliver a
product that is better in quality and in appearance.

The investments made to date are threatened by a lack of appropriate
technology that would make it possible to produce economically the high-
quality and safe products required by the market.

The State has developed an irrigation project for 600 hectares in the
Boquete area, where vegetable-growing possibilities are excellent. The
option of protected cultivation would have considerable impact there.

The Cooperativa Horticola de Mercadeo (vegetable marketing cooper-
ative) for the Boquete area has expressed considerable interest in this tech-
nology, which it would like to pass on to its members in order to improve
the region’s competitiveness.

The application of protective structure technologies for production,
such as the one described above, can enhance the region’s production sys-
tems, especially because it can be used with other crops. Naturally, further
research would be needed, to the benefit of a much larger portion of the
region’s vegetable-producing sector.




TOPIC V: NEW TECHNIQUES IN THE PRODUCTION
OF ONION (Allium cepa)

1. Introduction

The incorporation of new and better varieties of seeds in the produc-
tion of vegetables is an important part of the commitment of REDCAHOR,
together with other institutions. A case in point is the work being carried
out in connection with onion production, which, historically, has been
plagued by losses due to factors such as climatic variability and the crop’s
lack of resistance to humidity during the post-harvest period. Another fac-
tor that has been considered is the incorporation of technological improve-
ments such as trickle irrigation, which makes it easier to control humidity
on cultivated land, thus reducing the incidence of diseases that thrive in
excessive humidity. This, in turn, contributes to the quality of the product
by yielding bulbs that have better color and are drier.

There are several initiatives and trials under way that are aimed at mak-
ing the cultivation of onions more profitable by reducing losses, increasing
yields and lowering costs.

In Costa Rica, the trials carried out in the community of Santa Ana have
produced very encouraging results. This case is presented below.

In Panama, a validation plot has been established to evaluate the inte-
grated management of the cultivation of onion; to date, the work of the
Network, in coordination with the grower and the distributor of inputs, has
yielded promising results. In this case, the grower provides the labor, a pri-
vate company the seed and the Network technical guidance. The technol-
ogy implemented has made it possible to increase production of export-
quality onions, use agricultural chemicals and fertilizers more judiciously,
and reduce the number of workers required, all of which is reflected in
lower production costs, as compared to the practices traditionally used by
onion producers.

In conclusion, the combination of new technologies in the production
of onions is beginning to generate positive results in several parts of the
region.
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2, Costa Rica. Commercial Onion Growing,
Using Trickle Irrigation and New Varieties

Onions are one of the most important vegetables in Costa Rica. The
area planted in onion doubled over the last 15 years, and totalled 732
hectares in 1995. (Bolafios, 1998)

The principal production areas in Costa Rica are Cartago, Santa Ana, Belen
and Bagaces, with 839 Has. under cultivation (1999) and 1300 producers.

Onion imports come mostly from the United States (44%) and Canada
(22%), with the rest coming from Nicaragua, Guatemala, Argentina and
Chile. Most onion exports are destined for Nicaragua, Colombia, the
United Kingdom, other countries of Central America, and the Caribbean.
(SEPSA, 1999)

Table 9. Costa Rica. Onion production, imports and exports
in Metric Tons (MT) from 1998 - 2000.

YEAR Production () imports (t) Exports (t)
1998 14157.5 6595.5 257
1999 18705.9 8120.3 1189.6
2000 1836.4* 2797* 4.5

* through February.

Source: CNP. Market Information Service.2000.

The following figure shows the agents who participate in the marketing
of onion' :

Producer
marketer National market
Producer gaurrizrr
Export
Collection market
centers

Diagram 3. Marketing channels for onion

Source. Modified from the original. Executive Secretariat for Agricultural Planning
(SEPSA), MAG. 1999.

1 Simplified diagram of the established marketing channels for onion.




topic V: new techniques in the production of onion 75

2.1. REDCAHOR’s Contribution

The problems faced by producers, such as environmental factors and
crop pests, are a cause of concern for people who depend directly on this
activity and for technicians, extension agents and organizations associated
with vegetable production.

