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Foreword

S.K. De Datta,
Principal Investigator IPM CRSP, Director OIRED, and
Associate Provost International Affairs,
Virginia Polytechnic Institute and State University

It is generally agreed that the research, education, and development
enterprise in the United States is the strongest in the world. However,
all industrialized countries and some newly industrialized developing
countries, such as China and India, are also engaged in cutting-edge
science and technology for economic development in their countries. It
is critical that U.S. universities engage in a global agenda of collaborative
research, education, and outreach with other countries, not just for the
benefit of those countries, but for U.S. national well-being as well, due
to synergies and mutual gains from these efforts. The topic of this book,
integrated pest management, is one of the areas in which international
collaboration is crucial and, potentially, mutually beneficial. Pests have
little respect for borders, and producers and consumers at home and
abroad stand to gain from increased efforts to develop and implement
IPM strategies around the world.

The U.S. Agency for International Development (USAID), through
its Economic Growth and Trade (EGAT) Bureau, has championed global
collaboration in agricultural research by providing resources to nine
Collaborative Research Support Programs (CRSPs) with annual funding
of approximately $22 million. USAID regional bureaus and missions
around the world have complemented USAID EGAT funding with
additional support. One of the CRSP programs, initiated in 1993, is the
Integrated Pest Management (IPM) CRSP. The IPM CRSP was concep-
tualized by USAID to address health, environment, and economic issues
globally through IPM interventions. The IPM CRSP, awarded competi-
tively to and managed by Virginia Tech, has taken a consortium ap-
proach involving other U.S. universities, international agricultural
research centers (IARCs), non-governmental organizations (NGOs), and

xiil
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private sector entities to plan, develop, and transfer successful IPM
technologies. Many of the examples found in this book present and draw
on lessons learned on the IPM CRSP.

The development and transfer of IPM technologies depend on a
combination of technical and socioeconomic factors. In the IPM CRSP,
we believe that a participatory approach should be followed in all aspects
of program management, problem identification in targeting crops and
pests, development of new technologies, and technology transfers to end
users. The stakeholders in these participatory processes include, among
others, farmers, farmer cooperatives, scientists, teachers, bankers, pesti-
cide companies, marketing agents, policy-makers, and extension
agents. The products of these processes on the IPM CRSP include the
development and institutionalization of eight regional IPM programs in
Africa, Asia, Latin America, Caribbean, and Eastern Europe. Relevant
new cost-effective technologies; printed materials — such as scientific
articles, books, fact sheets, symposia, and conference proceedings; and
human capital developments — such as the training of farmers, exten-
sion agents, and researchers in short-term and long-term programs (the
latter including the training of graduate students) are among the out-
puts. Throughout the process, progress was continually monitored and
impacts were measured against benchmarks. Policies that affect adoption
or non-adoption are also critical elements, and the IPM CRSP has
evaluated numerous policy instruments. '

Gender equity concerns are not merely academic, but are critical
issues that impact crop production and the heath and safety of house-
hold members. IPM interventions, such as the minimal use of safe
pesticides for maximum benefit, are often constrained by not sufficiently
engaging women stakeholders. The IPM CRSP has developed methods
for integrating gender issues into the IPM implementation process. The
IPM CRSP has also used simple IPM interventions as well as cutting-
edge scientific tools, such as biotechnology and GIS, in developing
knowledge and technologies for end users.

The Office of International Research, Education, and Development
(OIRED), which has served as the Management Entity, has attempted
to manage the IPM CRSP as openly and fairly as possible, devoting
significant Virginia Tech resources to ensure its success. Collaborative
partners in the United States, which also have devoted significant re-
sources to  ensure project success, include: Penn State, Ohio State,
Purdue, U.C.-Davis, University of Georgia, Montana State, the U.S.

xiv
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Department of Agriculture, and historically black colleges and universi-
ties such as N.C. A&T, Fort Valley, Florida A&M, Maryland-Eastern
Shore, and Lincoln. Numerous host-country institutions, international
agricultural research centers (especially AVRDC, CIP, and IRRI), and
NGO:s in all regions have collaborated with U.S. scientists and have
provided laboratory, field, and office space for the project. USAID
missions in Ukraine, Albania, Uganda, Mali, Guatemala, and the Carib-
bean region have provided about $5 million for IPM activities that relate
to Mission priorities.

This book should serve as an important resource for all IPM practi-
tioners as well as for domestic and international development agencies
such as USAID and development banks. The technical editors and the
authors of the chapters in this book have written from first-hand knowl-
edge and experience gained from serving in IPM programs, especially the
IPM CRSP. We appreciate the contributions to Chapter 9 of Kevin
Gallagher of the FAO Global IPM Facility; Steve Sherwood, who serves
as Andean area representative for World Neighbors in Ecuador; and
James Mangan, who worked with FFS programs in Indonesia and China.
We, the IPM CRSP family, are grateful to USAID/EGAT for funding the
IPM CRSP and to the IPM CRSP CTO, Dr. Robert C. Hedlund, for his
leadership in the project. We believe this compendium will be a valuable
addition to the literature on global IPM issues.




» ‘
| ) .
1 .
i ‘ 1 1

¥ 4 n

I — — s a . - — - - — - -

Figure 1-2. Ugandan farmers participating in sorghum IPM training.
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Figure 3-3. Purple nursedge (Cyperus rotundus) and Trianthema
portulacastrum in onion in the Philippines.
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Figure 4-1. Striga in bloom in Mali.

Figure 5-2. Late blight (Phytophthora infestans) on potato.
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Figure 11-2. Snowpea cold room storage in Guatemala.
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The Need for Cost-Effective Design
and Diffusion of IPM

George W. Norton, S.K. De Datta, Michael E. Irwin,
Edwin G. Rajotte, and E.A. Heinrichs

As food demand has grown worldwide, agricultural production has
intensified and there has been a concomitant expansion in the use of
synthetic pesticides. Questions are increasingly raised about the
sustainability of production systems heavily dependent on such chemicals.
Concerns over potential health and environmental dangers, increased pest
resistance to pesticides, and continued prevalence of pest-induced crop

Figure 1-1. Farmer and scientists discussing potato insect problems
in Ecuador.
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NortoN, DE DATTA, IRWIN, RAJOTTE, AND HEINRICHS

losses, especially in areas where pesticides have not reached, are stimulating
the search for strategies that utilize genetic, cultural, biological, informa-
tion-intensive, and other pest management alternatives.

Integrated pest management (IPM) is becoming increasingly impor-
tant globally for managing agricultural pests, especially in more developed
countries. IPM is a management system philosophy that emphasizes using
increased information to make pest management decisions and integrating
those decisions into ecologically and economically sound production
systems. It utilizes all suitable techniques and methods in as compatible a
manner as possible to maintain pest populations below those causing
economic injury (FAO, 1967). For example, components of IPM systems
include biological, environmental, and economic monitoring, predictive
models such as economic thresholds, and a variety of genetic, biological,
cultural, and, when necessary, chemical control measures. However, IPM
efforts are still heavily concentrated in developed countries, despite intensi-
fying chemical use in many developing countries as well.

The past 20 years have witnessed a growth in IPM programs in se-
lected developing countries such as Indonesia, the Philippines, China,
Uganda, and Guatemala, but adoption of IPM remains slow in most of the
developing world. The International Agricultural Research Centers (IARCs),
the Food and Agricultural Organization (FAO) of the UN, the U.S. Agency
for International Development (USAID), CARE, and other organizations
have collaborated with scientists and extension workers in developing
countries to encourage the development and deployment of IPM systems.
Adoption is limited, however, due to technical, institutional, social, cultural,
economic, educational, informational, and policy constraints. Future
expansion of IPM in developing countries will depend on success in reduc-
ing each of these constraints. Ultimately, the adoption of IPM strategies
rests in the hands of farmers, as pest management practices must meet their
needs as well as those of society. Stronger science must be melded with more
cost-effective farmer-participatory approaches. The combination of good
science and cost-effective participatory research and training has proven
elusive in many IPM programs. In addition, the appropriate role of the
public versus the private sector remains ill-defined, particularly so for the
development and implementation of newer IPM tools such as biotechnol-

ogy.
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Multiple Approaches and Tradeoffs

A variety of approaches are available for developing and extending
IPM solutions to pest problems. They include traditional research and
extension methods that rely heavily on laboratory/green house and on-
station research combined with extension education (public and private)
through individual contacts, meetings, publications, and electronic media;
on-farm structured experiments and farming systems research and training;
participatory “farmer-field-schools” that emphasize research and education
programs that rely heavily on farmer-generated research and training; and
variants of these approaches.

Emphasis in IPM programs has gradually shifted to more participatory
approaches (Van de Fliert, 1993; Dlott et al., 1994; Réling and Van de
Fliert, 1994; Norton et al., 1999). IPM is particularly suited to participa-
tory research and extension (R&E) because it is multidisciplinary and
management- and information-intensive. Finding solutions to pest problems
- is high on the agendas of farmers, and farmers often have significant pest
management knowledge and occasionally like to experiment (Bentley et al.,
1994).

Participation, however, can have many goals (empowerment, technol-
ogy generation and diffusion) and interpretations, and a broad array of
participatory methods have been applied in R&E programs (Thrupp and
Haynes, 1994; Rocheleau, 1994). The nature of farmer participation can
differ substantially within IPM programs identified as being participatory,
and participation may involve people and institutions such as policy mak-
ers, marketing agents, and nongovernmental organizations in addition to
farmers, scientists, and extension workers. The intended results of participa-
tion differ among organizations and individuals. Therefore a key issue for
any IPM program is to decide on which participatory methods to apply in
order to achieve the desired results (see Figure 1-2, page xvii).

With a focus on results, these methods must address the issue of how
to extend the program to a broad audience. Particularly if the target group
includes limited-resource farmers, that audience may be huge, in the mil-
lions in most developing countries. The sheer size of the group creates a
dilemma. How can the needs of local farmers be met through participatory
IPM, while, at the same time, lessons learned that are cost-effective be
extended to the broader audience? Meeting local needs requires farmer
participation, but if participation is too intensive (involves many interac-
tions between the farmer and the technical person), public financial re-
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sources for IPM programs may be exhausted before very many farmers are
reached. Compounding the problem is the relative weakness of public
extension programs in developing countries.

The appropriate tradeoff between (a) highly-intensive participatory
IPM programs that can empower a relatively small group of farmers to make
very knowledgeable IPM decisions versus (b) less-intensive participatory
IPM programs that might reach larger numbers of farmers but impart a
potentially shallower understanding per farmer, depends on several factors.
First, the funding source (local, national, international) determines in part
the target group and the relative importance of technology and information
(T&I) spillovers across regional or national boundaries. A program that is
primarily locally funded hopes to achieve as much depth of knowledge as
possible and may be less concerned about the spread of technology beyond
the local area, while an internationally funded program expects broad
communication of information. Second, the structure, strength, and linkage
of the existing research and extension (R&E) institutions influence the
speed with which IPM T&I can be generated and disseminated. The stron-
ger the capacity and the linkage of the overall R&E system in a country, the
greater the chance a pilot program will be duplicated beyond the immediate
area. Third, the specific commodities and pest problems selected, and the
major technologies involved, can significantly affect how easily the IPM
program can be expanded or “scaled up”. IPM programs for a major crop
such as rice may spread more easily than a program for minor crops such as
vegetables, and if the pest problem is amenable to an improved technology
that involves a product such as an improved seed or a grafted seedling, the
solution will likely spread more quickly than if it is only amenable to
improved management.

Fourth, homogeneity in both the physical and the socio-economic
environments can greatly influence the ability to scale up an IPM program.
For example, within very short distances within the Andes in South America
and within the Eastern African Highlands, micro-climates, farm sizes,
gender roles in agriculture, and cultural traditions for working and commu-
nicating closely with one’s neighbors differ greatly. Fifth, the cost and local
applicability of a technology can determine whether farmers will adopt it.
Technologies that are cost effective and are appropriate for the local circum-
stances have a higher probability of adoption. Sixth, the educational level of
farmers can have a major bearing on the speed and level of adoption of an
IPM strategy. In general, farmers with higher levels of formal education are
more likely to adopt technologies faster and perhaps in a more sustainable
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manner. While these differences underscore the importance of participatory
approaches, they also indicate a need for a deliberate, proactive T&I transfer
strategy, because the farmer-to-farmer approach for spreading IPM technol-
ogy may proceed too slowly.

Successful generation and cost-effective dissemination of IPM requires
a participatory approach that recognizes the comparative advantage of
various participants (farmers, national and international scientists, extension
workers, policy makers, input suppliers) and the importance of the environ-
ment in its many dimensions (natural resource, social, cultural, economic,
and institutional). Designing and implementing such a participatory
approach is difficult anywhere, particularly where farms are small and their
numbers are great. When farms are larger and fewer and environmental
rules more restrictive, as in the United States, farmers have an incentive and
capacity to directly seek out information from knowledgeable people in the
public and private sectors, including scientists and other experts, thus
facilitating the spread of IPM. The challenge of developing and facilitating
the spread of IPM principles (globalizing IPM) in developing countries is
greater, but no less important.

The chapters in this book describe an approach to implementing
appropriate IPM programs in selected developing regions of the world. It
focuses to a significant extent on how participatory IPM research must be
integrated with the diffusion process if widespread dissemination of IPM
T&I is to occur, just as successful farmer-participatory IPM extension
programs can not divorce themselves from scientists and other players
upstream in the scientific knowledge/regulatory/marketing chain. The
purpose of this book is to describe an experience with a set of similarly
focused IPM programs and to place those programs in the context of other
IPM efforts underway around the world. In the process, we trust that some
light will be shed and debate stimulated on workable approaches for the
cost-effective generation and diffusion of IPM knowledge in the developing
world.

