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CROP NEMATODE RESEARCH AND CONTROL
936-4149

Project Paper

I. Project Summary

A. Recommendation

S&T/AGR recommends that a $1.6 million cooperative agreement be
authorized to implement the Crop Nematode Research and Control Project.
The project will be implemented over a three-year period by a qualified
university.

B. Summary Description

1. Goal, Purpose and Beneficiaries

The goal of the project is to increase the supply of agriculturai
products by reducing losses caused by crop nematodes. The prevention of
these Tosses will benefit farmers initially, and the entire population in
zhe iong run.

ihe purpose of the project is to strengthen the regional, institutional
and ind1v1dua1 capability in crop protection and to help establish
efficacious pest management systems with emphasis on crop nematrdes.

2.  Background and Project Activities

The objectives of A.I.D.'s food and agricultural policy are to enable
developing countries to become self-reliant in food, assure food
security, and achieve economic growth. Increased food availability and
improved food consumption are related sub-objectives. One eiement in the
Agency strategy is the identification of productivity-constraints which
span major regions of the world. Pest management is identified in the
A.I.D. strategy as a possible common theme area. The best land is
already in production and cultivation of unsuitable lands results in
excessive erosion and depletion of natural resources. Therefore, one of
the best approaches to increasing crop yields is to use land already in
production and reduce crop losses. The significance of the latter comes
into focus when it is recognized that pests cause approximately 30% crop
losses when not properly controlled. Nematodes are one of the more
serious 3Jroups of crop pests causing average orop lossas axcaading 3%.
Localized losses are much higher ana developing countries are bearing the
brunt of the burden.



Most farmers in these countries do not even recognize the cause of their
crop losses from nematodes. Since there is little knowledge and few
organized programs for crop protection, most farmers simply tolerate

these pests and rely on natural forces to control them. An enormous
potential exists for improving this situation. Extensive technology for
reducing crop losses by nematoces is available which could be adapted for
use in developing countries. Research and field trials are needed to
address local problems and to supplement the available information.

The science of nematology has been introduced only recently in many parts
of the developing world. A.I.D.'s Pest Management Root-Knot Nematode
Project, through cooperative efforts with ap international network of
nematologists, has encouraged research in this field. Many newly trained
nematologists are now initiating research programs within their
respective countries. Unfortunately, in spite of recent progress,
research efforts in developing countries often lack depth due to the
overwhelming nature of the problem, poor facilities, and Tlack of
experienced nematologists.

This project is designed to provide a focus for the current nematode
research being carried out in LDCs and to expand ard improve the research
efforts. The S&T funded portion of the project will finance most of the
dollar costs of the project thru a Cooperative Agreement (C.A.) with a
Y.S. university, Inder this C.A. the university will develon or
strengthen linkages among LDC institutions engaged in nematode research
and orovide *“echnical support for selected new LDC research programs in
three or four geographic regions.

In addition to the support provided through the C.A., we anticipate that
local currency costs for expanded research programs in the LDC
institutions will be supported through several mechanisms. The six
participating International Agricultural Research Centers will provide
facilities, personnel and services for their related programs. The
participating host country institutions will also provide facilities,
personnel, and services but in some cases they may need extra budgetary
support to develop or strengthen their nematode research. This is where
LDC governments and A.I.D. Missions can contribute to the project. Since
the needed budget support will be largely local currency, we anticipate
that A.I.D. Missions may contribute counterpart funds from PL 480 or CIP
accounts or may build support for the participating local research
institution into bilateral agricultural projects. The U.S. university,
under the C.A., will work with interested LDC research organizations to
help them identify needs and prepare application for support, but we
anticipate that mission or host government contributions will be made
directly to the LDC organization, not to the U.S. university.



An institution that coordinates and stimulates a global nematology
research program can provide a valuable service. The proposed project
has been designed to addrass the situation described above and will
encompass research, training and technology transfer. The design of
these components will be based on the experience of the successful
root-knot nematode project supported by A.I.D. at North Carolina State
University.

a. Research

The research will be conducted in collaboration with six of the
International Agriculture Research Centers as well as LDC institutions
and nematologists. Where possible, one of the objectives will be for the
institutions to develop the <capability to conduct research
independently. The research will include the following activities:

- Screening for resistant cultivars using the extensive live nematode
colTection assembled and maintained at North Carolina State University
against which to screen plant 1lines and cultivars of important crop
species for resistance to the major species and races of root-knot
nematodes.

- Identification of nematode problems involving important crops in
representative couniries Wili D€ <onduczea In  cooperation  wWiin
nematologists in the network. cmphasis will be placed on problems in
A.I.D. recipient countries but it can De anticipated that many prodblems
will not be so localized that only a single-country will be involved. If
nematode <ontrol recommendations are known they will be passed on to
agricultural and extension officials in the affected areas and the USAID
Missions will be apprised as to the nature, extent and potential economic
significance of the problem. If there are ongoing A.I.D. sponsored
agricultural research and/or production projects in the affected
countries assistance will be provided by the project, subject to mission
concurrence, in modifying or redirecting an appropriate portion of
project funding to conduct any needed in-countiry research, In other
cases attempts will be made to identify needed funding sources for local
nematode research network collaboration with the U.S. based nematode
project staff. In such cases the project will assist the collaborator in
the drafting of research plans and funding proposals for presentation to
appropriate donor agencies.




- Evaluation of control methods will be conducted in selected countries
in cooperation with LDC institutions and investigators.

- Crop loss assessments will be a part of the field trials to evaluate
control methods.

- Implementation and evaluation of management strategies on farmer plots
will be conducted utilizing the control methods that are most promising.
These will also be done in cooperation with the LDC scientists.

b. Training

The project will organize and sponsor in-country and/or regional
workshops as the need presents itself. In-depth short courses that
emphasize new nematode identification techniques, management strategies
sampling and survey methods, statistical analysis of data, and/or
computer operation will be offered at the grantee university.

Since many aspects of nematology will require intensive individual
training, project personnel. also expect to conduct one-on-one training
with selected research network collaborators. Funds for these scientists
to receive training in nematology are expected to derive from local
A.I.D. training budgets or as part of the training components of local
A.1.D0. funded agricultural research and/or production projscts. Also
other multilateral and bilateral donor programs have training funds
available which can be tapped. 7o the extent possible, the short course
training to be done in the U.S. will be widely publicized (at least nine
months in advance) so that potential participants and/or their sponsors
will have ample time to identify, request and obtain needed travel
monies. The training courses per-se will be offered free of charge. The
cooperator will attempt to obtain inexpensive on-campus room and board
accomodations so that the total cost per student can be minimized.

¢. Technology Transfer

The project will function as a resource center and information base. In
this capacity it will locate, maintain and provide pertinent scientific
literature to cooperators in developing countries. The project will
provide technical support and information on nematode problems to
missions upon request and linkage will be established with other A.I.D.
crop protection programs.

In addition to providing 1literature, the project will also offer other
kinds of technical assistance: e.g., advice on designing and equiping
nematology laboratories, introduction to new research techniques,
assistance in research project design and data storage and analysis.



It is recognized that the krowledge gained from research is not of
maximum value unless it reaches the farmer. Therefore, one of the final
products will be 1leaflets, pamphlets, etc. These will contain the
results of the research and other pertinent material that will provide
practical information for LDC specialists to use in preparing
extension-type bulletins geared toward the farm level.

C. Summary Financial Plan ($ 000)

FINANCIAL PLAN PROJECTED COSTS
(U.S. $ 000)

Proj. Element U.S. Univ. S&T/AGR Missions IARCs LDC's Total
FieTd Work- TCoop. Toop.
Trials shops Res. Res.

Personnel 467 15 70 80 632
. Consultants 45 45
Travel & Per Diem 920 5 440 25 25 585
Equip & Supplies 90 20 55 35 200
Office Space 30 30
Greenhouse Space 120 25 45 190
Utilities 40 40
Library 10 10
Computers 10 10
Office Equip. 6 5 5 16
Vehicles 15 15 15 45
Soil Analysis 6 6
Lab. Space 60 10 15 85
Maintenance 30 30
Other Direct Costs 80 40 35 20 175
Overhead/Fringe Ben. 353 353
Total 372 1,000 T20 480 240 240 2,452

D. Summary Findings

S&T/AGR has reviewed all aspects of the proposed Crop MNematode Research
and Development project and finds that it is technically,
institutionally, financially, socially and environmentally sound and
technical annexes for detail). S&T/AGR also finds that the project is
consistent with the objective set forth in the S&T and A.I.D. policy
guidance.



II.