In 1995, the Ministry of Agriculture and Livestock (MAG) conducted a
diagnostic study of onion growing which pointed up the need to improve
the varieties used in production.

To this end, REDCAHOR joined forces with the MAG in 1998 in an
effort to find ways to improve onion growing. Trials were carried out, fund-
ing was provided to purchase seed, several producers’ organizations
received training, courses were offered for onion growers, etc.

Also, a number of events have been held involving different sectors.
One example is the field day held on March 22 in Santa Ana, which was
attended by some 130 people.

Photograph 5. Trial with different varieties of onion (Allium cepa),
Santa Ana, Costa Rica.
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The following case study on onion production analyzes the principal
differences between the results obtained when using a conventional pro-
duction system and those obtained when using an innovative system in
which two variables intended to improve production were introduced:
trickle irrigation and the use of improved varieties. The plantation is locat-
ed in Pozos de Santa Ana, and the total area under cultivation is two man-
zanas. (1.5 Ha.).

Below is a description of the principal differences between the con-
ventional and the innovative technological packages; the Network played
an active role in the development of the latter.

2.2. Description of the Conventional Package

a. Seedbed. The area to be used as a seedbed is prepared by turning the soil
over with a shovel. According to the literature, seeds are sown in furrows
that are from 1 to 1.5 cm deep and 20 to 25 cm. apart. The seed is sown
at a density of between 7.5 and 9 g/m2-

b. Soil preparation. Two systems can be used:

b.1 Paddies. They measure 2 m long X 1 m wide. Planting distances
are 10 cm between plants and 25 cm between rows.

b.2 Trough. Itis 1 m wide and as long as the terrain will permit. The
planting distances are similar to those of the paddy system.
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Figure 10. Planting of onion using the conventional package.
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Irrigation. Plants are to be irrigated two or three times per week, using
canals running alongside the paddies or troughs. The drawback is that
someone must be present to monitor the irrigation process.

Transplanting. Fertilizer is spread on the ground, small grooves are
made in the soil, and the seed is sown in the grooves. The process is
slow because each compartment is square. This makes it necessary to
finish one, pick up everything (equipment, seeds) and then move on to
the next one.

2.3. Description of the Innovative System?

a.

Seedbed. The most promising varieties obtained in the research trials
are used for the seedbed. The amount of seed required for one man-
zana is from 11-12 pounds. The soil is prepared by turning it over it
with a shovel, and is disinfected with the thermal disinfection system,
using black plastic.

Soil preparation. The area to be planted is prepared using a subsoil
plow to break up the soil and improve aeration, water filtration and the
incorporation of inorganic matter. Then it is further pulverized with a
breaker plow. Next, seedbeds measuring one meter in width are cut
with a marker or level. The advantage offered by seedbeds is that they
can be made using mechanical means, which reduces time and costs.

Transplanting. Prior to transplanting seedlings, the land must be prop-
erly fertilized and plowed. The use of seedbeds reduces considerably
the time required for this work. .

Planting. Seedbeds that are 1 m wide by as long as the terrain will
permit are used. The planting distances are similar to those of the con-
ventional system (10 cm between plants, 25 cm between rows).

Irrigation. The innovative system (micro irrigation or trickle irrigation)
is used. Irrigation hoses are placed on the ground and connected to the

main pipe.

Description based on report detailing field day activities, and on conversations with agri-
cultural sector officials and producers. Santa Ana, Costa Rica. April, 2000.
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Figure 11. Planting of onion using the innovative system.
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Figure 12. Trickle irrigation system for onion.

In this case study, the combination of micro irrigation and the use of a
new improved variety led to a nearly 200% increase in production, from 39
MT/ ha to 78 MT/ha.
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2.4. Yields and Profits

Costa Rica. Production costs ($/Ha) of onion, using the innovative
production system. Santa Ana, 2000.

CONVENTIONAL PACKAGE INNOVATIVE PACKAGE
Item Total cost 3 Total Cost $
Cultivation 3150 2299
Materials 2050 1834
Transportation 94 94
Equipment 552
TOTAL 5294 4779

Source: Prepared by author (2000), with information supplied by the producer and
agricultural sector officials. Santa Ana.