Structure of the Book

Chapter 2 reviews briefly the general approaches currently being used
for IPM research/diffusion around the world. The participatory integrated
pest management (PIPM) approach utilized in the context of the IPM
CRSP is described in detail, setting the stage for examples presented in
subsequent chapters.
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Section II of the book includes five chapters that discuss how the
PIPM approach is applied in five very different parts of the world: Asia,
Africa, Latin America, the Caribbean, and Eastern Europe. Chapter 3
presents Asian examples of how IPM practices for different insects, diseases,
weeds, and nematodes are developed and integrated in an IPM strategy. It
describes how pest problems and IPM strategies are identified and priori-
tized through stakeholder meetings, participatory appraisals, baseline
surveys, and crop-pest monitoring. Furthermore, Chapter 3 summarizes the
process for designing and testing PIPM tactics and strategies through
laboratory, greenhouse, and on-farm experiments for onion and eggplant in
the Philippines and for eggplant and cucurbit in Bangladesh. It discusses the
role of interactive transnational linkages, how interdisciplinary analysis has
been facilitated, and the integration of social and gender analyses in the
IPM program. ,

Chapters 4, 5, and 6 address topics similar to those in chapter 3, but
for other regions. Chapter 4 focuses on examples from Africa, both east and
west. The eastern Africa case targets maize/bean and sorghum/groundnut/
cowpea farming systems common to eastern and northern Uganda. Selected
horticultural crops such as tomatoes and potatoes are also addressed in the
Ugandan program. The development and deployment of IPM packages in
these systems are discussed. The West Africa case focuses on IPM of sor-
ghum/millet/cowpea farming systems as well as bean/hibiscus in a peri-
urban production system in Mali. The significant differences between the.
Africa and Asia cases illustrate the need to tailor participatory approaches to
accommodate differences in natural resource allocations, culture, and
institutions. Chapter 5 focuses on Latin America and emphasizes IPM
strategies on non-traditional agricultural export (NTAE) crops such as
snow-pea and broccoli IPM systems in Guatemala and potato and plantain
systems in Ecuador. These commercial export commodities in Guatemala
present a set of quality control issues and pre-export inspection protocols
that need to be addressed in the context of an IPM strategy if the country is
to succeed in developing a stable market for these products. Chapter 6
provides examples of participatory IPM protocols for sweet potatoes, hot
peppers, and vegetable amaranth in the Caribbean, developed under the
guidance of a regional research organization (Caribbean Agricultural Re-
search Development, CARDI) given the small size of the individual coun-
tries. Chapter 7 considers an IPM program in a country, Albania, undergo-
ing major economic and political transition.
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The chapters in Section III focus on issues related to deploying IPM
packages. Chapter 8 draws on examples from the various regions to examine
the roles of public extension, cooperatives, non-governmental organizations
(NGOs), and other private sector groups in the transfer and adoption of
IPM. The roles of farmer field schools, simple messages, and other ap-
proaches to facilitating the spread of IPM knowledge are considered, with
an eye toward the comparative advantage of various methods in different
situations. Knowledge diffusion within a country is considered as well as
diffusion across national and regional boundaries. The roles of international
organizations are also considered. Methods for and examples of assessing
adoption are discussed, with special attention to how social and gender
issues are incorporated. Because many crop protection systems in develop-
ing countries are thin in scientific research and extension personnel, training
programs that involve training outside the country, inside the country, and
combinations of these are described and assessed.

The farmer field school (FFS) approach to disseminating IPM, dis-
cussed briefly in Chapter 8, is elaborated in more detail in Chapter 9, with
examples from around the world. The FES process, countries and institu-
tions with major FFS programs, and the role of FES in educating farmers
and trainers are described. Evidence on FES cost-effectiveness is discussed,
as is the need for developing-country institutions to be cautious in their
interactions with chemical companies when implementing a field-school
approach.

The adoption of IPM strategies can be heavily influenced by policy or
institutional issues. Chapter 10 provides methods for and examples of
pesticide and IPM policy analysis in the Philippines, Uganda, Ecuador, and
Jamaica. Because pesticides are imported by most developing countries,
direct and indirect (e.g., exchange rate) trade policies can be as or more
important than domestic policies in creating economic incentives for
adopting IPM practices. Environmental regulations and their enforcement
also critically affect pesticide use and hence the implementation of IPM
practices. In many countries, agricultural commodities receiving particularly
heavy doses of pesticides are export crops. Chapter 11 presents a detailed
example of a pre-inspection IPM program for export crops in Guatemala.
Drawing on a snow-pea example, the steps followed in institutionalizing an
IPM quality control process in Guatemala are described.

Evaluating strategic IPM packages is the focus of Section IV. In
Chapter 12, methods are presented for evaluating economic and social
impacts of IPM adoption. Examples of farm- and local-level assessments of
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economic impacts in the Philippines, Bangladesh, and Uganda are pre-
sented, with examples of aggregate or market-level assessments for these
countries and Ecuador. The role of geographic information systems (GIS) in
assessing the impacts is discussed with examples from Jamaica, Uganda,
Bangladesh, and Ecuador. Gender and social impacts are also considered,
with examples from Mali, Uganda, Guatemala, and the Philippines. In
Chapter 13, methods are presented for evaluating how IPM practices affect
health and the environment. Detailed examples are presented from impact
assessments in the Philippines and Ecuador, with suggestions of practical,
cost-effective assessment tools. In Chapter 14, the myriad ways in which
gender affects the adoption and impacts of IPM are discussed, as women
prove to be both more involved than expected in household decisions
concerning pesticide use and less able than men to obtain access to IPM
information and technologies. Even in regions where women are unlikely to
view themselves as “farmers,” women often influence pest management
strategies through their roles in household budget management and deci-
sion-making regarding expenditure for pesticides and labor. Obtaining
accurate information about women’s roles in the work and decision pro-
cesses that ultimately result in household pest management choices is a
critical component of participatory IPM research.

Section V (Chapter 15) presents conclusions and lessons learned from
the IPM experiences in Asia, Latin America, the Caribbean, Africa, and
Eastern Europe. Cost-effective globalization of IPM is possible but will
demand a retreat from the one-size-fits-all approaches of the past, and a
recognition that more attention must be devoted to effective collaboration
and cooperation among international, regional, and national organizations,
and between these groups and farmers and consumers.
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Participatory Integrated Pest

Management (PIPM) Process
George W. Norton, Edwin G. Rajotte, and Gregory C. Luther

Introduction

Successful integrated pest management programs require interactions
among scientists, public and private extension, farmers, policymakers, and
other stakeholders. Defining the appropriate nature of those interactions is
difficult because research and dissemination activities require financial and
human resources, and because farmers, scientists, and extension workers
have comparative advantages in specific aspects of the knowledge generation
and diffusion process. In addition, the ease of transferring technologies
depends on the environmental sensitivity of the technologies and on envi-
ronmental, cultural, and other sources of diversity within countries.

With limited resources, scientists or extension workers cannot interact
directly with all farmers. Therefore it is essential for farmers to generate
many of their own IPM technologies and to learn from each other, and for
IPM knowledge to diffuse through a variety of channels. Farmers know a lot
but not everything about their pest problems. They often incorrectly
diagnose their problems because many pests are difficult to see (Bentley et
al., 1994). Therefore interactions among farmers, researchers, and extension
workers are needed to help identify the principal causes of and potential
solutions to pest damage observed by farmers. The question is how to
obtain those interactions in a sustainable, cost-effective manner.

Participatory Approaches to IPM
Farmer-participatory approaches have been used for many years in
extension systems relying on participatory group-learning methods, but
participatory IPM programs took a significant step forward in the late
1980s with the initiation of the “Farmer-Field-School” (FES) approach to
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Figure 2-1. Grower meeting to evaluate IPM training program in Mali.

rice IPM in Indonesia (Kenmore, 1991). A summary of this approach can
be found in Roling and van de Fliert (1994), and in Chapter 9 below; in
brief, FFS stresses the importance of farmers growing a healthy crop,
observing their fields weekly, conserving natural enemies, experimenting
themselves, and using relevant, science-based knowledge.

A farmer-training program is held with groups of about 25 farmers
(often broken into sub-groups) (Figure 2-1). The “field schools” last for an
entire growing season in order to take the farmers through all stages of crop
development. Little lecturing is done, with farmers’ observations and
analyses in the field providing key components of the process. Farmers and
trainers discuss IPM philosophy and agro-ecology, and farmers share and
generate their own knowledge (van de Fliert, 1993; Yudelman et al., 1998).

Applied first in Asia with support from FAO and USAID, FFSs spread
to Africa and Latin America and now are used in vegetables and many other
crops as well as rice. FFSs are practiced by national agricultural research
systems as well as by NGOs. For example, the Philippine government uses
FFSs as its principal approach to IPM diffusion, while CARE relies on them
in a major way in Bangladesh and several other countries. The model has
been well received and is, where resources permit, a viable approach for
achieving in-depth farmer knowledge of sustainable pest management
practices.

14
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Despite the success of targeted FES participatory IPM programs,
overall spread of IPM in developing countries remains relatively limited,
and the need has been recognized to extend participatory IPM research and
extension programs in other dimensions if widespread adoption is to be
achieved. There is a need to improve the participatory nature and scientific
rigor of IPM research conducted by scientists in agricultural research
systems, and to define more clearly the linkages between farmer-based
research and extension programs such as the FFSs and the general supply of
national and international scientific knowledge. The initial FFS programs in
rice had the advantage of building on a wealth of scientific information
already widely available for rice. IPM programs for vegetables and many
other crops have not had this luxury, and perhaps for this reason have
proceeded more slowly. An optimal IPM program has strong linkages
between farmers and upstream (fundamental and applied) research, and
between farmers and market information as well.

A second critical issue is how an IPM program can cost-effectively
diffuse information to millions of small farmers. FFS programs have helped
thousands of farmers to understand IPM and to gain the skills needed to
develop methods for managing their pests. However, they cost roughly $40
to $50 per farmer trained in the Philippines, Indonesia, and Bangladesh
(Quizon, Feder, and Mugai, 2000; Tim Robertson, CARE-Bangladesh
personal communication, 1999). Unless farmers who receive FFS training
impart their knowledge to large numbers of their neighbors and retain the
IPM knowledge for a long time and use it on more than one crop, relatively
few farmers can be reached before training budgets are exhausted. Recent
studies sponsored by the World Bank examined the issues of IPM knowl-
edge retention and diffusion (Quizon, Feder, and Mugai, 2000; Rola,
Jamias, and Quizon, 2002). Results were not especially encouraging. They
found significant retention but little diffusion. Impacts on yield and pesti-
cide use have also been questioned (Feder, Murgai, and Quizon, 2004).

The important questions are how to maximize IPM information
generated and spread for the dollars and effort spent, and how to obtain a
reasonably large amount of knowledge diffusion given tight public budgets.
The answers are likely to vary by country and to require a multiple-pronged
approach that considers the nature of the crop, the pests, the technologies,
the need to involve public and private sectors, the types of farmers, the
quality of existing research and extension organizations, and other factors.
The purpose of this chapter is to describe, in general terms, a participatory
IPM approach that is currently being tested in several countries, with the
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details of specific applications to be provided in subsequent chapters. The
approach includes a general set of principles and a flexible participatory
IPM (PIPM) process that continues to evolve and be tailored, to some
extent, to each specific country setting.

PIPM Principles
The guiding principles of the PIPM process include the following:

1) Farmers and scientists both participate so that they can learn from
each other;

2) The IPM research program is multidisciplinary and includes social
scientists as well as biological scientists (fundamental and applied);

3) Participation extends to the output and input marketing sectors as well
as regulatory and other government institutions;

4) Appropriate linkages are made to sources of knowledge external to the
country;

5) Diffusion of IPM knowledge to producers involves all relevant chan-
nels in the public and private sectors;

6) Multiple methods for IPM diffusion are utilized as appropriate, given
the nature of the IPM information, time and resources available, and
characteristics of recipients;

7) IPM research is institutionalized in existing organizations, where
possible, in a way that it is sustainable over time without extraordi-
nary external resources;

8) All activities are subject to impact assessment.

The goal of PIPM is to increase incomes for the whole population
while reducing health and environmental risks associated with pest manage-
ment. Achieving this goal requires good science, farmer involvement, and
recognition of the myriad factors that influence farmer decision-making. It
means recognizing that generating and spreading IPM knowledge requires
scarce resources, and just reaching a few thousand farms, large or small,
achieves little. It is easy to get absorbed in arguments over details of specific
participatory methods or research and extension techniques and lose sight of
the goal. The reality is that no single research or extension method works
everywhere or even for every pest problem in a specific site. Therefore the
PIPM process described below is a broad approach designed to be flexible,
within the bounds of the principles described above.
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The PIPM Process
IPM is a process that:

1) builds on fundamental information about the pests and their environ-
ment,

2) identifies solutions to pest problems for specific crops (or livestock,
lawns, schools), and

3) facilitates the spread of IPM strategies.

IPM accomplishes these tasks by involving the appropriate people at
each stage in the process so there is no disconnect among the stages. There-
fore it begins by identifying the relevant collaborators and other stakehold-
ers (Figure 2-2). These people help determine possible sites for experimental
work, specific commodity foci, and other aspects that define the broad
parameters of the program focus. The initial group of collaborators and
stakeholders may include scientists, public and private extension workers
including representatives of non-governmental organizations (NGOs),
farmers, representatives from farm organizations, local leaders, public
officials, and others.

Site selection is critical since on-farm experimental work requires
representative areas and locations where the logistics allow scientists to
regularly visit the field. Such sites are reasonably close to an experiment
station for the initial primary sites. Secondary sites can' be selected in major
growing areas to facilitate additional on-farm testing and obtain feedback
from farmers on IPM strategies developed on the more intensive on-farm
experimental sites, but where scientists are not present as often during the
season. If the IPM program has international involvement, it may be
important to select a research site that is representative of a major agro-
ecosystem in a multi-country region.

Scientific collaborators are chosen to represent an appropriate disci-
plinary mix, and typically might include expertise in entomology, plant
pathology, weed science, nematology, economics, and sociology/gender
analysis.! Farmer collaborators are chosen based on interest in working with
scientists on their farms. Collaboration with farmers who are members of a
cooperative or other group can work well, because of the additional feed-
back that may be obtained from neighboring farmers, and the increased
capacity to spread information. Other stakeholders often include consum-

! The IPM CRSP, being an international collaborative research program, included
these disciplines in both its foreign and domestic scientists.

17



NORTON, RAJOTTE, AND LUTHER

Identify Participants and Initiate PIPM Process

Gather Meet with Stakeholders to Design Participatory
Secondary Identify Sites and Possible Appraisal and Baseline
Information Program Focus Survey
N
Identify Practices, Problems, and Priorities
. ] Conduct Baseline
Participatory Appraisal Survey
V.(/_orkshop to Ide.nn‘f}.r CroP Pf?St Community
Initial Research Priorities Monitoring .
Advisory Group:
Farmers
NE Bankers
Marketers/Processors
; . . Extension Agents
Develop IPM Tactics and Strategies 5 Community Leaders

Farmer/Scientist Research to Design
and Test PIPM Tactics and Systems
through Laboratory, Greenhouse,

and On-farm Trials

Social, Gender
Institutional,
and Policy
Analysis

N2

Training, Outreach, Information Exchange

Training and Policy
Technical Recommendations
Assistance and Dialogue

Diffusion of IPM Information
Technologies Exchange on IPM

N

N

Impact
Evaluation

Figure 2-2. Suggested PIPM pro;ess.
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ers, government officials, NGO representatives, marketing agents, and
lenders.

Gathering Fundamental Information

Several fundamental information-gathering activities are conducted in
a PIPM program to help establish research priorities. Primary among these
activities are gathering secondary information, conducting a baseline survey
and participatory appraisals, and monitoring the abundance of pests and
beneficial organisms in the crop system. Secondary information is collected
on the production and value of specific crops locally, nationally, and region-
ally; on the magnitude of pest losses due to specific pests, on the amount of
previous and existing IPM research activities in the public and private
sectors, and on important socioeconomic factors that may influence an IPM
program. ’

The baseline survey may include regions beyond the local research sites
in areas where the same crop/pest complex is known to be prevalent. A
survey of 300-400 farmers can serve to identify farmers’ pest perceptions,
pest management practices,and decision-making processes; basic socioeco- -
nomic characteristics; and other information. It provides a baseline against
which evaluation can occur down the road.