During the developmeni stage of the project, representative missions were
contacted to determine their interest in the c¢rop nematode research and
control project The following missions and ROCAP indicated a dasire %o
participate in various phases of the project: Bangladesh, India,
Monrovia, Thailand, Cameroon, Guatamela, Bolivia, Jamaica, Senegal, Costa
Rica, Indonesia, Paraguay, the Philippines, Dominican Republic, Sri
Lanka, Kenya, Ecuador, Barbados and Peru. In addition, six of the
International Agriculture Research Centers (CIMMYT, ICRISAT, AVRDC, CIP,
IITA and CIAT) were advised of the project and all expressed a desire to
collaborate with it. Through informal contacts it has been deterined
that investigators in the following 16 countries are interested in
collaborating in the project: Costa Rica, Jamaica, Ecuador, Peru,
Brazil, 1Ivory Coast, Senegal, \Uganda, Kenya, Korea, Indonesia,
Bangladesh, Taiwan, Jordan, Morocco and India. Six of the potential
cooperators are already conducting research on crop-rotation schemes and
have published results in this area of crop management.

The project was reviewed with regional bureau representatives and the
suggested changes were incorporated into the final document. Based on
these consultations, S&T/AGR believes that all major issues have been
resoived and the project 1is an appropriate global iaitiative wnich
complements mission activities and should be approved.

Project Background and Rationale

Crop losses caused by pests are a major constraint to agricultural
production worldwide. These 1losses are especially serious 1in the
developing countries. Nematodes (wormlike invertebrates) are among the
most serious plant pests, with relatively little being known about them
in the LDCs. Root-knot nematodes (Meloidogyie spp.) are found worldwide
and cause major problems; with minimal training their damage 1is easily
recognized, In 1975, A.I.D. approved the Pest Management Root-knot
Nematode project (931-0614) with North Carolina State University (NCSU)
to conduct a global study of these pests. This project was scheduled for
termination in 1983, but the review in that year clearly indicated the
project had been very successful and for maximum value should be modified
to include other crop nematodes and extended for an additional period of

“time. Contacts made while developing the PID revealed there is strong

interest in the project by the missions, the IARCs and LDC scientists.
Information contained in the reports of the prior project, cables from
missions and IARCs in response to an S&T/AGR quary as to possible future
interest in cnllaboration with a nematode research network, personal
visits and the last project evaluation formed the technical basis for the
design of the project.
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Agricituice in Developing Countries

Despite the efforts of the U.S. Government and other national and
international agencies, the basic requirements for survival, i.e. food,
clothing and shelter, remain the paramount issues throughout the
developing countries of the world. Agriculture is the most important
segment of the economy in the LDCs, with more than half of the labor force
directly employed by agriculture and a significant portion of the
remainder employed by agricultural business (food processing plants,
textile plants, etc.). An objective examination of the economy in the
developing world reveals some disturbing trends in agricultural
production. With few exceptions the LDCs are deficient in the production
of basic foods and income from export crops has decreased. These changes
are due to a number of factors. Almost without exception the LDCs have
experienced rapid increases in population so even where there has been an
increase in agricultural production it has not kept pace with population
growth. Even when adequate volumes of food are available, the guality and
variety are such that nutritional problems often exist. Another problem
is the shift in population that has occurred with many persons migrating
to the urban areas hoping to improve their life, but becoming dependent
for food on the persons remaining on the farms. Many towns and cities
developed in areas with adequate fertile land to provide mest of the
agricultural products needed for the population. Often as the urban
population has increased, farm land has been lost to residences, roads,
factories, etc. As a result agricultural production is greatly reduced
yet the need is greated. The remaining land is more intensively farmed
and this in turn has led to an increase in frequency and severity of crop
pest problems, including nematodes. Yet another factor is the changes in
climate and changes in land character that has occurred. In addition,
millions of hectares of productive Tand have been 1lost to desert
encroachment, over-grazing of land and soil erosion.

Most of the farmers in the developing countries practice subsistence or
traditional agriculture, characterized by mixed cropping and Tlivestock
systems, local often unimproved crop varieties, little or no artifical
fertilizers, pesticides, or other similar inputs, and minimum tillage. A
significant portion of the small farmers are situated in climatic zones
that are less than optimal for good yields. A majority of the harvest is
consumed by the residents and domestic animals on the farm where produced.
The challenge facing the agricultural sector is to increase the yields and
earnings of small farmers who have limited access to capital and
technology. Since the best land is already in cultivation and expansion
into unsuitable Tlands results in excessive erosion and depletion of
natural resources, the best approach to increasing crop yields is to use
land already in production more efficiently and to reduce crop losses.
The significance of the latter comes into focus when it is recognized that
pests cause approximately 30% crop losses when not properly controlled.



Nematodes are one of the more serious groups of crop pests causing losses
as high as 80% where infestations are high, Infestations of nematodes
become high usually as a result of more intensified agricultural practices
coupled to an emphasis on monocultures. Since it s economically
impractical to eradicate nematodes it 1is necessary to "manage" their
population levels. This in turn can be accomplished by the use of
chemical nematicides, introducton of new and resistant plant varieties or
by introducing new crop rotational schemes which help maintain nematode
populations at economically acceptable levels.

Crop Nematode Management and Research Requirements

In most developing countries, 1ittle is known about crop losses due to
nematodes; frequently their damage 1is not even recognized. However,
sufficient information is available to state without reservation that they
are a serious agricultural problem and, if recognized, measures can be
taken to minimize their impact.

Surveys conducted by the NCSU Root-knot Nematode project have provided
excellent data on the crop losses due to this genus in a representative
sample of the developing countries. From this study it is obvious that
the damage by members of this genus are enormous. Worldwide, crop losses
due to root-knot nematodes average 5% for the susceptible crops, but
localized losses are much higher and developing countries are experiencing
the most serious damage. Developing countries suffer a disproportionate
share of crop losses due to nematodes mainly due to the fact that their
role in crop losses is poorly understood and measures to ameliorate their
negative impact are rarely taken. Several other genera are very
destructive crop pathogens, but are more geographically localized than
Meloidogyne (root-knot nematodes). For example, the cyst nematodes
Globodera and Heterodera are important pests of the potato, sugar beet,
soybean, and cereal crops, to name a few, and Radopholus species are
important on banana, pepper and other crops; Scutellonema cavenessi is
becoming an economically 1limiting pest of peanut; and Rhadinaphelenchus
cocophilus represents a serious threat to oil and coconut palms. Where
management strategies are known and utilized, total estimated crop losses
due to all nematode species average only 2 to 3.5%. In heavily infested
fields in developing countries where the problem is barely recognized,
losses from some nematode species may often be total.

The management strategies for reducing crop damage from nematodes include
planting resistant cultivars, crop rotation schemes, and the use of
nematicides. As a result of the NCSU Root-knot Nematode project, the
technology is available to identify and manage root-knot prcblems
rapidly. Much work remains to be done with other genera, however, so
survevs will be required %o delineate nroblems with nematodes such as
Globodera, Heterodera, Radopholus, Scutellonema, Rhadinaphelenchus and
others. It has been determined by NCSU that approximately 95% of the
damage by root-knot nematodes to agricultural crops is caused by four
species, Meloidogyne incognita, M. javanica, M. arenaria and M. hapla.
With this concept established, NCSU assembled and maintained an extensive
live root-knot nematode collection and used it to screen plant lines and
cultivars of important crop species for resistance to the major species
and races.




It has been determined by NCSU that approximately 957 of the damage by
root-knot nematodes to agricultural crops 1s caused by four specles,
Meloidogyne incognita, M. javanica, M. arenaria, and M. hapla. With this
concept established, NCSU assembled and maintained an extensive 1live
root~knot nematode collection and used it to screen plant lines and
cultivars of important crop species for resistance to the major species
and races.

In cooperation with its LDC nematode collaborator network the project will
conduct a worldwide survey for economically important new nematode
genera. A set of selection criteria will be developed prior to actual
undertaking of this worldwide survey which will provide reasonable
assurance that most major nematode problems will be identified in a
preliminary manner on most of the important cash and subsistence crops.
Items to be considered in setting up the survey criteria include:

--Nematode populations (qualitative and quantitative).

--Intensively cultivated land vs. long-term fallow land in same soil
zone and agroecological area.