Figure 13: Costa Rica. Total production coets ($/Ha.)
for the conventional and innovative systems. Yeer
2000.

Cost ($)

1L

-
-888

Total cost, conventional Total cost, Innovelive

Source: Prepared by author (2000).

3 Exchange rate as of May 10, 2000. 1 US$ =/ 305 colones.
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ITEM CONVENTIONAL INNOVATIVE
Yield (kg /ha) 39400 78800
Price (colones) 80 80
Gross incomes (colones/ha) 3152000 6304000
(US$ /ha) 10334 20668
Total costs (US$/ha) 5040 4779
Net profit (US$/ha) 6332 15889

Source: Prepared by author (2000), with information supplied by the producer and
agricultural sector officials. Santa Ana.

The implementation of the drip irrigation system, together with the
use of the improved variety, leads to a 190% increase in profits. The fol-
lowing graph illustrates this.

Figure 14: Costa Rica. Net profits ($/Ha.) for the
conventional and innovative systems. Santa Ane, 2000,

USS / Ha.

Conventional package  Innowative package

Source: Prepared by author (2000).
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2.5. Important Comparisons Between

Production Systems

CONVENTIONAL SYSTEM INNOVATED SYSTEM
Very labor intensive Less labor intensive
Use of large volumes of water More time for other work
Inefficient use of water Use of smaller volumes of water
Considerable loss of soil Less erosion
Washing away of nutrients Less incidence of disease
Promotes the spread of disease Less use of agrochemicals

Healthier crops

Source: : Report on REDCAHOR field day (Juan Carlos Valverde), 2000.

2.6. Conclusions

The efforts supported by REDCAHOR to improve the varieties and
technology used in the production of onion have produced highly promis-
ing results for the region.

One of the most important impacts is an increase in profits, thanks to
lower production costs and higher yields. These results have been obtained
Panama and Costa Rica.

The participation of REDCAHOR and other entities and persons (MAG,
producers) in the process of improving onion varieties has permitted the
introduction and use of new varieties which have proven to be better in
terms of quality and yield.

Thanks to the incorporation of trickle irrigation and the use of new vari-
eties of onion, the yields on commercial plantations in Santa Ana, Costa
Rica, have increased by more than 100%, from 39 to 78 MT per Ha.

Higher yields and lower costs per hectare translate into more than a
150% increase in profits for producers.
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The environmental benefits derived from reducing the use of agro-
chemicals for production are considerable. In the specific case of Santa
Ana, with the conventional package US$1522 in agrochemicals were need-
ed, while the innovative package required US$623, which is equivalent to
a 60% decrease in the cost of agrochemicals.

The new technology produces not only tangible economic benefits,
but also others that, while more difficult to quantify, are no less impor-
tant, to wit:

¢ Soil erosion, a serious problem in many production zones, is reduced
considerably.

¢ Since less water is used, more is available for other work or even for
other areas.

The onions produced using trickle irrigation and the new varieties are
superior in terms of perishability during the post-harvest period. Their
acceptance on the market, therefore, is greater.

2.7. Regional Impacts

At the present time, onion imports exceed exports by 50%. With the
introduction of trickle irrigation on as much as 160 Ha., and the use of new
varieties of onion, production could be increased by some 5200 MT, mean-
ing that this imbalance could be reduced, and even reversed. This, in turn,
would improve Costa Rica’s trade balance.

The socioeconomic conditions of some 300 producers and their
families would improve considerably.

The use of agrochemicals could be reduced considerably at the national
level, depending on the level of implementation of the new system by pro-
ducers.

As the use of agrochemicals is reduced, Costa Rica’s dependence on
foreign markets to obtain these products will also be reduced.
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The results achieved to date may be applicable throughout the region
if research and the validation of the new technology continue. This would
benefit onion producers, their families and others who participate in the
onion marketing chain.