A participatory appraisal (PA), which uses a less-structured informa-
tion-gathering technique than a survey, complements the survey because it
allows follow-up on issues that need clarifying (Figure 2-3). The PA process
begms with a brief training session for scientists on PA methods, just prior
to going into the field. The PA takes one to two weeks for a typical IPM site
and helps to foster interdisciplinary relationships among collaborators as
well as to assist with research priority-setting. Additional details on the PA
process are provided in the next four chapters and in publications such as
Litsinger et al. (1995).

A fourth key information-gathering activity is basic identification and
field monitoring of pests and beneficial organisms for at least two years. Precise
identification of pests is crucial if subsequent IPM strategies are to build on
knowledge from other locations or sources, because pest species or strains
can behave differently and there is little use in duplicating what is already
known (Irwin, 1999). Pest monitoring is critical because pest abundance
and timing must be assessed to estimate the economic significance of the
pests, and to develop subsequent solutions to the problems. Farmer-collabo-
rators selected for on-farm experiments can assist with the monitoring.
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Figure 2-3. Interviewing farmers during a participatory appraisal in the Philippines.

Developing Solutions to Pest Problems

While crop/pest monitoring is underway, farmers and scientists work
together to design, test, and evaluate IPM tactics and management strategies.
In many cases, pot, greenhouse, or micro-plot experiments are appropriate
aids to assessing IPM tactics (practices) and, in virtually all cases, basic
farm-level experiments of IPM tactics and strategies are conducted (Figure
2-3). At least two years of farm-level experiments are required before any
particular practice can be recommended (see Figure 2-4, page xvii). Concur-
rently, social science research is undertaken on policies, institutions, and
social factors that may influence the development and adoption of IPM. For
example, the role that gender plays in decision-making and how benefits are
distributed within the household may affect the success of an IPM program.
Establishment of a community advisory group may help provide feed-back
on a continuing basis.

There is sometimes a debate about the value of research conducted by
scientists versus farmers. This debate intensified with the introduction of
farming-systems and farmer-participatory research paradigms in the 1970s
and ’80s. While the debate has helped focus attention on the importance of
including clientele in the research process, the reality is that an effective
IPM research program often involves farmers, scientists from national
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experiment stations, university scientists, the international scientific com-
munity, public extension workers, extension workers at NGOs, and others.
It is not a question of farmer-led research versus experiment station re-
search. The question is how to optimally involve all the players who might
contribute to a successful IPM program. Each player has an appropriate role
and the successful program recognizes how to sequence components and
interactions among them. Scientists will achieve little success in solving pest
management problems without involving farmers, and farmers, even work-
ing closely with extension workers and other technically trained people, will
make limited progress without input from upstream scientists.

Spreading IPM Management Strategies

As research output is generated, outreach and information exchange
beyond the locations of the on-farm experiments become important.
Scientists interact with public extension, non-governmental organizations
(NGO:s), and private agribusiness firms and cooperatives. The relationship
among these groups and their relative importance differ by country and
farming system. FFSs are one way for extension and NGO groups to
generate and spread IPM information when sufficient resources are available
and in-depth understanding is required (See Chapter 9). For some technolo-
gies, simple messages can be cost-effectively spread through media cam-
paigns, or through the private sector, especially if the messages are embed-
ded in products. Increasingly, information flows by electronic means in
addition to publications, workshops, field days, and other traditional
methods. A community advisory group may be helpful in spreading IPM
information locally. However, advisory councils require empowerment by
scientists if they are to be effective.

Because most IPM research is conducted on a relatively small number
of farms where logistics allow interactions with scientists, it is important to
test promising IPM strategies over a broader area than that where the
research is focused. Simple experiments, demonstration plots, and field
schools with farmer-led research can be strategically located around the
country for the purpose of providing feedback to scientists about the need
to adjust technologies to specific local conditions. These activities can test
packages or integrated strategies and need not be conducted under the strict
statistical designs that are necessary at earlier stages in the research process.

The role of the private sector can be important, particularly when IPM
research results are embedded in seeds or other products such as resistant
varieties and grafted seedlings. In more developed countries, crop consult-
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ants can impart information on cultural or management practices as well,
although private impartial consultants (as opposed to salespersons) are yet
to make many inroads among limited-resource farmers in developing
countries, except where there are strong linkages to the market through a
cooperative or export firm that hires technical people to work with farmers.

The international centers play a critical part, both in terms of scientist
training and in extending and testing research in countries beyond where
the initial research is conducted. The existence of rice, vegetable, potato,
and wheat networks coordinated by international centers provides a mecha-
nism for transferring information and for bringing it back to the scientists.

Impact assessment is also essential to the PIPM process. Assessing the
economic, health, environmental, and social implications of alternative IPM
technologies feeds directly into recommendations for farmers and policy
makers. Aggregate assessments can also help in setting priorities and in
justifying an IPM program to funding sources. Aggregate assessment
requires adoption analyses, which may be ex ante (before the research) and
include expert opinion, or ex post (after the research) and include data on
actual adoption. Adoption analysis can be useful for assessing issues that
might be addressed to increase adoption.

Successful IPM programs are institutionalized in national research
systems. In many cases, institutionalization will involve short- and long-
term training for researchers and extension workers.? One of the most cost-
effective and least disruptive types of graduate level training involves a
“sandwich” program in which the student takes classes and receives the
degree from a developing-country university, but spends a semester or two
taking courses and conducting research at a U.S. university or international
agricultural research center (IARC).

Institutionalization of IPM research also requires cost-effective pro-
grams that mesh with other research programs. Particularly for disciplines
such as economics and plant breeding, IPM may be only one component in
a broader research program. Therefore, IPM planning and review can be a
piece of an overall research review and planning process. External resources
may supplement the program in its early stages, but sustaining the program
over time requires a commitment to make PIPM a part of the recurring
research program.

2 The IPM CRSP has met that need through a combination of short-term (2 weeks
to 6 months) training at U.S. universities and international centers, and
graduate education with degrees from either U.S. or regional universities in
Africa, Asia, and Latin America.

22




2 — ParTICIPATORY IPM

The PIPM principles and process presented very briefly in this chapter
are elaborated on through examples in the remaining chapters. One key to
the process is broad yet cost-effective participation.
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Sally A. Miller, AAM.N. Rezaul Karim, Aurora M. Baltazar,
Edwin G. Rajotte, and George W. Norton

Introduction

IPM programs have grown rapidly in Asia over the past 20 years,
stimulated in part by donor-supported projects in Indonesia, the Philip-
pines, Bangladesh, Vietnam, and other countries, and by development of
significant IPM programs in national agricultural research systems (NARS)
in India and elsewhere. One of the largest IPM efforts initially focused on
rice with the assistance of the International Rice Research Institute (IRRI)
in developing programs with NARS throughout the region, and the Farmer
Field School (FES) programs developed with support from the U.S. Agency
for International Development (USAID) and the Food and Agricultural
Organization (FAO). The FFS programs were implemented through both
governmental and non-governmental organizations (NGOs).

Attention to vegetable crops was stimulated in part by the efforts of
the Asian Vegetable Research and Development Center (AVRDC), which
supported IPM programs in countries throughout the region. IPM CRSP
activities in Asia began with the establishment of the Southeast Asia site in
the Philippines in 1994, and the South Asia site in Bangladesh in 1998.
AVRDC and IRRI are partners in the IPM CRSP program together with the
host country and U.S. institutions. Donors from the U.K. and elsewhere
established targeted IPM research programs in specific countries on a variety
of additional crops. Outreach efforts in vegetable IPM have been facilitated
by FES programs run by CARE, especially in Indonesia and Bangladesh.

Research at the two IPM CRSP sites has centered on IPM for veg-
etables produced intensively or in rotation with rice. There are similarities
between the sites in cropping systems, pest problems, and socioeconomic
issues, and many of the U.S. and other international team members have
worked at both sites. While rice IPM has been firmly established in Asian
countries for several years (Shepard, 1990; Ooi and Waage, 1994; Savary et
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al. 1994; Teng, 1994), investments in IPM research, development, and
information dissemination in vegetable cropping systems have historically
been lower (Guan-Soon, 1990). As vegetable supply and demand has grown
over the past few years, vegetable production has become an important
source of income for many resource-limited farmers. Unfortunately, veg-
etables are also subject to damage by numerous insect pests, weeds, and
diseases. Misuse of pesticides on vegetables is common, resulting in increas-
ingly severe pest problems, and increased incidence of environmental
contamination and pesticide poisoning; Tejada et al., 1995; Tjornhom et al.,
1997; Lucas et al., 1999; Rahman, 2003; Rashid et al., 2003).

Identifying and Prioritizing IPM Problems

and Systems
Vegetable IPM programs under the IPM CRSP began in both the
Philippines and Bangladesh with participatory appraisals (PAs), stakeholder
meetings, and baseline surveys, followed by several seasons of crop-pest
monitoring to determine and prioritize pest problems and socioeconomic
questions, and to assess constraints and opportunities.

The Philippines

In the Philippines, an initial meeting was held in March 1994 at the
Philippines Rice Research Institute (PhilRice) in Mufioz, Nueva Ecija, with
participants from PhilRice, the University of the Philippines at Los Bafios
(UPLB), the International Rice Research Institute (IRRI), the Asian Veg-
etable Research and Development Center (AVRDC), FAO, USAID, Vir-
ginia Tech, and Pennsylvania State University (Gapud et al., 2000). These
stakeholders established the participatory process that formed the basis of
IPM research, development, and outreach activities of the site. Other IPM
programs in the Philippines were reviewed, crops were prioritized, and
potential research sites were determined (Litsinger et al., 1994). PhilRice, an
agency of the Philippines Department of Agriculture with a strong national
research and development system, was designated the lead national institu-
tion for IPM CRSP activities. Other stakeholders were identified, including
farmers and their families, a local cooperative, city agriculturalists,
Landbank, barangay (village) captains and councils, policy makers in the
Philippines Department of Agriculture, the National Onion Growers
Cooperative Marketing Association (NOGROCOMA), chemical and seed
companies, and the Philippine Fertilizer and Pesticide authority.
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San José, Nueva Ecija, an area in the Central Luzon approximately 130
km north of Manila, was selected as the initial site for on-farm experiments.
Local agricultural officials were consulted in the selection of nine barangays
(neighborhoods) in or near San José and the nearby towns of Santo
Domingo and Talavera. Farmers in these towns were interviewed by the site
selection team regarding their pest problems, crops, and constraints particu-
larly, but not exclusively, related to pest management. Finally, in consulta-
tion with municipal agriculturalists and technicians, six barangays (Santo
Tomas, Abar 1st, Kita-kita, Sibut, Manicla, and Palestina) in San José were
selected.

A baseline survey was conducted in June 1994 with 300 farmers to
determine their perceptions of diseases, weeds, insect pests and their natural
enemies, and to assess farm characteristics and pest management practices.
Some pertinent results of the survey were: 1) onion was the predominant
vegetable crop planted after rice; 2) 77% of the farmers surveyed planted
vegetables after rice, 18% planted only rice, and 5% planted only veg-
etables; and 3) pesticides were heavily used on some farms, with up to 10
applications on rice and 24 applications per vegetable crop.

These data were used to plan the PA, which was carried out over a
two-week period in July 1994. PA procedures were discussed among the
participating scientists in a brief workshop prior to going into the field.
During the PA, farmers from six villages were interviewed, and additional
interviews were conducted at local cooperatives, the Landbank, and a local
hospital (to determine incidence of pesticide poisonings); and with the city
agriculturalist, agricultural extension workers, barangay captains and
counselors, pesticide dealers, assistant secretaries in the Department of
Agriculture, and representatives of the National Economic Development
Authority, AVC Chemical Corporation, USAID, NOGROCOMA, and the
Philippine Institute of Development Studies.

Scientists who participated in the PA visited with farmers and other
stakeholders in small teams during the mornings and spent the afternoon
debriefing, analyzing relationships, formulating follow-on questions, and
planning additional PA activities the for next day.

Litsinger et al. (1994) present results of the PA in detail. In brief,
average farm size ranged from 0.9 ha (Abar 1st) to 2.4 ha (Santo Tomas).
Five dominant cropping patterns were observed: 1) rice-rice, 2) rice-fallow,
3) rice-vegetables, 4) rice-vegetables-vegetables, and 5) vegetables-veg-
etables. A wide range of vegetables was planted after rice, the most common
being members of the onion family (onion, garlic, shallots), followed by
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eggplant, string beans, mungbeans, sweet and chili peppers, various
squashes, tomato, green corn, and Chinese cabbage, known locally as
pechay. Farmers perceived the stem borer and “worms” to be the most
important pests of rice, although the golden snail, rats, “weeds”, numerous
other insect pests, and rice.tungro virus were also mentioned by at least
10% of the farmers. Thrips, armyworms, weeds, bulb rot, and damping-off
were mentioned as important pests of onions by 34% or more of the
farmers surveyed. Although the sample size of farmers responding to ques-
tions about the remaining crops was small, several pest problems emerged as
most important, including fruit and shoot borer of eggplant and “worms” of
peppers, string beans, and bitter gourd.

Insecticide use on rice was higher than recommended by IRRI (1995),
averaging 1.5 applications in the seedbed and 2.3 to the main crop. Seventy
percent of the applications were calendar-based. Both banned and unsafe
insecticides were used, mainly applied using a lever-operated knapsack
sprayer that generally results in considerable pesticide contamination to its
operator. The use of synthetic pyrethroids, which have a negative impact on
natural enemies, was also mentioned by a number of farmers. Weeds were
managed by a combination of cultural, mechanical, and chemical methods.
Disease control practices were not mentioned. High amounts of insecticides
were applied to onions, with an average of 7.5 applications per crop, 87%
of which were calendar-based. For weed control, farmers applied a rice straw
mulch to preserve soil moisture and suppress weeds. Hand weeding, herbi-
cide use, rice hull burning, and plowing and harrowing were also practiced.
Various fungicides and even water were applied to control bulb rot. For
eggplant, farmers attempted to control the fruit and shoot borer with 30-50
insecticide applications during the time of fruiting, without great success.
Relatively high numbers of applications of insecticides were also reported
for the remaining vegetable crops. Socioeconomic factors affecting rice
production included lack of reasonable credit, high cost of irrigation, and
low price at harvest. For onions, socioeconomic factors were similar but also
included expensive seed, high input costs, price fixing by traders, lack of
storage facilities, and limited technical support.