-—Comparisoans of nematode populations relactad co selected crops in
areas of intensive monoculture vs. dreas where traditional rotational
praccices nave been observed,

——Priority screeaing of areas where crop producion is low but cannot be
explained on the basis of soil moisture, soll fertility or from other
crop pest problems,

A special effort will be made to collaborate with the various CRSP
programs and all ongoing A.I.D. country and regional agricultural
research/production projects. It 1s anticipated that substantial savings
in sample collection costs can be made by such collaborative efforts.
Collaborative relationships have been established with the International
Agriculture Research Centers (IARCs) for them to send plant material to
Raleigh, N.C., for screening. To date several thousand cultivars have
been screened for resistance but even more remaln to be processed. The
following IARCs have been actively participating in this activity and have
indicated interest in continuing: CIMMYT, ICRISAT, AVRDC, CIP, IITA and
CIAT. Germplasm from all of the above centers will continue to be sent to
the U.S. cooperator and their individual resistance to specified levels of
the four major species of Meloidogyne will be measured. As appropriate,
live collactions of other nematode genera will be established at the U.,S.
facility and will be included in the resistance screening efifort,
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Since developing countries often do not have adequate facilities and/or
sufficient current scientific information to facilitate the identification
of all nematode species and races, the provision of a nematode
identification and advisory service will be useful until permanent
services can become established throughout these countries. In the interim
the project will send a team of investigators to assess specific nematode
problems as a technical assistance effort. Species will be identified,
extent of damage estimated, and management options recommended in
accordance with the types of crops locally grown and the resources
available for the region in question. This technical assistance will
always be coordinated with the respective missions and will be restricted
to A.I.D. recipient countries.

In addition to evaluation of nematode problems in LDCs, the project will
conduct research on various nematode management options. Investigations
into the effectiveness of chemical and biological controls as affected by
methods, rate, and time of application will be conducted within selected
LDCs. Also cultural practices, including crop rotation, destruction of
crop refuse, and production of clean planting stock will be emphasized
since these kinds of measures are particularly well suited for use in
developing countries.

The project will work with the private sector in the various countries in
selecting and obtaining pesticides for evaluation. Cropping systems
research will be conducted to establish optimal management schemes for the
reduction of losses due to plant-parasitic nematodes. Particular
attention needs to be given to methods which have low resource demands,
and long term benefits, for deployment in developing countries. Crop
rotation has proven to be an effective management strategy in controlling
losses due to plant-parasitic nematodes, and 1is suitable to the
constraints of LDC's., Other tactics, such as biological control methods,
may also prove to be effective low-input long-term management options.

An extensive network of scientists engaging in nematological research has
become established over the past nine years. Over 100 scientists from
more than 60 countries have collaborated on nematode surveys and research
problems. Due to this network, rapid strides have been made in
understanding the ecological factors affecting Meloidogyne distribution.
Scientists in this network also reseaech other plant-parasitic nematodes,
and could benefit greatly by increased collaboration. An expanded network
is proposed in which scientists share their findings by means of a
periodic newsletter and at special workshops.
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Table 1

Examples of current ongoing nematode research activity in LDC's with which
the existing project has strong ties and which can serve as a basis for a
Nematode Research Network are as follows:

Country* Professional Technician Institutional Facilities
m/y of ongoing m/y effort includes: greenhouse,
field tests, equipment and
travel costs

$ 000
Ecuador .3 .15 1
Nigeria 2.0 3.0 9
Egypt .65 .3 36
Malawi 1.5 1.5 29
Philippines .2 2.7 37
Sri Lanka .5 1.35 16
Korea .8 .5 18
Thailand 45 .5 4
Jordan .4 .3 12
Morocco 1.75 1.0 11
India 4 - 5

*Does not include IARCs.

As basic information on nematode biology and crop protection is produced,
emphasis will gradually shift to the evaluation under field conditions of
various combinations of locally available pest management options. The
project will not actually conduct any of this research at the U.S.
university, but will guide and advise such research within selected
countries where there is an interest. Integrated crop protection systems
will include combinations of resistant cultivars, crop rotations,
nematicides, biological control agents, and sanitary and cultural
practices. fare will be taken to ensure that nematode species, population
densities and crop yields are accurately moriitored in field trials under
the various combinations of management strategies.

One of the greatest obstacles to effective nematode management 1in
developing countries 1is the lack of trained personnel and adequate
facilities. Refresher training for developing country scientists is
important since most of the technical information acquired during advanced
education becomes obsolete within four to seven years after graduation.
By this means current technology is rapidly extended; e.g. knowledge of
speration of nematode axtraction equioment and survey techniques,
taxonomic techniques for accurate species identification, experimental
design of nemoticide tests and crop rotation experiments, and data
analysis, to name a few.
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Rationale for Global Project

Nematodes, particularly root-knot nematodes, are a serious problem
throughout the tropical and subtropical regions of the world. Very little
research was devoted to nematodes in the LDC's until the start of A.I.D.'s
Pest Management Root-Knot Nematode project with NCSU, Consequently, the
potential for reducing losses from this pest are comparatively high
provided a critical mass of knowledge, human resources and institutional
capability are developed the lack of intensive, collaborative studies on
nematodes of more local and regional importance is a void that needs to be
filled. Since LDCs largely occupy tropical climates with many unique crops
and pest-nematode species, these problems have not been studied
extensively in developed-country universities. As a result of this kind of
research, land once thought to be depleted and nonproductive can become
more fruitful with effective nematode control.

Lack of communication among plant protection pzrsonnel has delayed the
exchange of information and implementation of crop protection programs
especially in the developing countries. All too often nematode problems
have been ignored by crop protection researchers and agronomists. This
has led to a disproportionate emphasis on other aspects c¢f crop protection
and a false impression that all economically feasible crop protection
interver+inns had been made, when indeed that had not. NCSU has developed
a glooal network of nematologists who are now exchanging technical
information. It is fmportant that this network be maintained and expanded
and placed on a permanent footing.

A global approach to nematode research will also take advantage of the
following factors:

-- No one of the developing countries has sufficient nematologists to
conduct. research on all the nematode problems of his country. As there
are many problems that are common to the countries, different nematode
problems can be addressed in different countries and the results of the
research exchanged. Pests do not recognize national boundaries.
Because of the regional commonality of many nematode problems and
cropping systems, different problems can be addressed in different
countries and the results of the research exchanged. In addition, a
global, nematode-oriented project can introduce stability and
continuity into national programs, since the benefits derived from any
one national program will be greatly magnified by the inter-country
transfer and exchange of information, technology and technical
expertise.

-- Global and regional cooperation, properly focused, can direct the
needed attention and expertise on problems that are widespread and can
assure that priority items receive their share of emphasis. As a
result, limited research resources will not be dissipated by too much
effort being expended on relatively unimportant Tocal problems.
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Advantages of U.S. University Cooperation

This project will be housed at a U.S. university that can serve as a
nematology information base and resource center. The selected university
must have a department with a broad, well-established nematology program
and extensive international experience. The university selected should
have the following qualifications.

A department with a long history of research on nematodes.

A nematology staff that can cover a wide spectrum of related subtopics,
e.g. morphology, genetics, biochemistry, taxonomy, nematode-disease
interactions, ecology, and control strategies.

A department with a record of successful international programs and
working relationships with a number of International Agriculture
Research Centers.

An extensive, 1live root-knot nematode collection to screen for
resistant crop germplasm.

An extensive 1iterature base on nematodes.

Access to a sizeable library and interlibrary loan services to augment
the project information base.

A scanning electron microscope to use in identification and/or
conformation of unusual nematode species.

Adequate greenhouse facilities available for total dedication to the
project.

Relationship of Project and A.I.D. Policies and Priorities

1.

Relationship to A.I.D. Policies

The objective of A.I.D.'s food and agriculture policy are to enable
LDCs to become self-reliant in food, assure food security, and achieve
economic growth. Increased food availability and improved nutrition
are the related sub-objectives. One element in the Agency strategy is
the identification of productivity-constraints which span major regions
of the world. Institutions dealing with activities in the problem
areas will be encouraged to initiate and implement collaborative
networks. Pest management is identified in the A.I.D. strategy as a
nossible common theme area. Crop nematodes are one of the most serious
groups of crop pests causing losses as high as 80% where infestations
are high. In addition, they are widely distributed through the
developing countries so they are a common problem over wide geographic
areas.
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Relationship to A.I.D. Priorities

Crop protection, by the most cost-effective and environmentally
acceptable means, has been identified as one of the agriculture
research priority areas. Genetic resistance, biological control,
cultural practices including crop rotation, and judicious use of
chemicals are among the methods to be explored. Management of nematode
populations by means of varietal selection, modified cropping practices
and pesticide treatments must always be considered in the 1light of
overall pest management for the target crops of concern. Therefore,
any research which is done should be interpolated into the larger
integrated pest management system. To assume that this will happen,
the project will always coordinate it's research with other crop
protection specialists and agronomists working on the same crop and
with the same agroecological zones. Special efforts will be made to
coordinate nematode research activities with other S&T/AGR, regional
bureau and mission funded agricultural research/production/demonstration
projects. Of special importance is the close and frequent exchange of
ideas, information and philosophy with any S&T/AGR regional crop
protection networking activities and the two ongoing sister projects
underway at S&T/AGR, namely: a) the CICP Pest Management and Related
Environmental Protection Project, and b) the Oregon Statz University
International Plant Protection Center Weed Project.