These results are not exclusive to Costa Rica; similar results have been
achieved in all the countries of the Network, in which improvements in the
varieties used have made it possible to increase production from 200% to
300%. Also, Nicaragua, Honduras, El Salvador, Panama and Guatemala
continue to import onions despite having land suitable for planting. If the
varieties can be validated and the area planted increased, there will cer-
tainly be a great impact at the regional level, improving living conditions of
all those engaged in the production and marketing of onion.






TOPIC VI: REGIONAL INFORMATION

1. Introduction

Today, information is considered one of the principal elements that
make it possible to transform and modernize the structures of production
and services in order to increase productivity and resource-use efficiency,
and consequently, to boost competitiveness (Export quality, 2000).

For the agricultural sector, and particularly the vegetable producing
subsector in the Central American region, access to information determines
the success of many production, transformation and marketing initiatives,
among others.

The generalized lack of information and the lack of a suitable distribu-
tion infrastructure often hinders the development of efforts by people and
institutions dedicated to and dependent, in some way, on horticultural pro-
duction.

“In several of the workshops held in the countries to determine prob-
lems and priorities of the agri-food chain for vegetables, participants high-
lighted the need for information as one of the most important inputs
required for the sector's development.” (REDCAHOR, 2000)

Given the existing limitations of information on crops, markets, prices,
human resources, public and private institutions associated with the agri-
cultural sector and particularly with vegetable production, the idea of cre-
ating a structure to facilitate greater and more efficient access to informa-
tion arose within the framework of the Collaborative Vegetable Research
and Development Network for Central America, Panama and the
Dominican Republic (REDCAHOR),

it should be noted that this information should aim to facilitate decision
making by producers and other relevant actors. Risk in vegetable activities
is very high because of climatic consideration, but also and especially
because of a lack of planning. With no reliable and up-to-date information
on hand, producers are not able to adequately plan their crops in terms of
planting seasons, varieties, post-harvest practices and, of course, marketing.

This is the reason for creating the Regional Vegetable Information
System (SIRCAHOR), which aims to provide solutions and alternatives to
the problem of scant information in all or most of REDCAHOR's member
countries.



86 impact of REDCAHOR's action on the vegetable subsector in the region

2. Case: Regional Vegetable Information System
(SIRCAHOR)

SIRCAHOR is designed as a mechanism that will integrate the various
national, local and institutional information systems that produce or con-
tain information on vegetables that will be useful for decision making by
the different actors of the region's horticultural subsector. (REDCAHOR /
IICA AC - Costa Rica, 2000).

The system is made possible through its principal objective, which is to
develop a strategic alliance between the network and INFOAGRO! for
strengthening and developing an information system on vegetable-related
activities that fosters the use of information relevant to decision-making
processes and to improving the quality of life.

This principal objective includes the following specific objectives:

¢ To identify existing vegetable-related information services and informa-
tion products in the region
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1 INFOAGRO: On-line information system promoted by the IICA Cooperation Agency in
Costa Rica and Costa Rica's National Production Council (CNP).
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¢ To establish an electronic directory on support services for the
vegetable subsector for each of the Network's member countries

¢ To foster the creation and establishment of specialized national agri-
cultural information systems in Central America, Panama and the
Dominican Republic

2.1. Components of Stage | (1999 - June 2000)

The first component involved the conducting of inventories to deter-
mine what information exists and which are the priority needs. The bases
for the system will be founded on the information needs identified.

To date, the following elements have been designed for the system:
2.1.1. Directory of human resources

This data base contains classified information on technical and profes-
sional personnel involved in vegetable activities in each of the countries. It
includes a technical information sheet for each person included in the data
base, which will enable interested persons, enterprises or institutions to
identify and locate the person they need for a job or specific information on
a given crop or topic.

2.1.2. Directory of vegetable-related services

This is a collection of information sheets on public and private institu-
tions and businesses that can provide a variety services related to vegetable
activities.

2.1.3. Directory of institutions holding information relevant
to the vegetable subsector

This directory will contain relevant information held by institutions
associated with the vegetable-agriculture subsector. It also identifies the
units responsible for processing and disseminating information within the
institutions. The following table lists some of these units.
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2.2 Components of Stage Il (as of June 2000)

In this stage, the different documentation centers must be connected to
the on-line system, making it possible to fully integration the information
and make it available to anyone who needs it.