A large majority of the farms were operated by nuclear families. Land
preparation, irrigating, and spraying were the exclusive responsibility of
male family members. Women, who often decided what and when pesticides
were to be applied, and also purchased them, primarily did the weeding.
However, marketing of pesticides was often directed toward men. Men and
women shared harvesting and marketing responsibilities.
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Statistics were also gathered on marketing, credit, and land tenure.
Onion marketing is complex in San José because San José is a center for
onion production. Onions are produced for consumption in the Philippines
and for export to other countries in Asia, primarily Japan, Singapore, and
Malaysia. The large-bulbed Yellow Granex onion was produced for export.
Farmers sold onions directly to traders or joined a cooperative for storage
and marketing of onions, and for obtaining credit. Credit came from a
variety of sources, and interest rates varied dramatically. Sources of credit
included personal loans from friends, local moneylenders, traders, and
banks such as the Land Bank. Most farmers in Nueva Ecija were sharehold-
ers, and various crop-sharing arrangements were made with the landowners.
The barangay of Palestina, in which 70% of the farmers were owners, was
an exception.

A research planning workshop held at the end of the process was
another element of the PA. Crops and pests were prioritized, working
groups prepared specific plans for whole-group discussion, and budgets were
prepared. The group decided to focus on onion, because it is the principal
vegetable crop of the area; eggplant, which is important in the Filipino diet
and is also the recipient of a large amount of insecticide; and string bean,
due to its pest profile, high degree of pesticide use, and crop importance.
Questions and ideas for pest management and socioeconomic research were
listed and prioritized during brainstorming sessions. Key examples of focal
points for research and eventual dissemination of results are described in
subsequent sections of this chapter.

During the first two years of the IPM CRSP in the Philippines,
scientists worked closely with farmers to identify and prioritize pests on the
targeted vegetable crops. Although farmers identified a number of specific
problems during the PA, the general terms “weeds” and “worms” were often
reported. Diseases were rarely mentioned, which is not surprising as many
diseases are difficult to diagnose in the field and symptoms may be attrib-
uted to general problems with fertility, water management, etc. During the
course of pest monitoring and surveys, researchers discovered that the rice
root knot nematode, Meloidogyne graminicola, was the cause of serious yield
losses of onions (Gergon et al., 2001a). Farmers had previously believed that
the symptoms observed were due to insect pests or air pollution. In addition
to the root knot nematode, the following pests were identified as most
important and served as the focus for further research: common cutworm of
onion (Spodoptera litura), eggplant fruit and shoot borer (Leucinodes
orbinales) (see Figure 3-1, page xviii), green leathopper of eggplant (Amrasca
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biguttula), and the weeds purple nutsedge (Gyperus rotundus), Cleome
viscosa, Phyllanthus amarus, and Trianthema portulacastrum.

Bangladesh

In Bangladesh the PA was conducted over a ten-day period in August
1998 by scientists from the Bangladesh Agricultural Research Institute
(BARI), the Bangladesh Rice Research Institute (BRRI), AVRDC-
Bangladesh, CARE-Bangladesh, Institute for Post Graduate Studies in
Agriculture (IPSA), AVRDC, IRRI, Virginia Tech, Penn State, Purdue, and
UPLB. BARI, located in Joydebpur, was designated the lead national
institution for the Bangladesh site. The principal site chosen for on-farm -
research was Kashimpur, located in the Gazipur district, 16 km from
Joydebpur, but the PA included activities in Comilla and Sripur as well.

As in the Philippines, the PA began with a brief workshop on partici-
patory appraisal methods and on the state of the vegetable sector and IPM
in rice-vegetable systems in the country. Scientists and NGO representatives
from the institutions listed above were broken into four groups, with field
visits in the mornings and debriefings in the afternoons. Information was
collected and discussed on seasonal cropping patterns, major pests by crops,
pest management practices, information sources, markets, credit sources,
land tenure, production constraints, economic factors, and gender/social/
family issues that might impinge on IPM. Finally, a two-day workshop was
held to prepare preliminary research plans for the program.

It was clear from the PA that eggplant, tomato, cabbage, a variety of
gourds, cucurbits, okra, onion, and country beans were especially important
among a large number of vegetables in need of IPM programs. Heavy
insecticide and fungicide use was noted, but little herbicide use. Export
markets were small, but with some potential for growth. Many of the same
pests found in the Philippines were also a problem in Bangladesh, for
example fruit and shoot borer and bacterial wilt on eggplant.

A baseline survey was also designed and conducted in a manner similar
to that described above for the Philippines (Hossain et al., 1999). The
survey was conducted in two villages (Enayetpur and Barenda-Noyapara) in
Kashimpur Union and two (Aahaki and Joyertek) in Konabari Union, areas
of highland to medium highland suitable for rice-vegetable cultivation.
Three hundred male farmers, operating small, medium and large farms, and
100 female farmers from the same four villages, were selected. Female
enumerators interviewed female farmers. The farmers were predominantly
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middle-aged, and the majority of males were illiterate. In contrast, all of the
females were literate. About one-fourth of the males and none of the
females had received training in rice and vegetable production. Farm size
was less than one ha on average. Although both rice and vegetables were
produced, the area is considered an intensive vegetable production area. A
wide variety of vegetable crops was produced, depending on the season. The
major cropping patterns were: vegetable-vegetable-vegetable (23%), fallow-
fallow-rice (14%), vegetable-vegetable-rice (9%), vegetable-rice-vegetable
(8%), fallow-vegetable-vegetable (7%), vegetable-fallow-vegetable (7%),
fallow-rice-vegetable (6%), and vegetable-green manure-vegetable (6%).
The major insect pests reported by farmers were caterpillars, aphids, ants,
and fruit fly; diseases included mosaic virus, leaf blight, stem rot, and leaf
spot. The majority of farmers reported applying insecticides 2-4 times per
vegetable crop. Vegetables were sold to traders or to local markets. The use
of credit was low; 16% of male farmers in Barenda-Noyapara village bor-
rowed money from friends, neighbors, moneylenders, or a cooperative.
However, 32% of female farmers reported borrowing money from friends
and neighbors.

During the first year of crop and pest monitoring, several insect pests,
weeds, and diseases emerged as significant problems in the evaluation area
(Islam et al., 1999). Tomato yellow leaf curl disease (geminivirus) was the
most serious problem of tomatoes identified, while late blight and early
blight were also considered important in tomato. Mosaic virus in bottle
gourd, root rot of cauliflower and cabbage, leaf rot of Chinese cabbage,
bacterial wilt of eggplant, root knot nematode in country bean and bunch-
ing onion, and leaf blight of bunching onion were also reported.

Insect pests were monitored on eggplant, tomato, cabbage, okra, yard-
long bean, and cucurbit crops in the Kashimpur area. Fruit and shoot borer
was the main pest on eggplant, damaging about 16% of fruits. Other pests
of moderate importance were jassids (leafthoppers), aphids, and white
fly. On tomato, aphids were the dominant pest, infesting 29-73% of the
plants; other pests were white fly and mite. Cabbage was mainly damaged
by Spodoptera caterpillars. Pest infestation on okra and yard-long bean was
low. Low infestations of noctuid caterpillars on okra and fruit fly on yard-
long bean were observed. Cucurbit fruit fly was the main pest on all kinds
of cucurbit crops in Kashimpur area; average infestation rates were 44% in
white gourd, 32% in snake gourd, 25% in ribbed gourd, and 29% in bottle
gourd. : -
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Vegetable fields were generally hand-weeded. Dominant weeds were
Cynodon dactylon in cauliflower and bottle gourd, Cyperus rotundus in
eggplant, and Eleusine indica in cabbage, tomato, and radish.

The PA and baseline survey identified a host of potential areas that
could benefit from the participatory IPM research approach. Research
activities were focused on crop rotations that included highland eggplant
(brinjal) and gourds and medium land cauliflower, gourds/cucumbers,
tomatoes, and onions. Topics included varietal screening for resistance and
grafting to manage bacterial wilt; root knot nematode, and fruit and shoot
borer in eggplant; poison bait/pheromone traps for fruit fly on pumpkin
gourd; cultural practices for weed management; and assessments of crop loss
due to weeds. Socioeconomic topics were assessment of impacts of IPM
systems and technologies, analysis of factors affecting IPM adoption, role of
women in vegetable production and IPM decision making, and understand-
ing the pricing and marketing context for the principal vegetable crops
(IPM CRSP, 1999).

Designing and Testing Participatory IPM (PIPM])
Tactics and Systems through Laboratory,

Greenhouse, and On-farm Experiments

The multidisciplinary process by which PIPM tactics and systems are
conceived and evaluated involves scientists and technical staff from host-
country institutions, as well as scientists from cooperating institutions
outside the host country. The process is the same in both sites in Asia, and
some experiments are similar at both sites due to some similarity of crops
and pest-management issues. Farmers and other stakeholders are consulted
in the process as a means of ensuring that the most important pest manage-
ment issues are addressed. Farmers may already employ specific pest-
management practices that can be appropriate for wider application beyond
their own farm or village once they are validated and more fully understood.
In the Philippines, the IPM CRSP team works closely with local farmers in
San José as well as the more prosperous onion farmers of Bongabon, Nueva
Ecija, most of whom are members of NOGROCOMA. Bangladesh farmer-
scientist cooperative projects take place in intensive vegetable-growing areas
in the Gazipur, Jessore, Rangpur, and Comilla districts. Taking stakeholder
input into account, IPM CRSP scientists propose specific experiments with
clear objectives, testable hypotheses, descriptions of activities, and justifica-
tion and relationship of the proposed activities to other IPM CRSP activi-
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ties at the site. Expected outputs and impacts are also described. If the
activity is continuing from the previous year, a brief project update is
included. Proposed experiments are presented to the IPM CRSP team,
including in-country and cooperating institution scientists, early in the
calendar year. In this way all proposals are reviewed by an interdisciplinary
group representing a broad range of expertise and interests, insuring that
proposals are critically and thoroughly reviewed. All proposals are reviewed
by the full Technical Committee of the IPM CRSP prior to final approval of
the workplan. The formal process of proposing and designing experiments
and compiling them into a workplan is carried out once each year.

Research, extension, and training activities in both sites focus on
developing environmentally and economically sound approaches to manag-
ing pests in rice-vegetable and vegetable-vegetable cropping systems, with
focus on onion and eggplant in the Philippines and eggplant (brinjal),
tomato, cucurbits, okra, and cabbage in Bangladesh. Research studies to
determine both immediate and long-range solutions to the most critical pest
problems are conducted through: 1) multidisciplinary on-farm studies; 2)
multidisciplinary laboratory, greenhouse, and microplot studies; 3) socio-
economic impact analysis; and 4) IPM technology transfer. The activities,
integrated among the various disciplines (entomology, plant pathology,
weed science, nematology, sociology, economics) address a broad range of
IPM strategies from validating indigenous farmers’ cultural practices to
chemical, biological, or genetic methods. While most studies employ a
single-crop approach (vegetables only), multi-crop approaches are used on
pests such as purple nutsedge that appear ih both rice and vegetable crops.
To encourage the active participation of farmers in the IPM approach and
to enhance interaction between researchers and farmers, most field studies
are conducted in farmer-cooperators’ fields. Socio-economic impact analyses
are an integral part of the program, and relevant economic data are collected
for each study. A

From results of completed studies, promising technologies, including
pheromone trapping for cutworms in onions and weed management
through optimized hand weeding and reduced herbicide use, are being
integrated into the IPM training programs of the PhilRice Extension and
Training Division in the Philippines. The training programs are targeted to
training of trainers (provincial level) who in turn train agricultural techni-
cians (municipal level). Mature technologies are also shown in techno-demo
plots in village-level integration studies conducted in pilot areas. In
Bangladesh, several effective IPM technologies, such as mass trapping of
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fruit flies in cucurbits, the use of poultry compost-based soil amendments
to reduce soil-borne diseases, and grafting of eggplant and tomato onto
bacterial wilt-resistant rootstocks have been adopted by farmers in the
districts in which initial field trials were established, primarily by “word of -
mouth” and through the efforts of farmer-leaders/early adopters working
closely with IPM CRSP scientists. IPM CRSP scientists and technical staff
cooperated with CARE to train primarily female farmers with small land-
holdings in several additional districts in the grafting technology.

Integrating Social, Gender, and Economic Analysis

Gender and social impact analysis have been important components of
the IPM CRSP program in the Asia sites, especially in the Philippines. PAs
and baseline surveys helped identify gender roles in production and deci-
sion-making within the households. For example, in the Philippines, it was
found that land preparation and: threshing are male activities while trans-
planting, weeding, sorting seedlings, harvesting, and grading onions are
primarily completed by women. Women manage the family budget, obtain
credit from informal sources for both the household and farm, make
marketing decisions, seldom spray pesticides but are interested in practices
that might reduce expenditures on pesticides, and can identify symptoms of
certain pests. Generally, power-intensive operations were handled by men
and control-intensive ones by women. The importance of involving both
women and men in IPM was evident and was taken into account when
designing farmer training. In Bangladesh, women had a smaller role in
decision-making in the household in general, but were involved in pest
management, including decisions to apply pesticides.

Gender and social impact analysis (SIA) have been used to assess the
likely direct and indirect benefits of IPM technologies and to understand
factors affecting adoption and diffusion. For example, social impact assess-
ment of the practice of rice hull burning on fields prior to onion production
in the Philippines indicated that the technology is widely adopted in regions
where rice hulls are readily available, due to farmers’ perceptions that the
practice reduces weeds, improves soil fertility, and increases the number of
Yellow Granex onions qualifying as export grade. Negative impacts or
constraints were primarily related to environmental and health effects from
smoke and increased competition for rice hulls (Roguel et al., 2003).

Researchers evaluated farmers’ perceptions of sex pheromone traps as a
monitoring device to determine the time of insecticide application for
Spodoptera litura and Spodoptera exigua on onions. Farmers were enthusiastic
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about trying the technology in their own fields, and they perceived no
adverse effects on their health and the environment. With proper training
and an information campaign, the use of sex pheromone traps can signifi-
cantly reduce the use of insecticides. However, farmers perceive the traps
will not reduce their insecticide application if other pest problems are not
addressed. They believe that the other insects still present in their fields will
require insecticides for “preventive” measures, implying that the component
technology may be less successful absent a more complete IPM program.
They also stress the importance of the technology being readily accessible
and adopted on a community-wide level.

In addition to the social impact assessments, economic impact assess-
ments were conducted for virtually every component of the IPM program at
the two sites. Partial budget forms were prepared in each country for use by
scientists as they conduct experiments in the fields, as budgeting is the first
step in assessing the economic viability of alternative IPM practices. In
some cases these IPM technologies were used to project aggregate economic
benefits, both direct and indirect, due to the value of health and environ-
mental benefits (See Chapters 12 and 13 in this volume). Policy analysis was
also conducted with respect to certain issues such as net subsidies or taxes
on pesticides that might be providing incentives or disincentives to adopt
IPM (See Chapter 10 in this volume). '

Role of and Means for Facilitating Interdisciplinary Approaches
Successful IPM programs require an interdisciplinary approach, taking
into account not only the management of weeds, diseases, and insects, but
also the economic and social impacts of such programs. The need for this
approach stems from both biological interactions and social and economic
factors that influence IPM decision-making. Interdisciplinary approaches
are facilitated in both Asia sites by the formation of teams of scientists from
in-country, the United States, and other cooperating institutions comprised
of individuals with strong disciplinary focus but also a willingness to plan
and participate in experiments designed according to a systems paradigm.
The planning process described previously promotes the systems approach
and maximizes interactions among scientists. Experiments are conducted in
an interdisciplinary mode where feasible. For example, in the Philippines,
the effects of rice-hull burning on weed populations, root knot nematode,
and pink root disease in onion were evaluated in a series of experiments
(Baltazar et al., 2000; Gergon et al., 2001b). In other cases, component
research may be done, and the most suitable lessons learned combined in
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later studies, from testing “best-management packages” to on-farm research
and demonstration experiments, such as the Village Level Integration
studies conducted in the Philippines (Baltazar et al., 2002). In Bangladesh,
multidisciplinary teams have been formed to carry out evaluation of best
pest-management packages for tomato, cucurbit crops, and cabbage.