Relationship to S&T Policies

In order to utilize personnel and resources more effectively, the S&T
policy is to identify constraints that are common to several countries
and to establish a common theme research network. Common theme
research networks involve several major components, 1i.e. coordinated
focusing of effort by several agencies on the common theme and an
A.I.D. ribbon project to provide linkage and coordination among the
agencies in the network and technical backstopping for the projects.
This project meets the criteria of this policy as it follows-up on an
international network of nematologists that s already well
established; it addresses as a common theme a group of pests, crop
nematodes, that cause major crop loss worldwide; and six IARCs, 11
missions, 16 LDC institutions in 16 countries have expressed interest
in cooperating with the project.

III. Project Description

Goal, Purpose, and Beneficiaries

The goal of the nroject is to increase the suoply of agricultural products
by reducing losses caused by crop nematodes. The immediate value will be
to improve the living standard of the farmers.
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The purpose of the project is to strengthen the regional, institutional
and individual capacity 1in crop protection and to help establish
efficacious pest management systems with emphasis on crop nematodes.

Due to its professional and institution-building character, the project
will have direct and indirect beneficiaries. The nematologists and plant
pathologists in the network and the institutions that cooperate in the
project will have an increased tachnical capability in nematology and crop
protection and the ability to deliver it at the national level. National
institutions and private sector businesses associated with agricultural
production will also benefit from the availability of an expanded pool of
expertise to call on, as well as from participation in the training
activities and field trials planned for the project.

Even more important than these direct benefits will be the long-term
indirect benefits of the project. The entire agricultural sector will
benefit from increased productivity and income as a result of reduced crop
losses. Also, the general welfare of the LDC populations will be improved
because of the increase in quantity and quality of food and other
agricultural commodities.

Location of Project Activities

The headquarters for the project will be a U.S. university with
demonstrated competence 1in conducting international research programs.
The university must have a College of Agriculture and a Department of
Plant Pathology with sufficient professional depth to support an
international program. The Department should have international
experience in crop nematology research and a staff of nematologists
qualified to conduct research and provide technical support in the
agriculturally important genera of nematodes.

The principal investigator should be an internationally recognized
nematologist with demonstrated ability to manage large, complex,
diversified research and training programs. He/she should have
demonstrated ability to organize, coordinate and motivate international
networks of scientists. The university will provide office, greenhouse
and laboratory space to conduct the research described in the project. In
addition, the grantee will have the capability to screen crop germplasm
for resistance to representative species and races of Meloidogyne, as well
as other genera which, based on a worldwide survey, are judged to be of
economic significance.

Six International Agriculture Research Centers (IARCs), CIMMYT, ICRISAT,
AVRDC, CIP, IITA, and CIAT have been actively participating in the
root-knot nematode project and have indicated a desire to continue
participation in the expanded project. A1l will select cultivars for
screening for resistance to root-knot nematodes and other genera of
nematodes found to be of dimportance to the production of one or more
crops. In addition, others will cooperate 1in conducting various crop
nematode management field trials as described in III, D, 2.
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In addition, 15 national institutions have indicated to the existing
nematode project an interest in active participation in a research
network. These are as follows:

COUNTRY PARTICIPATING INSTITUTION (S)
Jamaica Plant Protection Division
Ministry of Agriculture
Ecuador INIAP, Estacion Sta. Catalina
Brazil Instituto de Ciencias Bio.
Universidade de Brasilia
Ivory Coast ORSTROM-Adiopodoume
Uganda Kawanda Research Station
Kenya Ministry of Agriculture
National Agriculture Lab.
Korea Kyunpook Nat'l. University
Indonesia Segunung Research Station
Bangladesh Bangladesh Agr. Res. Inst.
Morocco Inst. of Agronomique et
Yeteranaire
India Univ. of Agr. Sciences
Panama Instituto de Investigacion
Agropecuaria de Panama
Jordan University of Jordan
Costa Rica Universidad de Costa Rica
Philippines University of Philippines

at Los Banos

An active cropping system research program involving the new nematode
project and selected researchers in seven LDCs will be mounted as soon as
possible after initation of the new project. These are:

Jordan - a root-knot nematode program involving at least one man-year
effort on tomatoes, peppers, cucumbers and egg plant in the
Jordan Valley. In addition, to crop rotation research,
chemical and biological control techniques will be
evaluated. This work will be done with the collaboration of
Dr. Walid Abu Gharbieth who is a nematologist at the
University of Jordan. The new nematode project will
actively assist Dr. Gharbieth in development of a project
proposal for mission funding. It is anticipated that local
currencies available within the A.I.D.-Funded Jordan Yalley
Agricultural Project can be used to fund this research
activity.
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Senegal - An ectoparasite nematode Suctellonema caveness is causing major

Costa Rica -

Columbia -

Peru -

India -

Philppines -

yeild decreases on peanuts. Yield increases up to 86% have been
shown on plots treated with nematicides. While it is unlikely
that chemical control of nematodes in West Africa will be
cost-effective, new crop rotation schemes are expected to yield
smaller but significant yield increases.

Dr. Larry Duncan of OSTROM is interested in a collaborative
effort involving at least one scientist-year. Funding for this
activity is reportedly available from USAID/Dakar if the
necessary research proposals can be prepared in a timely matter.

Ing. Luis A. Salazar of the Universidad de Costa Rica is
interested in a collaborative effort involving at least one
scientist-year of effort. Since Costa Rica has local currency
funds (PL-480) there should be no serious impedement to
developing the needed in-country funding.

CIAT has an active ongoing collaborative program with the
current nematode project. Bean varieties are screened in the
U.S. and basad on these tests plant breeders at CIAT are
developing new crosses showing increased nematode resistance.
This program can be expanded to include field trials wherein new
crop rotational schemes are evaluated.

The existing project conducts advanced screening on resistant
potatoe varieties so that the outresearch program of CIP can
"fine-tune" 1its outresearch distribution of potatoe varieties
based on existance or absence of specific root-knot nematode
species. This program collaboration can easily be expanded to
include at Tleast one man-year of collaborative research
including cropping systems management and testing of chemical
control measures.

A three way effort involving ICRISAT, the Peanut CRSP and the
new nematode project with funding provided by ICRISAY/CRSP can
easily be negotiated. This effort would involve at least one
man-year effort.

Mission funding will be requested for a jointly devised one-man
year effort.

The criterion for a truly joint “one on one" {nteraction will be
the willingness of LDC investigators to ‘“jointly" publish
research results. All five of the above specific efforts are
expected to result in such joint publications - 2aither in the
research networking newsletter to be published by the new
project or as a publication in a recognized scientific journal.



18

C. Project Components

1 Intreduction

Research, training and technology transfer have been selected as the major
components of the crop nematode research and control] project. The close
interaction of these three components make it possible for the project to
achieve a high degree of cost effectiveness by sharing many inputs among
the components.

The most important of these inputs will be a team of nematode specialists
and technical support personnel at a major U.S. university who will form
the core of the information and resource center on nematology. The team
will coordinate all project activities, carry out research, serve as
instructors for training activities and provide technical assistance. The
composition of the team should reflect each of the major research areas to
be covered by the nematode research and contro] project.

The basic team will include:

-~ A world-renowned nematode specialist who will serve as principal
investigator with the overall responsibility for coordinating
project implementation.

A nematologist who will coordinate, assist with planning guide &
help analyze cropping systems and biocontrol research for nematode
managment in each of the six major regions of the world.

]
H

-~ A nematologist to screen cultivars of major world food crops for
resistance to root-knot nematodes and to transfer this technology
gradually to developing country scientists.

A technology transfer specialist to make nematode management
information readily available for research and training purposes.

The basic nematology team will operate out of a major U.S. university and work
closely with selected LDC national institutes or universities, USAID missions,
and several IARC's. Cropping systems research will be carried out in
considerable detail in at least seven countries with the cooperation of an
in-country coordinator. These countries are listed in Section III B.