Two main lines of work are planned for stage two:

a. Provide system with the information. In other words, although the
infrastructure was created during the first stage, it contains little infor-
mation and is therefore not very useful. Therefore, the next step is to
incorporate all the relevant information in the system, ensuring that it
is accessible and useful to those who need it.

b. Publicize the system and how it works. To this end, a plan to publi-
cize the system and how it works must be implemented in order to
reach to all that may be interested or who participate in the agri-food
production chain of vegetables.

2.3. Stage lll

Once the system has been established and is in operation, it will be
necessary to start selling the services so as to ensure the system's sustain-
ability over time.

2.4. Achievements of Stage |- REDCAHOR

Part of Costa Rica's information has been incorporated into the sys-
tem, and all the elements in INFOAGRO regarding vegetable production
and development are ready to be added to a specialized web page. In
Panama, AGRONET operates out of IICA's AC in that country; in
Guatemala, the first steps are being taken to create INFOAGRO. In addi-
tion, the structure for the system to operate on-line is being created and
the principal information centers that can participate in the Network (see
table) have been identified. In addition, the following tools of the sys-
tem have been created: the directory of human resources, the directory
of vegetable-related services, and the directory of institutions holding
vegetable-related information.
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2.5. Beneficiaries

Beneficiaries of the system will include producers, the scientific com-

munity and professionals working in the vegetable sector in the region, who
will be able to use modern resource management techniques, based on
suitable and timely decision making.

It will also benefit public and private national institutions, municipali-

ties and other organizations of civil society, the academic sector, teachers
and students, exporters and importers, buyers, sellers and intermediaries of
vegetables as a whole. (REDCAHOR bulletin)

2.6. Anticipated Results

¢

Web site in operation with references from institutions in the member
countries that hold vegetable information

Catalogue of vegetable services published

Catalogue of human resources specializing in vegetable-related
activities

Catalogue of institutions holding vegetable-specific information
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2.7. Conclusions for the Region

A lack of information in the region has been identified as one a problem
by those working in vegetable-related activities in REDCAHOR member
countries.

This is compounded by the absence of an accessible and on-line
system.

Creation of the SIRCAHOR regional information system responds to
this problem..

SIRCAHOR contains information on various aspects of vegetable activ-
ity, as well as on the human resources and institutions associated with this
topic.

The system will benefit producers, technical and scientific personnel,
researchers, marketing agents, consumers and other people involved in
vegetable-related activities in the region.

It will facilitate management of more and better information by the
members of vegetable chains in the REDCAHOR member countries, which
will contribute to improved decision making.

Products include the on-line data base on existing human resources
and businesses/institutions in the member countries involved in vegetable-
related activities.

SIRCAHOR is a pioneering initiative that will clearly have an impact
throughout the region on all aspects of vegetable-related activities. It pro-
vides a solution to the problem of the inadequate, and often not objective,
information available in the region.

One of the most important aspects of SIRCAHOR is how it will unify
the information systems of all the countries, with data bases and services
that make the project sustainable.
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Appendix 1
Selected oninon and sweet pepper accessions
during the 1998 - 1999 work period.

Onion accessions Sweet pepper accessions
L-0131 PBC1010
L-0157 PBC124
L-0464 PBC746
L-0647 PBC124
L-0851 PBC1460
L-1014 PBC411
L-1358 PBC1522
L-1658 18586
L-2222 PBC1460
L-2673 PBC41

5523 PP977431
5541 SN46
5554 PP602
5636 PP154
17346 PBC590
20571 PP977174
PBC948
PBC1384

Source: REDCAHOR (1999).
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Anexo 2. Continuacién.

Objetivo Actividad

Resultado

Medio de verificaciéon

Factor limitante

Divulgacién

Organizaciéon de jornadas
cientificas para publico en
general, donde se exponen
objetivos, logros, resultados y
perspectivas de las alternati-
vas impulsadas por REDCA-
HOR y UNA.

Participacién en congresos y
reuniones para presentar
avances y resultados de estu-
dios de la introduccion de los
parasitoides.