In both the Asian sites, one key to successful interdisciplinary interac-
tion has been to focus all scientists not just on the science but on the goals
of increased profitability and maximizing IPM adoption to generate wide-
spread gains. A second has been to resolve personality conflicts wherever
possible. Interdisciplinary work requires respecting other disciplines and
learning enough about the needs of the other disciplines to communicate
well. A third key has been to support and utilize a strong coordinator who
understands scientific field work, institutional constraints, and the need to
integrate social scientists.

Facilitating Interactive Transnational Linkages,
Including Roles of NARS, IARCs, and

Universities

In both IPM CRSP sites in Asia, the principal home-country cooperat-
ing institution is a national agricultural research center. For the Philippines
site, PhilRice serves as the principal contractor with Virginia Tech under a
Memorandum of Agreement between the two institutions. This structure
allows the project access to well-trained PhilRice scientists, as well as some
of the best research facilities available. From early in the project, formal
relationships were also forged with the University of the Philippines at Los
Bafios, the premier academic program for agriculture in the Philippines.
Two of the four scientists who have served as site coordinators for the
Philippines are faculty members of UPLB on leave from their home depart-
ments while coordinating the IPM CRSP through PhilRice. Other partici-
pating universities in the Philippines are Central Luzon State University
(CLSU) and Leyte State University. Faculty from these institutions collabo-
rated on the project on study leave at PhilRice and later as cooperators, and
through the training of graduate students. Both the AVRDC and IRRI have
played a critical role in developing and conducting research programs
through direct participation of scientists, introduction of technologies and
germplasm, and short-term training of Philippine scientists. In Bangladesh,
activities are directed from the Horticultural Research Center (HRC) of
BARI in Gazipur, under the auspices of the Bangladesh Agricultural Re-
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search Council. IPM CRSP team members from BARI cooperate with
faculty from Bongabandu Sheik Mujibur Rahman Agricultural University
(BSMRAU) and UPLB, and scientists from IRRI and AVRDC. Participa-
tion from the United States is multi-institutional, with the active involve-
ment of faculty from Pennsylvania State University, Ohio State University,
Virginia Tech, Purdue University, and the University of California—Davis.
Linkages between the South and Southeast Asia sites are reinforced by the
involvement of scientists from U.S. universities, UPLB, and AVRDC in
both sites. Students from the Philippines and Bangladesh have been trained
in M.S. and Ph.D. graduate degree programs in cooperating U.S. institu-
tions and UPLB in economics, sociology, statistics, weed science, and
entomology. Other students participated in sandwich programs in which
course work or research training was carried out in the United States, while
degrees were granted from home institutions including UPLB and
BSMRAU. Finally, many short-term training opportunities were provided
for researchers and students in one of the U.S. cooperating institutions,
UPLB, or AVRDC.

Examples from Bangladesh and the Philippines —
Developing IPM Systems

Management of Eggplant Fruit and Shoot Borer

Eggplant fruit and shoot borer (EFSB), Leucinodes orbonalis (see Figure
3-1, page xviii) is perhaps the single most important pest of eggplant in
Asia. Farmers may apply insecticides 50 times or more in a cropping season,
often with little success. In eggplant-intensive growing regions in
Bangladesh, 60% of farmers apply insecticides more than 141 times in a
single growing season (Rashid et al., 2003). In spite of pesticide applica-
tions, more than one-third of eggplant production in Bangladesh is lost due
to EFSB damage (BARI, 1999). The practice of frequent pesticide applica-
tions over the years has not only complicated EFSB management by dis-
rupting natural control systems, but has also created health problems to
applicators and has increased cultivation costs substantially. On average,
about 29% of the total production cost for eggplants in Bangladesh is due
to pesticide purchases (Rashid et al., 2003).

Data from on-farm studies in the Philippines indicate that simply
removing damaged fruits and shoots at weekly intervals can reduce EFSB
infestations (Table 3-1). When done at the same time as harvest, this
practice reduced labor costs and resulted in a net incremental benefit of
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Table 3-1. Effects of cultural and chemical methods on control of
fruit and shoot borer and eggplant yield, San Jose, Nueva Ecija, the
Philippines, 1997 dry season”.

Undamaged Total no.

TREATMENT Frequency Total fruits fruits of larvae
(no/wk) (no/20m?) (kg/20m?) (no/20m?)

Chlorpyrifos 2/wk 584 a 33 ¢ 110 a
Chlorpyrifos 1/wk 626 a 34 c 94 ab
Chlorpyrifos 1/2wks 645 a 34c 101 ab
Chlorpyrifos 1/3wks 671 a 42 ab 81b
Fruit/shoot removal 687 a 43 a 32c
Untreated control 662 a 37 be 120 a

""Means in a column followed by a common letter are not significantly different at P <0.05.

$2500/ha for weekly removal and $1000/ha for biweekly removal. Spraying
an appropriate insecticide every 3 weeks also reduced fruit and shoot borer
infestation comparable to weekly removal of damaged fruits (Table 3-1).
Adoption of a significantly reduced insecticide application approach would
reduce insecticide use from 30-50 to only six in a cropping season, implying
tremendous reduction in production costs as well as reduced risks to human
health and the environment.

A second approach in EFSB management is the development or
identification of pest-resistant eggplant varieties. Field evaluations in
Bangladesh of local and exotic germplasm, carried out for three years at the
BARI farm, led to the identification of twelve cultivars having high to
moderate EFSB resistance. Two of the selected cultivars are recommended
varieties {Kazla and Uttara), both of which have moderate resistance (Table
3-2).

Selected resistant materials were used as donors in developing eggplant
varieties having improved agronomic qualities and pest-resistance traits. Two
resistant lines, BL-009 and BL-114, which have attractive agronomic
characters, are now being demonstrated in farmer fields to assess their
acceptability. As an immediate measure, farmers are being advised to grow
the moderately EFSB-resistant varieties Kazla and Uttara.

In field surveys, indigenous populations of EFSB parasitoids were low,
mainly due to frequent pesticide application. However, the larval and pupal
parasitoid Trathala flavoorbitalis was well distributed in eggplant-production
areas. Studies in two distant districts of Jessore and Gazipur showed that
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Table 3-2. Field resistance of eggplant varieties/lines to eggplant
fruit and shoot borer.

Shoot infestation (%)! Fruit infestation (%)
Variety/line 2000-2001 2001-2002 - 2000-2001 2001-2002
BL-107 0.4 (HR) 8.3 (R) 0.4 (HR) 0.2 (HR)
EG-195 0.8 (HR) 10.3 (R) 0.7 (HR) 0.7 (HR)
TS-060B 0.0 (HR) 6.7 (R) 0.0 (HR) 0.9 (HR)
BL-072 — 3.3 (HR) 13.4 (MR) 0.9 (HR)
BL-095(2) — 7.8 (R) 12.6 (MR) 0.7 (HR)
BL-009 — 4.7 (HR) 8.4 (R) 0.9 (HR)
BL-095 1.1 (HR) 8.3 (R) — 1.2 (R)
BL-114 — ' 4.7 (R) 14.5 (MR) 1.6 (R)
EG-203 — 7.3 (R) 0.5 (HR) 3.0 (R)
Kazla 1.9 (R) 7.3 (R) 3.9 (R) 7.1 (MR)
Uttara — 14.3 (R) — 14.3 (MR)

! Reactions based on infestation rates of <5% = Highly Resistant (HR); <15% = Resistant
(RO; <30% = Moderately Resistant (MR); <50% = Susceptible (S); >50% = Highly
Susceptible (HS).

2 Based on infestation rates of <1% = HR; <10% = R; <20% = MR; <40% = S; >40% = HS.

populations of this parasitoid increased about ten-fold within a year when
no insecticides were applied. Parasitism of EFSB by 7. flavoorbitalis in-
creased about three-fold after one year of eggplant cultivation without
insecticide use. The incidence pattern of the parasitoid was dependent on
that of its host; a significant correlation between the number of EFSB and
the parasitoid was observed at both Gazipur (r = 0.87, p <0.05) and Jessore
(r=0.71, p <0.05). In greenhouse tests, EFSB infestation of 1st instar
larvae decreased by 91% in the presence of the parasitoid. Similar results
were obtained in microplot tests with one susceptible and 11 resistant
varieties. Except for three varieties, EFSB infestations in the presence of the

parasitoid decreased by 45 to 66% (Table 3-3).

Management of Bacterial Wilt in Eggplant

Bacterial wilt (BW) disease is caused by Ralstonia solanacearum, a soil-
borne bacterium that can rapidly disperse within and among fields through
cultivation processes. Strains in the Philippines that attack eggplant have
been identified as race 1 biovars 3 and 4; survey data on the strains present
in Bangladesh are not available, but race 1 biovar 3 has been identified
(Opina et al., 2001). Farmers lose more than 50% of eggplant production
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Table 3-3. Eggplant fruit and shoot borer (EFSB, Leucinodes
orbonalis) infestation rates on resistant and susceptible
varieties/lines in the presence or absence of parasitoids.

-Shoot infestation (%) by EFSB

Variety/line! With parasite? Without parasite
BL-107 (HR) 2.8 (63%) 8.5
EG-195 (HR) 4.9 (55%) 11.0
TS-060B (HR) 6.3 (3%) 6.5
BL-072 (HR) 4.5 (0%) 4.2
BL-095(2) (HR) - 3.5 (59%) 8.6
BL-009 (HR) 4.8 (8%) 5.2
BL-095 (R) 3.9 (61%) 10.1
BL-114 (R) 3.5 (45%) 6.4
EG-203 (R) 5.7 (46%) 8.9
Kazla (MR) 3.1 (63%) 8.3
Uttara (MR) 5.9 (66%) 17.4
EG-075 (S) 10.3 (59%) 25.4

! Letters in parentheses indicate reactions to EFSB: HR = Highly resistant;
R = Resistant; MR = Moderately resistant; and S = Susceptible.
2 Percent reduction of infestation as a result of parasitism.

in Bangladesh due to BW attack in areas where the disease is endemic. Yield
losses in the Philippines consistently reach 30 to 80% in Central Luzon.
Grafting BW-susceptible eggplant scions onto BW-resistant rootstocks has
been demonstrated to be effective in managing bacterial wilt in both coun-
tries. Research in Bangladesh demonstrated that the wild Solanum species,
S. torvum and S. sisymbriifolium, are highly resistant to the disease in
intensive vegetable-production areas. A simple, affordable polyhouse (Fig.
3-2) was designed in which seedlings were grafted successfully (>90%
survival rate) using the cleft/clip technique. In a 2002 field trial in 13 fields
in two villages in Jessore, an intensive vegetable-production area with a
history of losses due to bacterial wilt, eggplant ‘Chega’ grafted onto S.
torvum and S. sisymbriifolium had significantly lower mortality, longer
harvest duration, and higher yield than non-grafted ‘Chega’ (Tables 3-4, 3-
5). Subsequently, net income to farmers from these fields averaged 2.8 — 4
times higher than in fields with non-grafted plants (Table 3-5). Mortality
among grafted plants was almost exclusively due to Phomopsis stem rot,
while the majority of loss among the non-grafted plants was due to bacterial
wilt.
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Figure 3-2. Polyhouse (Jessore, Bangladesh) designed and constructed for local

production of grafted eggplant and tomato for management of bacterial wilt
caused by Ralstonia solanacearum.

In the Philippines, a bacterial wilt-resistant Solanum melongena line,
EG203, identified by AVRDC, was utilized in similar experiments. Results
of on-farm studies in Central Luzon showed that grafting of susceptible
commercial cultivars to EG-203, a resistant cultivar developed at AVRDC,
increased resistance to bacterial wilt by 20 to 30%. These cultivars yielded
higher when grafted to EG-203, compared to non-grafted plants.

Table 3-4. Plant mortality and harvest duration for grafted and non-
grafted eggplant (brinjal] in fields infested with Ralstonia
solanacearum in two villages in Jessore, Bangladesh.

Location Rootstock/Scion Mortality  Harvest Duration
(No. of fields) (%) (days)
Naodagagram, . torvum/Chega 105 b 90 a
Jessore (7) S.sisymbriifolium/Chega 8.1c 89 a
Chega, non-grafted 316a 60 b
Gaidghat, S. torvum/Chega 10.5 b 84 a
Jessore (6) S. sisymbriifolium 7.5 ¢ 77 b
Chega, non-grafted 273 a 55 ¢
Sripur, S.torvum/Singnath 7.2 86
Gazipur (1) S.sisymbriifolium/Singnath 8.8 80
Singnath, non-grafted 100.0 C—
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Table 3-5. Yield and net income for grafted and non-grafted eggplant
(brinjal) in fields infested with Ralstonia salanacearum in two
villages in Jessore, Bangladesh. '

Location Rootstock/Scion Yield Increase -~ Net Increase
(No. of fields) : , (t/ha) (%) Income (%)
($ US/ha)
Naodagagram, . torvum/Chega 32a 246 2177 286
Jessore (7) S. sisymbriifolium/Chega 33 a 254 2271 299
Chega k 13b — 760 —
Gaidghat, S. torvum/Chega 27b 245 1668 327
Jessore (6) S. sisymbriifolium 31a 282 2032 398
Chega 11c¢ — 510 —
Sripur, S. torvum/Singnath 27 — 1639 —
Gazipur (1) S. sisymbriifolium/Singnath 30 — 1948 —
' Singnath — — — —

Integrated Weed Management in Onion in the Philippines.

- The sedge Cyperus rotundus (purple nutsedge) and the broadleaf weed
Trianthema portulacastrum (horse purslane) are the most important competi-
tors of onion in the Philippines (Baltazar et al., 1999a) (see Figure 3-3, page
xviii). The farmers’ practice of applying one to two herbicides followed by
hand-weeding (Figure 3-4) one to three times for adequate season-long
control can cost as much as $300/ha, 20% of total production costs
(Baltazar et al., 1999b). IPM CRSP on-farm studies consistently showed
that one application of the correct herbicide followed by one timely hand
weeding controlled weeds, with onion yields comparable to yields in onions
managed according to the farmers’ practice (Baltazar et al., 2000). Weed-
control costs were reduced by 15 to 70% without reducing weed-control
efficacy or yields, resulting in an average net incremental benefit of $500/ha
compared to the farmers’ practice. Another weed-management technique,
rice-straw mulching, was validated in on-farm studies as a method to reduce
weed growth by 60%, increase yields by 70%, and reduce weed-control
costs by more than 50% over non-mulched plots (Baltazar et al., 2000).
This technique, an indigenous cultural practice in multiplier onion (shal-
lot), may also be applicable to other onion types.