2. Research
a. Description

The aim of this project's research is to transform current
information about nematode biology into practical applications for
managment of these pests in the field. Methods particularly
appropriate for use 1in deveToping countries wil] be emphasized.
Such methods include the use of resistant cultivars, biocontrol with
emphasis on the fungus Paecilomyces lilacinus, and cropping systems
that effectively and economically reduce nematode populations in
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farmers' fields. Some work will be devoted to management of
nematode populations with nematicides, but because these chemicals
are often expensive, not readily available, and inconvenient to
apply, considerable discretion will be used in selection and use of
nematicides in developing countries. The potential environmental
impact of any new nematicide use will be evaluated in conjunction
with S&T/AGR and its Pest Management and Related Environmental
Protection Project. Their use will only be considered as part of an
overall integrated control program.

Research on the managment of nematodes will be strengthened by the
fact that much of the work will actually be conducted within
selected developing countries. Thus, specific management strategies
can be developed for each of the major geographical regions
represented by this study. Linkages with IARC's and the USAID
Missions that are willing to buy into the project will facilitate
these overseas endeavors. The following six IARC's have indicated a
desire to participate in the project: CIMMYT, Centro Internacional
de Mejoramiento de Maiz y Trigo in Mexico; CIP, Centro Internacional
de la Papa in Peru; CIAT, Centro Internacional de Agricultura
Tropical in Colombia; ICRISAT, International Crops Research
Institute for the Semi-Arid Tropics in India; IITA, International
Institute of Tropical Agriculture in Nigeria; and AVRDC, Asian
Vegetable Research and Development center in Taiwan. The two major
areas of research to be emphasized, screening of germplasm of major
food crops for resistance to nematodes, and cropping systems
research, are outlined below and the expected outputs appear in
Table 2.

Crop Nematode Research Network

The Crop Nematode Research and Control Project (CNRCP) will involve
intimate cooperation among the project-based university, A.I.D.
missions, IARCs, and LDC institutions in each of the three areas of
research emphasis. (Figure 1) In screening for resistance, the
project-based university will receive germplasm from IARCs, and once
evaluationr is complete, the material will be returned to the IARCs
and incorporated 1into ongoing breeding programs. Cultivars
developed from the nematode-resistant lines will be re-evaluated for
resistance either at the project-based university or at the IARC,
depending on the state of project development. Once IARC personnel
receive the range of nematode cultures and are instructed in the
screening process, all further screening will be conducted by the
IARCs themselves. As resistant cultivars are developed, they will
be made known to LDC institutions and A.I.D. missions through the
Network of Nematologists' MNewsletter, which is to be published by
the project-based university. Use of these cultivars will also be
encouraged as they are incorporated into the various management
studies conducted by the CNRCP in conjunction with A.I.D. missions.
Through these studies which will include on-farm testing, farmers
will be introduced to the new cultivars.
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Cropping systems research will also involve the entire CNRCP
network. As particular nematode problems come to the attention of
A.I.D. Missions, the missions will enlist the assistance of the
CNRCP resource center and information base. Project representatives
will then study the problem and strive to develop management
strategies in conjunction with pertinent LDC institutions or IARCs
and the affected growers.

The research network will be further linked together through the
process of technology transfer. A newsletter to be published
quarterly or bi-annually will bring all members of the network up to
date on the various aspects of progress in the LDCs toward nematode
management. The newsletter will be received by A.I.D. missions,
IARCS, and LDC institutions and help prevent unnecessary duplication
of research efforts. In addition, CNRCP scientists will work
closely with LDC institutions in guiding the development of native-
language, extension-type publications geared toward LDC farmers.
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1) Screening for Resistance

To date, the root-knot nematode project has screened accessions,
provided by selected IARC scientists, for resistance to all host
races of the four major species of Meloidogyne. This service was
the first of its kind in that large quantitites of crop germplasm
had never before been screened simultaneously against the major
Meloidogyne species and races infecting agricultural crops. This
work 1s proving extremely useful in the development of highly
resistant crop germplasm and will be continued by the crop
nematode research and control project for at least two years
after initiation of the project. During the third year, the
research technology for conducting this screening will be
transferred to interested JARC's and to some of the better
equipped nematology research centers within developing countries.

a) Objectives

-~ Identify germplasm of major crop plants that is resistant to
many or all eight of the common root-knot nematode species and
races.

-- Evaluate resistance of major crop plants to other nematode
genera as appropriate.

-- Establish populations of the eight common root-knot species
and races at selected IARC's (perhaps CIP, CIAT, CIMMYT,
ICRISAT, ITTA, AVRDC) and at other strategic nematology
centers in developing countries (selected institutions from
Table 1, depending on their interest, support, and technical
capability).
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Table 2. Summary of Research Components

1.

Screening crop germplasm for resistance

Identification of nematode
problems involving important
crops

Evaluation of cropping systems

-- 1500 accessions screened for
resistance to all eight major
species and races of Meloidogyne
-- 200 accessions screened for
resistance varieties to other
economically important nematodes
-- 100 of the most resistant
accessions tested in field trials
-- 8 IARC's and/or nematology
labs with the technical ability
to screen their own germplasm to
the 8 major species and races of

Meloidogyne

--Increased yield due to use of
appropriate management techniques
--Assessment of crop losses due
to specific nematodes

-~ 24 rotations tested in each
of 4 to 6 regions

-- 30 cooperators instructed in
experimental design and data
analysis

-- 10 biocontrol studies

-- Implementation of integrated
managment strategies on farmer's
plots
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Approach

The project will develop Memoranda of Agreement with the
previously mentioned IARC's for the screening of approximately
1500 crop Tines or varieties for resistance to the eight major
species and races of root-knot nematodes. The extensive live
nematode collection assembled and maintained at North Carolina
State University (NCSU) will be used in screening plant lines
and cultivars for resistance.

Transfer of the screening-for-resistance technology will be
accomplished by training at the project-based university.
Representatives from the interested institutions, preferably
ones who will be actively involved in the screening process,
will travel to the U.S. for hands-on instruction. Trainees
will probably need at least two to four weeks to become
exposed to all aspects of the screening process. In addition
to becoming skilled in screening, the trainees will be taught
how to maintain healthy nematode cultures indefinitely. This
skill is prerequisite to the establishment of independent
screening services. By the third year of the project, six to
eight new Taboratories with root-knot nematode screening
capabilities should be present in major geographical regions.

Identification and Assessment of Nematode Problems Involving
Important Crops

As a resource center and information base, the project will
lend its expertise to the accurate identification of nematodes
infecting major agricultural crops. Management strategies
will be furnished to deal with those infections that are
detected in early stages. However, in most cases, the crop is
likely to be fairly well established before the problem is
noticed. In such cases, recommendations for management will
be applicable only to subsequent crops. However, the infected
crops can furnish important crop loss data.

Objectives

-- Identify the most important nematode problems of
agricultural crops in developing countries.

-- Estimate crop losses due to specific plant-parasitic
nematodes.

-- Compare losses with those assessed by farmers.
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b) Approach

Through contacts with A.I.D. Missions, the project will work
intensively on the nematode problems of seven specific
geographic areas. A specialist will visit problem sites,
sample for nematode populations, identify or assist in
identification of pest species, and work with 1in-country
cooperators in designing effective management strategies for
future crops. Attempts will be made to address as many
different kinds of economically important nematode pests as
possible, especially Radopholus similis, Scutellonema,
Cavenessi, Globodera spp., Heterodera spp., Rhadinaphelenchus

cocophilus, and Meloidogyne spp.
3) Evaluation of Cropping Systems

a) Objectives

-- To determine the quantitative relationship between
plant-parasitic nematode population .levels. and crop yields
for important food crops in selected LDC's.

-- To determine the quantitative relationship of end-of-season
population densities to preplant nematode densities for
selected nematode-host combinations.

-- To determine economic constraints associated with various
cropping systems for management of nematode problems.

b) Approach

Efficient analysis of crop rotation schemes begins with an
avaluation of quantitative host-parasite relationships.
Host-parasite relationships will be quantified on important
food crops in representative countries. These
relationships will be used to model the relative efficacy
of Tlong-term crop rotations under different managment
schemes. Computer simulation of all possible rotation
sequences will allow the selection of optimal strategies,
for each country, under varying types of nematode-pest
pressure. Selected management strategies for various
nematode-hazard levels will be provided in native-language
pamphlets  through cooperators in each LDC. This
information will enable LDC growers to implement effective,
Tow-cost crop management strategies for a stable, long-term
reduction of TJlosses due to plant-parasitic nematodes.
Responsibility for various stages of the cropping systems
research will be divided among CNRCP staff and LDC
cooperators (Table 3).
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Table 3 Responsibilities for Implementation of Cropping Systems Research
CNRCP LDC

ACTIVITY STAFF COOPERATOR

1. Identify nematode problems X X

2. Select sites for research X

3. Establish plot X X

boundaries, initial
nematode assay

4, Plant crops on X
selected sites

5. Maintain research X
plots

6. Harvest, measure X
yield per plot '

7. Final nematode X X
assay

8. Analyze data, X

interpret results

9. Select optimum X X
systems for LDC's

10. Write pamphlets X X
describing cropping

11. Disseminate infor- X
mation to LDC growers
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Cooperative Research: Cropping systems research will be done
with the assistance of selected LDC cooperating scientists.
Sixteen potential cooperators have been identified, from
representative countries. These cooperators have expressed an
interest in conducting cropping systems research, as outlined
in this proposal. Seven of the potential cooperators ore
already conducting research on crop-rotation schemes, and have
published results in this area of crop management. (Table 4)
Potential cooperators are located at LDC research
institutions, and international research facilities.