Z oxaue
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Anexo 2. Continuacion.

Objetivo Actividad

Resultado Medio de verificacién Factor limitante

Divulgacién 1. Publicacion de meto-
dologia sobre crianza
masiva de parasitoi-
des.

2. Folletos y tesis.

3. Conferencias y par-
ticipacién en eventos
cientificos.

Articulos en revista CATIE. Publicacién de cuarentena de C.
plutellae, M. plutellae Revista #50.

Manual de cria de parasitoi-

des larvales de Plutella.

Divulgacién de trabajo de Publicacién de metodologia de cria de
IaREDCAHOR en control parasitoides revista #51 y 52.
biolégico de cruciferas a nivel

interno de la UNA y nacional.

Realizaciéon de panfleto
titulado Manejo bioldgico
de la palomilla de repollo P.
xylostella en las criciferas de
Centroamérica, donde se ex-
ponen los objetivos, pro-
blemas, experiencias y re-
sultados.

Finalizaci6n y realizacion de Tesis escritas y articulos publicados de
cuatro trabajos de diploma. estas.

Memorias.
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Anexo 2. Continuacion.

Objetivo Actividad

Resultado Medio de verificacién Factor limitante

Investigacién

Construccion de laboratorio Inauguracion de laboratorio campesino Recursos econémicos para
campesino de  control de control biolégico en cruciferas en la garantizar funcionamiento.
biolégico comunidad de la Almaciguera el 7 de

marzo del 2000 bajo el financiamiento

de la REDCAHOR.

Capacitacién 1. Generar  técnicas Realizacion de capacitacion Entrenamiento de 25 técnicos y produc- Falta de mecanismos para
sencillas para la cria dirigida a técnicos y produc- tores de la regi6bn centroamericana la seleccion del personal
de parasitoides mane- tores. miembros de la REDCAHOR. enviado al entrenamiento

jadas por productores.

de Cria.

2. Generar material di- Generacién de manual de Elaboracion de recomendaciones para
dactico y practico de cria de los parasitoides intro- proceso de cuarentena de parasitoides
crianza para técnicos ducidos a la regi6n cen- larvales

y productores.

3. Entrega de parasitoides,

troamericana por medio de la
REDCAHOR.

Visita y apoyo técnico a los Entrega de parasitoides a Honduras,

asesoria y evaluacio- paises interesados en la Panam4, El Salvador, Taiwan y Costa Rica.
nes de campo en introduccién de los parasitoi-
paises miembros de des. Visita de seguimiento y capacitacion a Hon-

la REDCAHOR.

duras, Panam4, El Salvador y Costa Rica.

Facilitacion de material bibliogréfico de
referencia acerca de los parasitoides en
estudio.
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Anexo 2

Matriz de Resultados de 1998-2000 del Proyecto de Cria de Parasitoides

de Plutella en Nicaragua.

Objetivo

Actividad

Resultado Medio de verificacién Factor limitante

Investigacién

1. Procesos cuarente-
narios de

# Cotesia plutellae.

* Microplitis plutellae

# Diadegma insulare.

@ Diadegma
semiclausum.

2. Afianzar metodologia
de crianza de C.
plutellae, M.
plutellae, D. insulare
y D. semiclausum.

3. Evaluacion y estudios
de adaptabilidad y
establecimiento en
campo

4. Desarrollo de técnicas

artesanales de cria en
finca.

Procesos cuarentenarios Informes de cuarentena de C. plutellae, Falta de personal calificado
exitosos para cada uno de los M. plutellae y D. semiclausum asi como en cuarentena de para-
parasitoides introducidos.  permisos de liberaci6n por el Ministerio sitoides.

Agropecuario y Forestal de Nicaragua.

Seguimiento de produccién, Hojas de control de produccién de los El estudio de caracteristi-
rendimiento y calidad de pie parasitoides y su hospedero (P. €as especificas de los
de cria del laboratorio princi- xylostella). parasitoides se dificulta
pal en Nicaragua bajo la por falta de equipos de
metodologfa actual de cria.  Informes de seguimiento y control de la laboratorio.

biologia de los parasitoides.