Perennial weeds, including purple nutsedge, have become increasingly
adapted to rice-onion production systems, and tuber populations have
increased over time due to the continuous rice-onion rotation cycle
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Figure 3-4. Hand-
weeding onions in

the Philippines.

(Casimero, 2000; Casimero et al., 1999, 2001). As a consequence, multi-
season management approaches are most cost-effective in reducing weed
populations. One such approach, the stale-seedbed technique (sequential
harrowing or harrowing followed by a non-selective herbicide at biweekly
intervals), done during fallow periods between the rice and onion crop,
reduced purple nutsedge tuber populations by 80 to 90% over four crop-
ping seasons in 2-year on-farm studies (Figure 3-5) (Baltazar et al., 2001).
This decreased hand-weeding costs by 40 to 50%, increased yields by 2 t/ha,
and increased net incomes by $1000 over those of farmers’ practice (Table

3-6).

Conclusions

The IPM CRSP research and development efforts described in this
chapter have contributed to filling knowledge gaps in IPM for vegetable
crops in Asia. Some of the most difficult and economically damaging pest
problems were addressed and technologies developed and disseminated to
farmers, where they are in place to reduce losses due to diseases, insect pests,
and weeds. At the same time, utilization of these technologies also reduces
potential harmful effects to farmers, consumers, and the environment from
the overuse and/or misuse of pesticides. Through an interdisciplinary,
participatory approach to IPM research involving multiple stakeholders,
pest-management issues were identified and addressed in a way that would
maximize the probability of adoption by farmers.
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Figure 3-5. Reduction in purple nutsedge (Cyperus rotundus) tuber populations result-
ing from multi-season interventions. FP=Farmer’s Practice; H,R=Harrow, before rice;
H,O=Harrow, before onion; H,RO=Harrow, before rice and onion; G,R=Glyphosate
before rice; G,O=Glyphosate before rice and onion; UNW=Unweeded control; CRC=

Cyperus rotundus control.,

Economic and social impact analyses were carried out to insure poten-
tial profitability and social acceptance of new technologies. In some cases,
technologies that were shown to mitigate pest problems were rejected
because of a low probability of adoption due to economic or social factors.
For example, experiments in the Philippines showed that construction of a
net barrier around vegetable crops maintained low pest pressure and elimi-
nated the need for pesticide application, but costs of construction and
maintenance of the structure were prohibitive. In another instance, rice-hull
burning, an indigenous practice in parts of the Philippines, was effective in
reducing weeds, root knot nematode, and pink root disease in onion, but
social impact assessment indicated that it would be unlikely to be widely
adopted due to air pollution concerns and inadequate access to rice hulls in
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Table 3-6. Net income” in rice and onion crops treated with stale
seedbeds from 1998 to 2000 wet and dry seasons, San Jose,
Nueva Ecija, the Philippines.

Net Income ($/ha)?

Treatment Rice 98 Onion 99 Rice 99 Onion 00 Total
Farmer’s practice 539 936 3154 (83) 2664 (65) 7293
Harrow (rice) 501 1002 3220 (84) 2544 (61) 7268
Harrow (onion) 392 946 3718 (89) 3086 (69) 8141
Harrow (both) 458 960 3804 (88) 3026 (68) 8248
Glyphosate (rice) 524 964 3317 (84) 2664 (64) 7470
Glyphosate (onion) 331 926 3578 (91) 3045 (69) 7880
Glyphosate (both) 615 1025 3618 (83) 3091 (67) 8350
Unweeded 767 841 2375 (68) 1760 (56) 5743
C. rotundus alone 532 926 3039 (87) 2097 (97) 6594

! Gross income minus weed control costs (partial budgeting, does not include other
production costs). Farmgate price of rice: $0.25/kg (1998); $0.21/kg (1999). Farmgate
price of onion cv. Tanduyong: $0.25/kg (1998); $0.20/kg (2000).

2 Figures in parentheses indicate percent increase over first crop.

onion-intensive areas. Successful technologies such as disease- and insect-
resistant varieties, grafted tomato and eggplant for bacterial wilt resistance,
pheromones and/or bait traps to manage insect pests in cucurbits and onion,
and various weed-management strategies, including the stale seedbed
technique and reduced herbicide use plus hand weeding, are being adopted
by farmers through training efforts carried out in both countries and by
word-of-mouth. IPM CRSP scientists in both Bangladesh and the Philip-
pines have forged strong ties with local, regional, and national outreach
organizations, as well as NGOs and farmer-based organizations, to dissemi-
nate promising technologies as widely as possible.
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Developing IPM Packages in Africa

J. Mark Erbaugh, John Caldwell, Samuel Kyamanywa,
Kadiatou Toure Gamby, and Keith Moore

Farmer participation and integrated pest management (IPM) are
growing and complementary components of agricultural research and
extension programs in sub-Saharan Africa. Over several decades, attempts to
develop and disseminate IPM throughout the continent met with limited
success (Yudelman et al., 1998; Morse and Buhler, 1997; Kiss and
Meerman, 1991). However, increasing farmer participation in the develop-
ment and implementation of IPM programs has emerged as a promising
strategy for increasing the relevance and use of IPM, particularly among
small-scale farmers (Yudelman et al., 1998; Dent, 1995).

Multiple approaches have guided IPM program implementation since
its inception, resulting in different research and extéension strategies (Ehler
and Bottrell, 2000; Yudelman et al., 1998). One, the tactical, economic-
threshold approach to IPM, evolved in response to environmental concerns
about the overuse of synthetic pesticides as the sole control tactic in inten-
sive-input agricultural systems in developed countries. Its goal was to
develop a mix of pest and disease-control tactics in which synthetic pesti-
cides were used as one control tactic defined by economic thresholds of pest
populations. IPM programs in the United States used this approach for
more than 30 years, and, for many farmers, IPM is equated with thresholds.
The role of extension in this approach was to directly transfer and dissemi-
nate these tactics and the use of thresholds to farmers (Morse and Buhler,
1997).

Alternative approaches have been developed in recent years, including
alternatives for small-scale farming systems in sub-Saharan Africa (SSA),
which are often characterized by the absence or minimal use of chemical
pesticides, as well as of other synthetic production inputs. These newer
approaches in SSA seek to combine indigenous farmer knowledge with
scientific knowledge of agro-ecologies and pests to develop site-specific IPM
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systems. Variously labeled as ecological, strategic, or sustainable IPM

- (Pimbert, 1991; Mangan and Mangan, 1998; Schwab et al., 1995), these
approaches are often described as being knowledge-intensive (Morse and
Buhler, 1997) because they often require enhanced knowledge and under-
standing of biological factors and site-specific ecological interactions for
their successful implementation by small farmers (Dent, 1995). Since
information and knowledge exchange between farmers and scientists is an
essential objective, ecological IPM programs are increasingly linked to
participatory research and extension approaches (Norton et al., 1999).

Participatory approaches have gained ascendance not only with IPM
programs but also with a wide variety of development efforts in sub-Saharan
Africa, including public health, community development, and micro-
finance programs. In sub-Saharan Africa, one of the most important ob-
stacles to agricultural development is a lack of appropriate technological
solutions for diverse agricultural production systems (Cleaver, 1993).
Participatory strategies are premised on the recognition that knowledge
possessed by local inhabitants is not only legitimate in terms of traditional
systems, but can also contribute to the development of new systems, en-
hancing the relevance and applicability of knowledge from formal scientific
research. Since farmers co-evolved with their present agro-ecosystems, their
cumulative knowledge and experience with crop production represents a
source of valuable information and a foundation on which to construct and
advance new solutions and technologies. Thus, farmer participation in
agricultural research activities in sub-Saharan Africa represents an effective
mechanism for developing and adapting farmer and scientist co-generation
of knowledge to diverse conditions.

The need for strategic approaches also reflects a fundamental develop-
mental characteristic of African agricultural systems. In contrast to input-
intensive systems, which are fully integrated into the market economy, many
African agricultural systems are in transition. Changing levels of agricultural
development from formerly extensive and semi-subsistence-oriented produc-
tion systems to more intensive and partially commercialized production
systems characterize this transition. In other parts of the world, this transi-
tion has led to changing agricultural practices including input-intensifica-
tion, induced a changing set of pest problems, and resulted in increased use
of synthetic pesticides. A strategic approach to IPM seeks to develop an
alternative trajectory for this transition that does not lead to the same
outcome of dependence on pesticides. The strategic approach also recog-
nizes that different regions and crops are at different stages on the transi-
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tional continuum, as illustrated with concrete examples in Box 1. The
implications for an IPM research program are that the socio-economic and
production context, as defined by the level of agricultural development, will
affect pest priorities, pest-management strategies, and the development of
appropriate IPM interventions.

Box 1—Transitional Crops and Use of Pesticides: The transi-
tional continuum extends from extensive to intensive production
practices moving towards greater cropping, inputs (synthetic
pesticides), and managerial intensity as a crop production becomes
more oriented to the market economy. Specific crops at both
African sites illustrate this basic concept of transition and the
attendant increased use of pesticides. Sorghum at both sites is a
subsistence crop, and its production is not associated with use of
pesticides. Cowpea in Uganda is a true transition crop, having
shifted over the last 15 years from being a subsistence crop to a
locally important commercial crop. Its production is now associ-
ated with the use of synthetic pesticides. On the other end are
green beans in Mali, an export crop, whose production relies
heavily on use of synthetic pesticides.

Based on the above understanding of African agricultural systems as
transitional systems, the IPM CRSP has since 1994 applied a participatory
integrated pest-management (PIPM) approach to developing integrated
pest-management systems for small-scale farmers in Mali and Uganda. The
PIPM approach has relied on involving farmers in each step of the research
process from problem identification and prioritization to farmer evaluation
and redesign of on-farm trials. However, this transitional continuum, with
varying levels of market integration and dependence on pesticides, has
rendered sole reliance on either a purely tactical or an ecological approach
inappropriate. What has emerged from the IPM CRSP experience in Africa
is a synthesis of the two major approaches. The programmatic content of
this synthesis combines development of a sustainable knowledge foundation
based on both farmer and scientific knowledge and of programs that raise
farmer knowledge and awareness of fundamental IPM concepts with devel-
opment of pest management alternatives, including synthetic pesticide
tactics when needed for priority pests and diseases. This approach to IPM
program development and delivery has proven to be well adapted to the
diverse transitional agricultural systems found at both the Mali and the
Uganda research sites.
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The remainder of this chapter will relate the experience of the IPM
CRSP in sub-Saharan Africa to implement a participatory IPM program in
diverse and transitional production systems. The focus is on the PIPM
process, which, in addition to being participatory, has emphasized multi-
disciplinary and multi-institutional collaboration and has made a concerted
effort to involve women from the onset of the project.

The PIPM Process: Problem ldentification and
Prioritization, Crop-pest Monitoring, and

Identification of Constraints to Adoption of IPM

The participatory process used at all IPM CRSP sites, and adapted to
research sites in Africa to identify priority crops and pests and constraints
on the adoption of IPM, consisted of a series of five activities. The process
of project implementation at both sites began with a stakeholders’ meeting,
a participatory appraisal (PA) training session for scientists and field agents,
and a PA with farmers and other stakeholders at selected research sites. In
the African research sites on the IPM CRSP, field activities were initiated
with a PA rather than a baseline survey as in several other sites. Activities
were ordered in this way for several reasons. First, most scientists lacked
knowledge of the cropping systems. The level of farmer knowledge of pests
and diseases at the selected research sites was also undetermined. Scientist-
farmer interaction was needed to create a common understanding for
developing the research program and for establishing meaningful hypotheses
for both formal baseline surveys and on-farm biological research. Finally,
the PA made efficient use of the limited time of scientists from outside
Africa. The CRSP modality involves international collaboration at limited,
specific points of time, rather than the long-term posting of external scien-
tists in national institutions as in some other projects.

The PA was followed by an initial baseline survey. Farmer perceptions
of pest and disease priorities were then further documented through imple-
mentation of pest- and-disease monitoring programs. The outcome of these
initial activities was the establishment of a farmer-centered IPM research
(and to some extent, extension delivery) system and a solid foundation of
knowledge on which to begin testing IPM component technologies.

Step 1: Stakeholders’ Meetings
Stakeholders’ meetings at both sites brought together lead administra-
tors, a diverse and multi-disciplinary group of research scientists from the
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host countries and the United States, field extension personnel, and repre-
sentatives from collaborating local NGOs. Priority research locations and
crops were tentatively determined at these meetings. Additionally, the
following institutional constraints on the adoption of IPM were identified
at these meetings: 1) Weak linkages between pest management research
scientists and farmers; 2) Poorly coordinated crop-protection efforts be-
tween research and extension; 3) Lack of proven crop-protection alternatives
to synthetic pesticides; and 4) IPM research that did not take into account
farmers’ needs and knowledge.

Step 2: Participatory Appraisal ([PA] Workshops

Participatory Appraisal (PA) workshops developed a shared under-
standing of IPM and the role of farmer participation in the research process,
contributed to team-building, and helped refine a PIPM research and
development strategy. At both sites, between 20 and 30 scientists and
extension agents participated in designing the PAs by prioritizing important
informational needs and selecting appropriate participatory methods. At the
Mali PA workshop, participants were divided into small groups in which
some participants demonstrated the use of one of the participatory methods
while other participants role-played the part of farmers. At the Uganda Site
PA workshop, PA methods were pre-tested with representatives from farmer
NGO groups. Workshop evaluations at both sites indicated that the pre-
ferred sessions were those pertaining to participatory methods. The work-
shops ended by dividing the assembled groups into PA teams and making
logistical arrangements for the conduct of the PAs.

Step 3: Participatory Appraisals [PA)

In both countries the initial activity for developing research priorities
was the farmer-participatory assessment (PA). Farmer identification of
priority problems is fundamental to the process of participatory agricultural
research. Farmer-identified problems are used to determine research agen-
das, and it is this initial part of the process that differentiates participatory
from other approaches to research-agenda planning. In addition to estab-
lishing farmer perceptions of priority pests and diseases, the PA site teams
gained contextual insights into local systems and defined target audiences,
as illustrated in Box 2 below. In Mali, multiple household-based production
units form the context in which related family members meet their basic
needs for food and cash. Each unit farms multiple fields differentiated by
crops, management, and proximity to the village. Use of hired or part-time

55


John M
Rectangle


ERrBAUGH, CALDWELL, KYAMANYWA, GAMBY, AND MOORE

labor was minimal. In Uganda, households provide both labor inputs
themselves and use non-household labor, with many farm households
reporting the hiring of part-time labor or participation in labor exchanges.