LDC cooperators will be requested to identify important food
crops, and suitable cultivars of these crops, for each of
their regions. Nematode pests of these crops will be
identified from previous research, and where necessary,
surveys will be conducted. Selected <crops must be
economically important to the region, and culturally
acceptable to LDC growers. LDC cooperators will also be
requested to locate nematode-infested sites, suitable for
conducting the cropping systems research. Many of the
potential cooperators have already identified sites, through
previous studies.
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Table 4

Examples of current ongoing nematode research activity in LDC's with which the
existing project has strong ties and which can serve as a basis for a Nematode
Research Network are as follows:

Country® Professional Technician Institutional Facilities
m/y of ongoing m/y effort includes: greenhouse,
field tests, equipment and
travel costs

$ 000
Ecuador .3 .15 1
Nigeria 2.0 3.0 9
Egypt .65 .3 36
Malawi 1.5 1.5 29
Philippines .2 2.7 37
Sri Lanka .5 1.35 16
Korea .8 .5 18
Thailand .45 .5 4
Jordan 4 .3 12
Morocco 1.75 1.0 1N
India .4 - 5

*Does not include IARCs.
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As basic information on nematode biology and crop protection
is produced, emphasis will gradually shift to the evaluation
under field conditions of various combinations of Tlocally
available pest management options. The project will not
actually conduct any of this research at the U.S. university,
but will gquide and advise such research within selected
countries where there 1is an 1interest. Integrated crop
protection systems will include combinations of resistant
cultivars, crop rotations, nematicides, biological control
agents, and sanitary and cultural practices. Care will be
taken to ensure: that nematode species, population densities
and crop yields are accurately monitored in field trials
under the various combinations of management strategies.

Responsibility for maintaining the research plots, and
collecting data, will be with the LDC scientists. Each
cooperator will work with local growers and staff from the
sponsoring institute to implement the cropping systems
research. It is anticipated that support will be provided, in
one or more of the following ways: a) Use of PL 480 local
currencies, b) modification of regional and/or mission funded
agricultural research/production products, c) in-kind support
from IARCs and national institutions, and d) grants from other
donors. In many cases, the cropping systems research will be
an extension of work that is already on-going by the selected
cooperators. Crop Nematode Research and Control Project
(CNRCP) staff will provide advice, and detailed, uniform
research methods to be implemented in each region.
Duplication of effort will be avoided, and the uniformity of
research plans will allow for the application of systems
modeling techniques by CNRCP staff.

The final phase of cooperative effort will be in the transfer
of cropping systems information to 7local LDC growers.
pamphlets will be prepared in native languages, detailing
optimal crop rotation and management alternatives under
varying levels of nematode pressure. Cooperators will assist
in the preparation and dissemination of these pamphlets.

Data Collection: Cropping systems will be evaluated for
rotations of 4 to 6 economically dimportant crops, in each
region. Cooperators already studying crop rotations have
included an average of 8 crops in their work. Each crop will
be planted at 4 to 6 nematode-infested sites. The number of
crops at each site will depend on grower practices and the
size of the site. The area allotted for each crop will be
divided into 100 research plots, each measuring 24 m
(approx. 6-m by 4-rows).
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On-site research will be conducted with a minimum of
disruption to normal grower practices. The research plots
will be marked, but a grower or researcher need not be aware
of plot boundaries, while managing the crop. Initial nematode
densities (P;j), final nematode densities (Pf), and yield
(Y), will be measured in each plot. Assessment of Pj will
be done immediately before planting, when the plots are
marked, and Pf will be assessed at the end of the growing
season, when yield is measured. Additionally, the soil at
each site will be analyzed, and records kept on management
practices, irrigation, and fertilization. These variables
will be used as covariates in the analysis of quantitative
hcst-parasite relationships, to remove site-to-site
variation. Research designs may include the application of
specific managment tools, such as nematicides or biological
control methods, depending on the interests of the cooperator,
and economic viability of the application for the specific LDC.

Plots will be sampled prior to planting because crop yield is
typically a function of preplant nematode density (Fig. 2).
Likewise, final nematode density can be -expressed as a
function of preplant density, for each host crop (Fig. 3). As
an example system, a rotation of potato, tomato, and pepper
will be studied in Peru, with the cooperation of S. A,
Raymundo at the International 'Potato Center (CIP). Sites
heavily infested with Meloidogyne incognita have been selected
and are currently under study as part of an integrated pest
management project. Experimental test plots will be
established at  these  sites (Fig. 4) and  the
yield-loss-population curves will be derived for each of the
three crops. Other crops, such as maize or marigolds will be
included in the system as nonhost alternatives. It is
anticipated that each crop will have distinctive crop-loss and
reproductive rate curves (Fig. 4). Each site will be
maintained for at least three years. A varying number of
growing seasons will be included in these three years,
depending on the site location, climate, and existing cropping
systems. Potato, pepper, and tomato would be allocated to
sites randomly, in the first growing season. In the second
seasos, crops would be assigned to sites, so that specific
rotations could be studied. Sequences would include no
rotation, for each of the crops, as well as all possible two
season combinations. This process of assigning rotation
sequences in a logical pattern would continue over all growing
seasons in the three years.
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The  overall design may be complicated, but  the
grower/researcher responsible for each site would only have to
plant a specific crop, and manage it as usual. Only three
variables, Pj, Pf and yield, need to be assessed, and the
site 1s ready for the next crop. In this manner with CNRCP
staff coordination, all the data necessary to simulate
nematode-host relationships in long-term cropping systems can
be collected in each region. These data will be analyzed by
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Fig. 2. Typical quantitative relationship between crop yield, and preplant
nematode density (P7). Relationship will be estimated for selected crops by
regressing yield on preplant nematode densisty data from each plot.
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Fig. 3. Typical nematode reproductive curves. Maintenance level 1is described
as a reproductive rate at which the final nematode density is the same as the
preplant density. A good host is one on which the final density is greater
than the preplant density, whereas a poor host results in a decline of the
population. Reproductive curves will be estimated for selected crop-nematode
combinations by regressing final nematode counts on preplant counts from each
plot. It is anticipated that good hosts, poor hosts, and nonhost plants will
be included in the cropping systems.
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Fig. 4, Proposed cropping-systems-research plot plan for a
tomato-potato-pepper rotation plan in Peru. Approximately 0.25 hectares would
be required for each crop, with that area divided into 100 plots for the
assessment of nematode population levels and crop yields. Nematode population
density would be assessed at preplant and at harvest. Other than the
individual harvesting of each plot, standard grower practices could be
followed in this plan. The data would be used to derive the quantitative
relationships shown beneath the plot grids for each crop, including yield (Y)
versus initial population density (P1), and final population density (Pf)
versus Py, for a susceptible crop (tomato), a moderately resistant crop
(potato), and a resistant cultivar (pepper).
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CNRCP staff, and returned to the cooperators as optimized
cropping systems for various growing conditions and nematode
hazard levels.

Although the above example refers specifically to Meloidogyne,
similar studies can be designed for management of Rado golus
similis, Heterodera spp., Giobodera spp., Scutelionema
cavenessi, Rhadinaphelenchus cocophilus, and other nematodes
of more localized importance. The design for such experiments
will depend largely on the specific details of the problem:
whether the affected crop is annual or perennial, which crops
are available, and which cropping practices are 1locally
accepted. Because of the number of variables, the design for
such cropping system experiments will be developed for each
particular situation.