Establecimiento de ensayos Informe de resultados de Liberacion o

de campo para la evaluacién de C. plutellae, M. plutellae y D. Débil coordinacién entre
de adaptabilidad, estableci- semiclausum en cuatro zonas produc- Instituciones encargadas
miento. toras de repollo. de estudios de campo.

Capacitacién a productores Entrenamiento a cuatro productores de Disponibilidad de los pro-
en la cria de parasitoides.  cruciferas en crfa de los parasitoides y ductores a adoptar la
su hospedero. alternativa propuesta.

maema saPan.
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Tabla 10. Dependencias e instituciones relacionadas con el proceso y la distribucién de informacién

en los paises miembros de la REDCAHOR.

DEPENDENCIA INSTITUCION PAIS
INFO AGRO lICA/CNP Costa Rica
Programa Integral de Mercadeo Centro Nacional de Distribucién de Alimentos (CENADA) Costa Rica
Agropecuario (PIMA)
MERCANET Consejo Nacional de Produccién (CNP) Costa Rica
Sistema Electr6nico de Comercio Exterior ~ Centro de Tramites de Exportacién (CENTREX) El Salvador
Departamento de Informacién Organismo Internacional Regional de Sanidad Agropecuaria (OIRSA)  El Salvador
Centro Nacional de Tecnologia Ministerio de Agricultura y Ganaderia El Salvador
Agropecuaria (CENTA)
Secci6n de Informacién Ministerio de Agricultura, Ganaderia y Alimentaci6n Guatemala
Departamento de Informacion Asociacién Gremial de Exportadores de Productos no Tradicionales Guatemala

(AGEXPRONT)
Instituto de Ciencia y Tecnologia Ministerio de Agricultura, Ganaderia y Alimentacién Guatemala
Agropecuaria (ICTA)
Sistema de Informacion de Mercados y Secretarfa de Agricultura y Ganaderia Honduras
Productos Agricolas de Honduras (SIMPAH)
Departamento de Informacién Direccién de Cienciay CTA) Honduras
Departamento de Informaci6n Federaciéon Hondurefia « a Honduras
Departamento de Informaci6n Instituto Nicaragtiense ¢ NTA) Nicaragua
Departamento de Informacién Asociacion de Productor Productos no Nicaragua
Tradicionales (APENN)

Departamento de Informacién Ministerio de Agropecuario y Forestal (MAGFOR) Nicaragua
AGRONET IICA - ACT Panaméa
Departamento de Informacion Instituto de Mercadeo Agropecuario Panama
Departamento de Informacién Ministerio de Desarrollo Agropecuario Panamé
Departamento de Informaci6n IICA - ACT Rep. Dominicana
Departamento de Informacion Centro para el Desarrollo Agropecuario y Forestal (CEDAF) Rep. Dominicana

Fuente: Elaboracién del autor con informacién contenida en el Diagnéstico de la Presencia de Sistemas de Informaci6n en los Paises

Miembros de la REDCAHOR, por medio de INTERNET. (REDCAHOR 2000).
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Tabla 7 . Nicaragua. Principales zonas de produccién y hortalizas producidas en Matagalpa y Jinotega.

Cultivo Area (ha) Zona Area (ha) Zona Area (ha) Zona Area total
(ha)
Papa 434 Jinotega 42 San Rafael 595 Matagalpa 1071
Repollo 140 Jinotega 21 San Rafael 94.5 Matagalpa  255.5
Tomate 105 Jinotega 28 San Rafael 373 Matagalpa 506
Lechuga 70 Jinotega 35 Matagalpa 105
Chile dulce 49 Jinotega 10.5 San Rafael 200 Matagalpa  259.5
Zanahoria 35 Jinotega 175 Matagalpa 210
Remolacha 35 Jinotega 28 Matagalpa 63
Cebolla 21 Jinotega 595 San Rafael 1575 Matagalpa 2191
Apio 17.5 Jinotega 5.6 Matagalpa  23.1
Perejil 3.5 Jinotega 1.4 Matagalpa 4.9
Cucdrbitas 77 Matagalpa 77
Total 4766
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