Box 2— Contextual insights into causes of Striga parasitism
derived from PAs in Mali and Uganda: 1) In the semi-arid zone of
Mali, the preferred staple millet is grown near villages. These same
fields are more likely to receive annual increments of manure and
composted village waste materials than are “bush-fields” located
some distance from villages. Farmers noted that millet in these
fields tended to be “stronger” and survive Striga parasitism better
than did distant bush fields; 2) In Uganda, farmers noted that
Striga (Figure 4-1, page xix) had only become a problem with the
loss of their cattle in recent times due to regional insecurity and
cattle theft. Further questioning revealed that with the loss of
cattle, crop acreage per farm family had declined, as had the
practices of field rotation, fallowing, and the availability of animal
manure. Farmers indicated that that fallowing and/or the addition
of manure “weakens” Striga. They were also aware that continuous
planting of sorghum in the same fields tended to build-up Striga

- populations. These two examples with different crops and different
reasons for lack of fertility highlight a common principle, the
effect of fertility on increasing the plants’ capacity to withstand
Striga parasitism. Finding the common principle first requires the
contextual understanding.

Multi-disciplinary teams of scientists conducted the PAs with groups
of farmers ranging in size from 12-70 at four selected research sites in each
country. Following initial PA discussions, teams visited fields with farmers
to observe and discuss problems and priorities. In Mali, participating
farmers were from local villages and, owing to cultural norms, female
farmers were interviewed separately. It was also necessary to spend some
time initially with. the village chief and elders to familiarize them with
project objectives prior to meeting with younger farmers and groups of
women. In Uganda, farmers were from active agricultural NGO groups,
including a group with exclusive female membership. At both sites, a variety
of participatory methods were used that produced priority rankings of crops
and pests and diseases associated with these crops. These methods included
the development of historical profiles that indicated changes in cropping
systems and pests over the past 30 years. This method yielded valuable
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insights into how pest pressure had changed with transition in agricultural
systems.

Step 4: Baseline Survey

With target audiences and crop priorities established by the PAs,
baseline surveys were conducted to provide more in-depth and quantitative
descriptions of local farmer characteristics, identify systemic relationships
that affect pests and pest management at the farm level, and determine
constraints to the adoption of IPM. In Mali, 171 farmers were surveyed. In
Uganda, with support of the USAID Africa Bureau through the Integrated
Pest Management Collaborative Network (ICN), 100 farmers were sur-
veyed.

The baseline survey documented three aspects of pest management at
both sites. First, in the minds of farmers and of scientists at the agricultural
research institutions in both countries, pesticides dominated the pest-
control agenda prior to the initiation of IPM CRSP activities. The PA and
baseline surveys indicated that farmers in both countries preferred to use
synthetic pesticides. In Uganda, 70% of the sampled farmers were already
using pesticides either in the field or in post-harvest. Again in Uganda, 76
percent of the farmers growing cowpea, and 42 percent of the farmers
growing groundnuts, reported using insecticides and all farmers growing
tomatoes reported spraying their crop as many as 14 times per season. In
Mali, despite governmental reductions in price subsidies for pesticides, 60
percent of the farmers at one research site were using pesticides on millet. A
recent survey of green bean growers in Mali indicated that all surveyed
growers were using pesticides. At both sites, pesticide use is associated more
with cash-crop production; especially export crop production such as green
bean production in the peri-urban areas surrounding Bamako.

Second, farmers at both sites were generally unfamiliar with other
means to control pests, such as cultural and biological practices or the use of
new resistant varieties. Knowledge of beneficial arthropods, except for
spiders, was extremely limited. Research work and extension recommenda-
tions of pest management alternatives to pesticides were also limited when
the project began.

Finally, incomplete farmer knowledge of pests and diseases, particu-
larly of those that were less visible, suggested the need to introduce knowl-
edge-based or soft technologies such as field pest- and disease-identification
and monitoring programs in order to raise farmer knowledge of pests and
diseases and involve them in the research process. Farmers in Mali lacked
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specific terms to differentiate different types of larvae, and used one term
for all larvae. In Uganda, farmers were unaware of less visible insects such as
the bean fly and thrips, and that insects (aphids) could vector diseases
(groundnut rosette virus).

Box 3—Factors that may affect adoption of IPM: Farmers at
both sites perceive labor and pests (insects, diseases, and weeds) as
the two most important constraints on agricultural production. In
Uganda, this perception is validated by farmers’ demonstrated
willingness to hire labor and to purchase pesticides and in Mali by
the correlation between perceptions of wealth and access to animal
traction. The implication for IPM is that pest-management
technologies that result in increased labor demand may be resisted,
and that technologies that demonstrate pest resistance or control
without increasing the demand for labor may be rapidly adopted.
This same phenomenon would also explain the attraction of
synthetic pesticides: they are easy to use, reduce labor inputs, and
have a visible impact on yield (Among the Teso in Uganda, the
word for fertilizer and pesticides is the same).

Step 5: Follow-up pest-surveillance and monitoring programs
Knowledge of the biology of pests and diseases is vital to making
informed pest-management decisions and is one of the underlying tenets of

strategic IPM.

At both sites, the PA and the baseline surveys suggested that follow-on
programs of pest surveillance and monitoring were needed to quantify the
incidence and importance of pests and diseases noted by famers; to help
farmers identify less obvious crop pests and diseases and understand indirect
mechanisms of damage; and to introduce basic IPM principles and tech-
niques of field scouting. In Mali, four field agents were trained to install
and monitor light traps with farmers, as well as use pitfall traps and conduct
periodic sweep-nettings to monitor insect populations. In Uganda, a farmer-
implemented crop-pest monitoring system was deployed where crop-
protection extension agents collaborated with an NGO field coordinator
who then worked with five contact farmers to sample fields, record species
and infestation levels, and document losses.

In both Mali and Uganda, pest- and disease-monitoring activities
yielded important information. For example in Mali, monitoring activities
documented fluctuations of pest infestations. Blister beetle infestations, an
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Figure 4-2.
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important priority during the 1994 PA, were lower than that of a new
species of Scarab beetle, Rhinyptia infuscata, detected during the 1995 field
trials. In Uganda, monitoring activities altered farmer perceptions of pest
priorities and identified new pests and disease species. During the PA
farmers ranked the mole rat and monkeys as very important pests on maize,
beans, and groundnuts. Subsequent field-monitoring activities provided
evidence that these vertebrate pests were not nearly as important as farmers
had perceived. The bean fly (Ophiomyia sp.), formerly unknown to farmers,
was identified as the most important yield-reducing pest on beans. A survey
of maize pests and diseases indicated that gray leaf spot (Cercospora zeae-
maydis) was a seasonally important foliar disease and that termites
(Macrotermes) were causing significant stand losses. Continuation of field-
monitoring activities has identified other pests and diseases, including the
first identification of a relatively recent arrival of a significant new pest on
groundnuts, the groundnut leafminer (Aproarema modicella Deventer), and
the periodic appearance of yellow blister disease, Synchytrium dolichi
(Cooke), on cowpea. More recently in Uganda, thrips (Thrips palmi Karny,
Frankliniella schultzie Trybom, Scirtothrips dorsalis Hood) were determined
by scientists to be important new pests on cowpea and groundnuts.

Other benefits of crop monitoring activities included having a few
farmers learn to “scout” fields, identify pests and beneficial insects, recog-
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nize the seasonal importance of various pests, and implement decision- -
making processes such as sampling and pest thresholds. Additionally,
integrating farmers into the research process empowered them by including
them as decision makers and knowledge producers. In Mali, after seeing
how light traps attracted insects when used as a monitoring tool, farmers
proposed testing these traps as a control tool. A trial in which pest insect
populations were monitored at increasing increments of distance from the
trap supported their observation quantitatively. In Uganda, one farmer,
having observed that increased plant population was effective in repelling
aphids on groundnut, proposed the same treatment for cowpea, with
equally observable results. At both sites, farmers having observed initial
IPM CRSP post-harvest trials began experimenting with different locally
available materials.

From a research managemcnt' perspective, integrating farmers into the
research process also proved to be efficient. It not only reduced the logistical
costs of scientists in the field, but also enabled more sites to be covered. In
Mali, semi-arid research sites were 5-7 hours from where scientists were
based. Having farmers work with field agents was the only way research
could be effectively conducted under such conditions. Moreover, in most
cases, farmers viewed research as a new opportunity, not as an added burden
transferred to them. As one farmer in Uganda stated, “It [pest identification
and monitoring] helps me enjoy my farming.” In Mali, farmers considered
having an on-farm trial to be an honor, a recognition of their capabilities as
a farmer and their leadership position in the village. Farmers have competed
for trials, and nearby villages have asked to be included.

These five activities occurred during the first three years of project
activities in Mali and Uganda. Pest and disease priorities combined with
farmer pest-management knowledge (or lack of knowledge) determined and
oriented the research agenda at both sites. IPM is knowledge- and manage-
ment-intensive and, for farmers at relatively low levels of agricultural
development, knowledge of pests and diseases and alternatives to pesticides
cannot be assumed. Thus, knowledge enhancement and sharing between
farmers and scientists became a consistent underlying theme of future
activities.

Step B: Process for Designing and Testing IPM Technology

The process of designing and testing IPM technologies began with the
participatory method of triangulating knowledge from the PA, baseline
survey, and ﬁéld—pcst-monitoring activities to define, confirm, and refine
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crop, insect, disease, weed, and other pest priorities. These farmer-demand-
driven priorities determined the scope of the research agenda. The next step
in the PIPM process was to address site-specific priorities by developing,
testing, or validating alternative insect-, disease-, and weed-management
practices. Component practices suggested by farmers, scientists, and exten-
sion agents included pest monitoring and field scouting, development of
economic thresholds, cultural practices, host plant resistance, biological
control, and reduced, timely, and more effective applications of pesticides
based on pest populations. These practices were then assembled and inte-
grated into protocols for on-farm testing. ,

In Mali, where Striga on both sorghum and millet was ranked as a
high priority, a set of trials was implemented to test various on-the-shelf
technologies. For sorghum, four Striga-resistant varieties from IITA were
tested in the field. For millet, a series of treatments was introduced includ-
ing a Striga-resistant cowpea variety planted in alternated rows with farmers’
millet variety, fertilization, and late weeding. The objective was to test for
synergy of practices, as well as determine the best sequence of combinations.
Farmer ranking of yield improvement and labor needs in a participatory
evaluation of the trial matched the results of researchers’ statistical analysis
of plot yields, and led to farmer-researcher convergence on the best combi-
nation under farmer conditions. In 1999, an innovative approach to control
Striga parasitism was begun using a herbicide 2,4-DB application to sor-
ghum seed. First-season results demonstrated that this approach reduced the
number and dry weight of Striga plants attacking sorghum by over 50
percent.

The Mali site concept of integrated treatments was replicated in
Uganda for developing a Striga management strategy for sorghum. The trial
components consisted of using a Striga-tolerant variety, fertilizer, and an
indigenous plant suggested by farmers and known locally as Striga chaser
(Celosia argentia). A laboratory investigation revealed that C. argentia
induces suicidal germination and illustrated how scientific investigations in
the laboratory can document farmer knowledge.

During the PA in Uganda, farmers indicated that Striga was less of a
problem when cotton was used as a rotational crop. Thus a longer-term
rotational trial was introduced to evaluate the effectiveness of rotating
sorghum with trap crops — cotton and cowpea — to manage Striga. In
Mali, maize and sorghum have been recommended to follow cotton in a
three-year rotation to take advantage of residual effects of phosphate fertili-
zation of cotton. While this recommendation was made with fertility
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management objectives, the Uganda results suggest that there may also be
benefits for Striga management that have not been previously recognized.
Results in one Africa site may thus validate practices in the other site.

This same approach, of testing and combining component technolo-
gies suggested by farmers and scientists, was also used for beans, ground-
nuts, and cowpea in Uganda. The treatments for bean fly consisted of an
insecticidal seed dressing and the farmer practice of earthing-up around the
stem. The most important problem on groundnuts, as perceived by farmers
and verified by field-monitoring efforts, was groundnut rosette virus disease
(RVD) that is vectored by the groundnut aphid (Aphis craccivora Koch). In
Iganga district, farmers have reduced their groundnut production because of
the severity of RVD. Early assessments of farmers’ knowledge indicated that
they were generally unaware of the role played by aphids in vectoring the
disease. One of the component treatments tested was to increase plant
population density. Higher plant density increases the inter-plant humidity
and helps ward off aphid infestations. Other components consisted of early
planting of groundnuts to avoid build-up of aphid populations; testing the
newly developed RVD-resistant variety, Igola-1; and developing a reduced
spray program consisting of 2-3 sprays beginning at 10 days after emergence
and again at flowering.

The PA and survey activities repeatedly established that the most likely
field crop in Eastern Uganda to be sprayed with chemical pesticides was
cowpea. Cowpea has emerged as an important cash crop in this region with
a lucrative export market in nearby Kenya. Over 70 percent of farmers
growing cowpea apply pesticides; some farmers spray as often as 8 times per
season. The major insect pests are pod-sucking bugs (Riprortus spp., Nezara
viridula, Acanthomia spp., and Anoplocnemis sp.), Maruca sp., blister beetle
(Mylabris spp.), aphid (Aphis fabae), and flower thrips (Megalurothrips
sjostedti). The most important disease has been found to be cowpea mosaic
virus (Sphaceloma sp.), although yellow blister disease (Synchytrium dolichi
Cooke) is periodically devastating. Another constraint contributing to insect
and disease problems is a lack of improved cowpea germplasm.

In response to these constraints, IPM CRSP plant pathologists are
screening new germplasm provided by IITA for resistance to major cowpea
diseases. Multiple-year on-farm testing has succeeded in assembling two
IPM packages for cowpea that integrate well-timed insecticide spray appli-
cations (once each at budding, flowering, and podding) with cultural
practices including early planting, manipulated plant densities, and/or
cowpea/sorghum intercrop. These packages have been found to be effective
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in reducing insect pests on cowpea and increasing grain yield by over 90
percent.

Although most farmers were initially unaware of thrips, continuing
field-pest-monitoring activities have determined them to be an important
insect pest of cowpea. The relationship between thrip population density
and cowpea grain yield loss has been found to be roughly linear and nega-
tive, and the economic injury level (EIL) for thrips (Megalurothrips sjostedts)
has been established at 12 thrips per flower.

Green bean production in Mali is for export, and peri-urban producers
were found using pesticides up to 4-5 times per growing season. The most
important pests for green beans were determined to be thrips, whitefly
(Bemisia tabaci), pod borers, and soil-borne diseases. An integrated package
of technologies for green beans has been developed; it consists of neem
applied twice at critical stages, use of yellow and blue traps, and soap
applied when necessary as indicated by scouting.

Step 7: Participatory Technology Assessment

Another component of the process for designing and testing IPM
technologies was to have farmers evaluate or assess trial technologies follow-
ing on-farm trial implementation.