Data Analysis: Plant-parasitic nematodes have very clustered
spatial distributions, within fields. Where a site is divided
into relatively small, contiguous plots, there will be large
variations among the plots in nematode population densities.
Some plots will have very few nematodes, whereas others, which
are located on cluster centers, will have very large
population densities. The cropping systems research design
will take advantage of this clustered spatial distribution and
the fact -that crop losses due to plant-parasitic nematodes are
strongly related to initial population densities. The broad
range of densities among plots at each site will allow CNRCP
staff to quantify yield Tloss-P7 relationships, with
replication across sites and growing seasons. Where
necessary, multiple species yield-loss curves will be derived.

The quantitative relationship of Pg to P; will be
determined by regression techniques for each crop, with
replication across sites and growing seasons. Again, the
variation of population densities among plots at each site
will provide comprehensive information on how Pf will vary
as a function of Py, for each crop (Fig. 4). This
relationship is the key to 1link subsequent growing seasons
together in a simulation of cropping systems. Pf can be
calculated for a given crop and Py combination. P¢ from
the first season then becomes the P; value for the next
crop, and this process continues through an entire cropping
sequence. Quantitative crop-loss relationships will be used
to determine yield, and eventual crop value, for each Pj
along the sequence. The final step is to simulate
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rotation/managment sequences by "hooking together" all
possible combinations through the crop-loss functions and
reproductive-rate curves derived from experimental data (Fig.
5). In this manner, a computer can rapidly evaluate the net
results of thousands of different crop rotation alternatives
and select promising systems for further evaluation. Economic
contraints or cultural desirability will be incorporated into
the 1linear programming models to allow the selection of
practical alternatives for implementation by LDC growers.
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Fig. 5. After quantitative relationships have been derived for crop-nematode
combinations, cropping sequences can be simulated and optimized. An initial
nematode density (Pg) is selected, and used to predict a yield value (Yq)
and final nematode density (Py) for the first crop. The final nematode
density of the first crop (Py) is then used to predict a yield value (Yp)
and final density for the next crop. This process continues until a selected
cropping sequence is evaluated. Linear programming techniques will be used on
a computerized data base in evaluation of all possible cropping sequences
simultaneously and selection of the best. An additional economic constraint
will be included in the linear programming process as a function in the form;
ViY7 + VaYo2 + )V3Y3..., where "V" represents the relative value of
a given crop, and "Y" is the yield under the selected management sequence.
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c) Implementation

Research activities will begin as soon as contacts are
established with the appropriate organizations. Screening for
resistant varieties will begin after extension of the existing
Memoranda of Agreement with IARC's. Nematode surveys for
other species will begin immediately in cooperation with
network nematologists. Identification and management services
will be available for the A.I.D. Missions immediately.

Screening will be carried out continuously the first two years
of the project, with the second year being largely devoted to
the training for foreign cooperators. The third year will
provide a trial period in which any problems the cooperators
may experience with the screening process can be solved.

Data analysis and cropping system simulation will begin after
the first year of research. All analyses will be done by
CNRCP staff. Data from the second year of the program will be
used to revise and adjust models for year-to-year variation.
Two years of research may include as many as 6 growing seasons
in most LDC climates. After two years of research, data
anlysis will be completed, and preparation of LDC pamphlets
will begin. Data from the third year of research will be used
to validate and increase the accuracy of the quantitative
host-parasite models.,

Cascading levels of complexity are inherent in the cropping
systems research design. Research desian and data analysis,
which are quite complex, will be done by CNRCP staff at the
U.S. University. Cooperating LDC scientists will be involved
in the design stage, and will participate in data analysis, to
the extent of their interest and abilities. The cooperative
effort will provide additional training to LDC scientists in
the techniques of cropping systems research.

Another level of complexity is involved in the selection of
research sites, data collection, and coordination of
management efforts with growers and research staff. Primary
cooperators will be responsible for these activities, and will
provide advice and consultation to growers on appropriate
cropping practices. It 1is anticipated that research sites
will also serve as demonstration farms, showing the advantages
of crop rotation and advanced management techniques 1in the
control of losses due to plant-parasitic nematodes. This will
increase the interest of nearby growers and begin the
technology transfer process.
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The simplest level of complexity is reached in the duties of
growers, or site managers. Their responsibility will be to
manage the crop, as indicated by the cooperating LDC
scientist. £Except at harvest, the grower will have little
concern for the actual research plots. Even where additional
management techniques are applied, such as the use of
nematicides or biological control methods, the applications
will be done as a one-time preplant operation. The selected
growers will gain from interaction with LDC cooperating
scientists during the experiment. Techniques for assaying
nematode populations, and for the application of specific
nematode control measures will be demonstrated by CNRCP staff,
on-site.

The final phase of technology transfer will be accomplished
through native-language pamphlets, describing the best
cropping system alternatives for reduction of losses due to
plant-parasitic nematodes. Specific crop rotations will be
recommended, taking into account the cultural desirability of
certain crops. Writing the pamphlets will be a cooperative
effort with CNRC? staff and LDC scientists. A selection of
cropping-systems alternatives will be presented for differing
nematode-hazard levels, with an explanation of the advantages
of specific crop combinations.

It is anticipated that nematode research stimulated by this
project will be continued beyond the three-year term of the
project. Once the research designs are implemented and
computer programs for data analysis are completed, cropping
systems can be evaluated quickly and efficiently through the
international network of scientists promoted by this project.
New data will be transferred into existing programs for
crop-rotation simulation, and optimization. As new crops and
cultivars become available, as crop values change, and as the
cultural desirability of certain crops shift, recommended
cropping systems will be updated. The technique for such
updating will be provided by the project.
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d) Inputs

The project will fund personnel costs of the principal
investigator, a senior nematode-management specialist, a
screening-for-resistance specialist, two technicians to help
carry out the screening, a technology-transfer specialist and
a secretary.

3. Training Component

a) Description

One of the greatest obstacles to effective nematode management
in developing countries 1is the lack of trained personnel.
There is a severe shortage of both junior Tevel (M.S. degree)
and senior level (Ph.D.) nematologists in many countries. 1In
countries where shortages are less severe, the scientists are
often without access to current scientific literature and/or
stimulating professional exchange with other nematologists.
Without these educational stimuli, scientists can rapidly
become out of date.

To address this problem, two types of training will be
implemented. The first will be Short-term specialty training
(two weeks to three months) at the project center offered on
two different levels: one for research technicians and one
for scientists who already have degrees. The second aspect of
training will be to hold conferences and workshops for
specific purposes.

1) Short-term specialty training

This will basically be refresher training. LDC scientists who
already have degrees will be given the opportunity to spend
two weeks to three months at the project-based university
learning improved nematode identification approaches, research
methods, and management strategies.

2) Conferences and workshops

The project will organize and publicize conferences or
workshops pertaining to specific aspects of nematode
management. Some topics that might be anticipated include
screening for resistance, proper use of nematicides,
production of nematode-free planting stock, conducting
nematode surveys, and recognition of nematode problems.
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Implementation

The project's principal investigator will serve as the project's
training coordinator. The entire project staff, however, will
participate in organizing training activities, preparing training
materials, and conducting training sessions. The A.1.D. Missions
will function as 1iaisons betweer, the project and the targeted
audience and/or students.

Inputs

Core technical staff to conduct these workshops will be provided
by the project. This staff will be supplemented by volunteer
services of workshop attendees who are members of the research
network. Meeting sites will be furnished gratis by various
collaborating IARCs. Travel and per diem for participants will
be solicited from USAID Mission training funds and adequate lead
time will be provided between announcements of availability of
training and actual conduct of the same so that missions and
governments 111 be able to program training monies in advance.
These worksnops will be conducted as specialized short-term
training courses and will also serve as a research networking
activity. By combining both networking and training in the same
package it is anticipated that the funding base for travel can be
considerably leveraged. A third function of the workshops will
be to serve as regional congresses on nematology.

Table 5. Summary of Training Components

1. Short-term specialty training

2. Conferences & workshops

-- 10 scientists with refresher
training.

-- 15 research technicians with
improved nematology skills

-- 4 Workshops on techniques in
screening for resistance,

conducting surveys and
recognition of nematode problems

-- 4 Workshops on proper use of
nematicides and on production of
nematode-free planting stock
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3. Technology Transfer

a) Description

One of the ultimate objectives of this project is the production of
quality nematology services in developing countries.

Training will do much to achieve this goal, but other types of
assistance are also necessary, such as guidance in the planning of

new laboratories and in the selection of new equipment. Access to
current scientific 1iterature is also an important asset.