A participatory assessment of on-farm integrated-pest-management
trials was conducted at research sites in Mali in 1996. Farmers found
integrated Striga management and Striga-resistant sorghum varieties as
being moderately effective in controlling Striga. For Striga management,
farmers ranked their own practices lowest in yield but also lowest in labor
requirements; conversely, they considered the combination of all Striga
management practices together to be the most productive but also the most
labor-demanding. Fertilization was seen as being less labor demanding and
more effective in contributing to yield, as compared to late weeding. This
latter finding was supported by agronomic results and led to modifications
in trial treatments for the following two years. Late weeding was dropped
from the combinations tested, while alternative intercropping arrangements
of millet and the Striga-resistant cowpea were introduced to find the best
combination that met the three farmer criteria of maintaining grain yield,
avoiding excessive labor increase, and controlling Striga. Thus, farmer
participation resulted in more relevant research.

In Uganda, farmer assessment of technologies was pursued using two
mechanisms. First, an evaluation of IPM technologies was conducted with
farmers participating in the on-farm trials. Second, a farmer field-day was

63


John M
Rectangle


ERrRBAUGH, CALDWELL, KYAMANYWA, GAMBY, AND MOORE

hosted at research sites where farmers presented the various trial treatments,
followed by group meetings to discuss the trials. The farmer field-days were
considered more successful because they reached a wider audience and
empowered local farmers. The group discussions also proved invaluable in
altering some trial treatments.

In each of the IPM programs, basic data were collected by the biologi-
cal scientists for every experiment so that partial budgeting could be com-
pleted to assess economic profitability. In many cases the IPM strategy that
gave the highest yield did not result in the highest profits for reasons such as
labor costs or seed costs. Therefore interaction among biological scientists
and social scientists, including economists who helped design the instruc-
tions for data collection and for calculation of benefits, was important for
developing recommendations for farmers.

The Role of Women in Pest Management

and Implications for IPM

In recognition of women’s critical contribution to agricultural produc-
tion and food security in sub-Saharan Africa, it was important that special
efforts be made to include women in each step of the participatory IPM
research process. For example, during the PAs, different strategies were used
at the research sites to ensure women’s participation. In Mali, during initial
legitimization meetings with village chiefs, requests were ‘made to meet and
conduct PAs with women. In all but one case, this request was granted.
However, in one village the request was refused and another research site
was selected. This particular village consisted of immigrant farmers with a
division of male and female labor roles different from the dominant ethnic
group, where women’s roles in agricultural production are higher. This
refusal to include women shows the importance of understanding interac-
tions between cultural norms and agriculture. In Uganda, an NGO farmers’
association with exclusive female membership was selected for collaboration,
and women made up at least half of the attendees at other PA meetings. At
both sites, an equal number of women were selected for extension and
surveying activities. In Mali, the lead host-country scientist is a woman, as
are two of three collaborating plant pathologists and the collaborating
agronomist. Half of all on-farm research trials in Uganda were conducted
with women.

Women play an important role in pest management decision-making
in both countries, particularly for crops grown primarily as food rather than
as cash crops. As an example, women at one research site in Uganda noted
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that cowpea used to be a woman’s crop and sorghum was a man’s crop.
However, cowpea has become an important cash crop and is now considered
a man’s crop, and sorghum, whose value as a cash crop has declined, is now
considered to be a woman’s crop. Farmers at both sites, both male and
female, perceive that labor and pests are the two most important constraints
on agricultural production. Although division of agricultural labor by
gender is a complex phenomenon in Africa, women’s labor contribution to
weeding at both sites is paramount. Thus, IPM practices that can reduce
weed pressure would appear to directly benefit women. Men also appear to
have greater access to land and production-enhancing inputs including
fertilizers and pesticides. At research sites in Mali, significantly more ma-
nure and pesticides were reported being used on men’s individual fields than
on women’s fields. In Uganda, baseline data indicate that men are more
likely to be purchasing and applying pesticides; however, women were as
likely as men to have pesticides used on their fields, but the women them-
selves were not applying the pesticides. Correspondingly, women were more
aware of the hazards or the potential for negative impacts on human health
from pesticide use, perhaps explaining why men are more likely to be
applying the pesticides.

An assessment of project impacts in Uganda indicates that female
participation (number and frequency of female participants) has been
higher than male participation, perhaps because of the project’s targeting of
women, a greater concern by women for improving their agricultural
production, or both. At both the Mali and Uganda sites, it is expected that
in the future, as women through agricultural production participate more in
the commercial economy, their use of synthetic pesticides will increase
unless an alternative strategic approach guides the development of IPM
technologies. Thus there is a continuing need to ensure the participation of
women in the design and management of on-farm trials to aid their contri-
bution to household food security.

Materials Development and Technology Transfer

The participatory approach has contributed significantly to technology
development, but it needs to be complemented by traditional extension
techniques for disseminating new IPM technologies to a broader audience.
Participatory research activities are limited to small groups of farmers,
because of the intensity of research and the demands of maintaining consis-
tent and continuous contact with them. Research quality can only be
maintained within project budgetary parameters on a carefully targeted but

65


John M
Rectangle


ERrBAUGH, CALDWELL, KYAMANYWA, GAMBY, AND MOORE

relatively small scale. A second reason is that participatory programs are
more demanding than conventional on-station approaches.

Both IPM CRSP sites in Africa have responded to this challenge by
developing materials such as fact sheets, by hosting farmer field-days, and
by implementing modified farmer IPM field-school programs. These
programs have exposed groups of farmers to IPM concepts, allowed them to
participate in the research process through the implementation of applied
research trials, and promoted the notion of farmers learning from farmers.
The Mali site has collaborated with FAO, the U.S. Peace Corps, and World
Vision, and the Uganda site has collaborated with a USAID-supported
project called the IDEA in the development of materials for distribution to
extension organizations and farmers. The Mali site’s intercropping associa-
tion of millet with Striga-resistant cowpea and the sorghum variety
Seguetanta has been extended to other zones in Mali by the Projet de
Developpement Rural (PDR). In Uganda the bean-seed treatment and
GRV-resistant variety are being disseminated to farmers by field contact
agents employed by the IDEA project, and IPM packages for cowpea and
groundnut through farmer field schools.

Figure 4-3. Women learning about IPM in Uganda.
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Conclusions

Many of the direct contributions of farmer participation to the IPM
CRSP research program have been mentioned. However, it is the process of
participation that has made the most important contribution to program
development. The participatory process has created the dynamic that comes
from the systematic interplay of scientific (formal) and farmer (informal)
knowledge systems. This dynamic has led to a creative synthesis of IPM
approaches, created new knowledge, built social capital, and permitted
adaptation to diverse and transitional agricultural systems found at research
sites in Mali and Eastern Uganda.

An important test of the PIPM approach is whether it leads to the
development of appropriate IPM technologies to meet the production needs
of small-scale farmers. Although it is our perception that the process has
worked — it has developed appropriate IPM strategies for small-scale
farmers — the final proof will be farmer adoption, if not adaptation, of
these strategies. We now have several studies attempting to assess realized
adoption and its determinants. Preliminary findings from these studies
appear to indicate that intensive exposure to IPM concepts and strategies
through training programs such as farmer-field schools maximizes chances
of adoption. Improved varieties may diffuse from farmer-to-farmer, but
adoption of multiple and truly integrated-pest management systems may
require more intensive training. This result appears to verify those who have
labeled IPM as conceptually complex. Additionally, conceptual complexity
complicates assessing adoption and the development of appropriate mea-
surement and assessment tools. Does enhanced farmer knowledge of natural
enemies, field scouting, or pest and disease identification constitute adop-
tion? Measuring impacts such as reduced use of pesticides is a more complex
task with farmers who do not keep records of pesticide purchases, rates, or
application frequency.

Certain aspects of the PIPM approach were less successful, and some
limitations emerged. Fostering inter-organizational collaboration, although
desirable, often founders on sharing costs and responsibilities because
organizations have differing guiding philosophies, goals, and objectives. Two
methods the IPM CRSP has found useful for fostering inter-organizational
collaboration have been germplasm exchanges and joint funding of graduate
students. Graduate student programs foster collaboration at two levels
funding and advising.

The participatory process is demanding and requires researchers to
consistently follow-up and follow-through with farmers to be successful.
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Over the course of the program, some difficulties were encountered in
consistently adhering to the participatory process. Many of these difficulties
were precipitated by the need to remain within budgetary parameters and to
produce rapid results. Budgetary limitations, particularly in the early days,
impeded our efforts to include or add new disciplines and to attract and
retain social scientists, specifically agricultural economists, and restricted
our capacity to maintain more consistent linkages between research scien-
tists and farmers at distant research sites. However, the identification of
dependable and field-savvy extension agents and graduate students helped
to minimize some of these logistical constraints.

Additionally, the push and pull between the need to publish research
findings and the need to have on-farm impacts may not always be compat-
ible. There may be some inconsistency between implementing a fully
participatory research program and the need to produce rapid research
results. In our rush to obtain replicable results, we missed some opportuni-
ties to return information to farmers. On-farm trial designs were often too
complex and plot sizes too small to be easily understood by farmers.
Droughts, el-Nino rains, lack of vehicles, and the range of on-farm issues
that can impede timely trial implementation and monitoring all conspired
at one time or another to interfere with data collection. A general lesson
learned was that potential short-term gains from attempts to modify or
attenuate the participatory process usually were not realized and resulted in
delaying the research process and the generation of on-farm impacts.

Finally, the demands of technology development and testing coupled
with full farmer participation initially limited efforts to diffuse and expand
the number of farmers reached by the program and may therefore suggest a
two-stage approach. The first stage would focus on technology development
and the second stage would focus on disseminating technologies to a
broader audience and adapting these technologies to site-specific locations.
Although the critique will be that this resembles the traditional system of
technology transfer, the key difference would be maintaining farmer partici-
pation throughout the process. It remains to be demonstrated whether
participatory technology generation and dissemination can be conducted
simultaneously and effectively and on a large scale unless abundant financial
resources are available (Quizon et al., 2001). Thus, a distinct technology-
dissemination component, albeit with farmer participation, may be required
to scale-up and reach a larger audience. Additional thoughts on this point
are presented in Chapters 8 and 9.
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Introduction

IPM programs have expanded in both central and South America over
the past ten years. The South-American program has been focused in the
Andean region, especially on potatoes and fruits, and has been led in part by
the IPM CRSP, the International Potato Center (CIP), and The Interna-
tional Center for Tropical Agriculture (CIAT) in conjunction with national
agricultural research systems (NARS). Central American IPM has focused
on non-traditional agricultural export crops, especially fruits and vegetables.
The IPM CRSP has centered its regional IPM programs in Ecuador and
Guatemala. In this chapter, we turn our attention first to the Ecuador
program and then to Guatemala.

South America IPM Program in Ecuador

Ecuador, like much of the Latin-American region, is distinguished by
its remarkable physical and ecological diversity. The varied topography of
the heavily mountainous country includes coastal plains, highly sloped
middle elevation tropical forests, high elevations with steep slopes, and
tropical rainforests with Amazon tributaries. Like its topography, Ecuador-
ian agriculture is characterized by diversity; crops and farming systems vary
even within well-defined agro-ecosystems, as do agricultural pests and
means of managing pests. As a result of this diversity, Ecuador is particularly
suited for the participatory IPM approach, as pest problems are localized
and solutions must be tailored to meet local needs.
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Ecuador is classified as a lower middle-income country with a PPP
GNP of $2,600 in 1999 (World Bank, 2001). The country relies on agricul-
ture for approximately 17% of its GDP, with close to the same percentage
derived from oil and natural gas, Ecuador’s chief exports. Major crops
include banana, flowers, sugar cane, rice, maize, plantain, and potatoes. The
latter two crops represent important food staples; potatoes are widely
consumed by lower and middle-income groups in the highlands and plan-
tains in the coastal regions. Plantains are increasingly being exported,
particularly to Colombia and Central America. Among agricultural exports,
bananas reign supreme, accounting for about 85% of the close to $1 billion
in agricultural exports in 2001. Plantains are the third most important
agricultural export, representing about $18 million in exports in 2001.
Plantain production and exports represent a significant source of agricul-
tural growth, particularly in the coastal regions of the country.

Potato production is widespread in the highlands of Ecuador, where
more than 44% of the country’s nearly 13 million people live. Plantains are
grown in areas along the coast and at mixed elevations throughout the
tropical regions of the country; FAO estimates that Ecuador has approxi-
mately 70,000 hectares of plantains. In coastal areas, plantains represent a
major food staple (Figure 5-1).

_Ecuador’s public agricultural research is principally conducted by the
Instituto Nacional Auténomo de Investigaciones Agropecuarias (INIAP), a
semi-autonomous agency that was formed to make agricultural research in
Ecuador more productive by introducing market-based incentives. INIAP’s
semi-autonomous structure is suited for project-based support because it is
flexible and responsive to client needs. These attributes also make it an
appropriate partner for participatory IPM. In the early 1990s, INIAP
underwent an administrative reorganization that positioned the institution
for participatory IPM work. Its Plant Protection Department adopted an
integrated approach to basic and applied research across regions, commodi-
ties, and disciplines. The Department had begun training scientists to
participate in a country-wide IPM network and had also undertaken a
comprehensive assessment of main pests and diseases of vegetables and
fruits. As of 1994, the institution was poised to begin intensive work on
IPM, but lacked funding and scientific expertise. The IPM CRSP was
invited to help fill the void. Although Ecuador was listed as a secondary site
in the original IPM CRSP proposal, funding for research in that country
began in 1997/98. ' '

! Approximately 60,000 hectares of potatoes are grown in Ecuador (FAO).
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Figure 5-1. Plantain renovation experiment.

Identifying and Prioritizing IPM Problems and Systems

IPM priorities in Ecuador were determined through a combination of
stakeholder meetings, participatory appraisals, an assessment of current
information about pests and pest-control measures, crop-pest monitoring,
an ex-ante analysis of potential impacts of IPM, and analysis of institutional
strengths. INIAP and U.S. scientists conducted a series of stakeholder
meetings attended by representatives from CIP, PROEXANT (a non-
traditional agricultural export assistance firm), CARE, USAID, the Ministry
of the Environment, and OIKOS (a local environmental NGO), among
other organizations. These meetings, in combination with participatory
appraisals, were used to identify serious pest problems in potato, fruit, and
plantain cultivation. In the case of potatoes, farmers in one of the main
potato-growing regions (Carchi, along the northern border with Colombia)
were concerned that pervasive pest problems were inducing over-applica-
tions of pesticides and causing reduced yields or storage losses, leading to
lower competitiveness of Carchi potatoes and adverse health effects. In
plantain regions around El Carmen, growers identified a dearth of pest-
related information and were reliant on recommendations from banana
exporters. Potatoes and plantain were logical crops for a PIPM focus, due to
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these problems, the economic importance of the two crops, and a varied -
institutional base on which to build. This base led the scientists to conclude
that IPM in potato and plantain had a high probability of having important
economic and institu