Table 6. Summary Technology Transfer

Activity Outputs
1. MNematode laboratory advisory -- 8 nematode
service laboratories set up
2. Information base/resource center -~ 10 sets of guidelines for

preparation of extension
bulletins published

-- hundreds of reprints and
books supplied

3. Nematologists' MNetwork -- Newsletter published
quarterly
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Nematode laboratory advisory service

Nematode identification services are not readily available
throughout developing countries. As these services become
feasible, A.I.D. Missions may enlist the assistance of the
nematode research and control project in planning new
laboratories or selecting appropriate equipment. Guidance could
also be given in the carrying out of surveys and development of
sound research projects, but these topics are covered in the
research component.

Information base/resource center

One of the most useful roles of the project will be that of a
clearinghouse for information. Network collaborators, A.I.D.
Missions and projects, IARCs and other interested parties will be
able to obtain information on nematode problems from the
project. Publicity for this availability of information will
mainly be accomplished through the research network and
newsletter but an effort will also be made to publicize the
availability through scientific organizations dealing with crop
protection, other A.I.D. financed newsletters (e.g. those of the
Consortium  for  International Crop Protection and  the
International Plant Protection Center). Also, the information
project will - closely associate itself with the S&T/AGR funded
A.I1.D. Agricultural Information Exchange Service (AGIES) project
at the National Agricultural Library and its satellite A.I.D.
Pesticides Information Service (AIDPEST) project. Information
output will be in two formats - that of interest only to nematode
specialists and that of interest to crop protection professionals
and agronomists in general.

3) Mematologists' Network

In an effort to maintain and expand the international network of
nematologists formed by the root-knot nematode project, a
newsletter will be published quarterly. A priority task,
immediately after initiation of the project, will be to obtain
the necessary clearances from the Communications Review Board.
A1l members of the network will have an opportunity to submit
brief research articles to and receive copies of this
publication. The newsletter will bring nematologists throughout
the world up to date on research being conducted by their peers.
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Implementation

The principal investigator and the crop management specialist
will coordinate the assistance in setting up new nematode
laboratories. The principal investigator and the technology
transfer specialist will coordinate the information base/resource
center and network newsletter. Screening tests for the worldwide
nematode survey will be provided by the project. Collection of
samples will be done mainly by research network collaborators.
Shipment to the U.S. will be provided by mission pouch service.
Packaging and labelling for soil samples will be provided by the
project.

Inputs

The staff requirements for this component are the same as
discussed elsewhere. Funds for books, reprints, Tlaboratory
facilities and laboratory equipment will be drawn from A.I.D.
Mission and regional bureau projects, from other bilateral and
multilateral donor agricultural projects, from IARCs and from
local currency funds. The newsletter will be underwritten from
core funding to the U.S. university. Screening tests for the
worldwide nematode survey will be provided by the project.
Collection of samples will be done mainly by research network
collaborators. Shipment to the U.S. will be provided by mission
pouch service. Packaging and Tabelling for soil samples will be
provided by the project.

IV. Cost Estimate and Financial Plan

The proposed budget for the project is $2.45 million of which
S&T/AGR's contribution will total $1.0 million (41%), the
missions $0.6 million (22%), the IARC's $0.24 million (11%), and
the LDC Cooperators $0.24 million (11%), and the U.S. university
.372 (15%). Table 7 contains a summary of the project budget.

The total A.I.D./S&T/AGR funds for the project were committed in
FY 84 to cover activities over the implementation period of three
years from September 1984 through September 1987.

Firm commitments from IARCS as to their type and share of
commitment will be negotiated immediately after the project is
initiated. Also, immediate efforts will be undertaken in
cooperation with regional bureaus to obtain USAID Mission
cooperation in local project redirection in Senegal, the
Philippines and Jordan for collaborative projects. PL-480 money
will be solicited in Costa Rica and the Bean/Cowpea and Peanut
CRSPs will be asked to provide staffing, facilities and equipment
for projects in Columbia (CIAT) and India (ICRISAT) respectively.



Proj. Element

Personnel
Consultants
Travel & Per Diem
Equip & Supplies
Office Space
Greenhouse Space
Utilities

Library

Computers

Office Equip.
Vehicles

Soil Analysis
Lab. Space
Maintenance

Other Direct Costs

Overhead/Fringe Ben.

Total
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TABLE 7

FINANCIAL PLAN PROJECTED COSTS

U.S. Univ.

(U.s. $ 000)
S&T/AGR Missions IARCs LDC's Total
Field Work- Coop. Coop.
Trials shops Res. Res.
467 15 70 80 632
45
90 5 440 25 25 585
90 20 55 35 200
30
25 45 190
40
10
10
5 5 16
15 15 45
6
10 15 85
30
80 40 35 20 175
353 353

1,000 T20 480 280 730 2,452
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V Implementation Plan

The schedule of major events as they are currently planned is contained in
Table 8. This schedule reflects the judgement of the S&T/AGR staff and
considers the contacts that must be established in developing a project of
this type. Regular monitoring of the project will assure early recognition of
unanticipated problems and areas where modifications are needed. This will be
particularly important in the early stages of the proje:t. Toward this end,
project staff will prepare regular progress reports covering activities and
accomplishments, factors affecting implementation, financial status, etc.
and, based on these, activities will be planned for the next reporting
period. Annually, the project staff will prepare new work plans which will
become the basis for amending the implemenation plan.
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TABLE 8
SCHEDULE OF EVENTS

Sept dJan July Jan July Jan July
Dec Jun Dec Jun Dec Jun Sept
1984 1985 1985 1986 1986 1987 1987

PREPARE ANNUAL WORK PLAN Crmmmmmmmae Commmmmmaae c

SCREENING FOR RESISTANCE

1. Develop agreements with IARC's Semmeam C

2. Conduct screening tests T e T T C

3. Train LDC cooperators and IARC R L T T paa—— C
technicians to conduct screening
tests

4. Initiate screening at IARC's and Semcmmmeen C
in LDC's (for Meloidogyne only)

5. Develop screening procedures for N C
other important nematode genera

CROPPING SYSTEMS

1. Visit missions & LDC cooperators Seemmccccmmmcmcccce;ce—————————— c
2. Assist potential collaborators in Secmceccccm—————- c
obtaining funding
3. Select sites for field trials Secmcmmmc———— c
4, Conduct field trials Semmmmcc—ce—c——————— c

INFORMATION BASE & RESOURCE CENTER

1. Expand existing data base N C
2. Develop data base index N c
3. Provide information on request Se e e C
4. Coordinate with S&T/AGR and AIDPEST S---=-cecmmcccmacccccmccccccceeas c
5. Consultation on nematode problems S e C
6. Consultation or nematode advisory services Smmmme e c
TECHNOLOGY TRANSFER INCLUDING SPECIALIZED TRAINING

1. Conduct conference/worksncns N c
2. Expand network of nematologists N L E P LT PP c
3. Publish newsletters Secmemcemm e c
4. Guide development of extension pamphlets Seemmmmmmieees c
5.

Short-term specialty training N L L L L PP PP c



REPORTS

47

TABLE 7 (Continued)
SCHEDULE OF EVENTS

Sept Jan July Jan July Jan July
Dec Jun Dec Jun Dec Jun Sept
1984 1985 1985 1986 1986 1987 1987

1. Copies of newsletters, manuals, Semmccmmcmcesemecm——e—— - ——————— C

pamphlets, etc.
2. Annual Report

3. Final Report-------

EVALUATION

1. Program Review
2. Program Review
3. Program Review
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VI. Monitoring Plan

The project will be administered by S&T/AGR. The project manager will
establish 1liaison with the grantee and communicate with the principal
investigator frequently. The grantee will visit or be visited by S&T/AGR
personnel every six months. Annual progress reports will be submitted to
S&T/AGR. Copies of all newsletters, pamphlets, manuscripts will be sent to
the project manager. The grantee will purchase and maintain word processing
equipment which can transfer data directly by telephone and modem to S&T/AGR
Wang and/or IBM-PC computer disks. Also the grantee will install telecopy
equipment which is compatable with that currently owned by S&T/AGR.
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VII Evaluation Arrangement

Two formal evaluations will be conducted during critical stages of project
implementation, one by the S&T/AGR 3taff and the other by outside consultants.

A -

WANG

10 and 22 - month Evaluations

At approximately the 10th and 22nd month of project implementation,
S&T/AGR will conduct a .management review to determine if detailed
project plans are adequate to achieve project objectives. The review
will cover specific implementation plans and will develop recom-
mendations for possible changes in project direction.

Final Evaluation

A final evaluation will be conducted toward the end of the project. It
will be carried out by an outside consulting team selected by S&T/FA and
will focus on an assessment of the overall success of the project. The
team will consider all facets of the project. The final evaluation

report will include:
- overall assessment of the success in meeting original objectives.
- estimation of the value of project accomplishments.

- identification of principal factors leading to project successes and
failures.

- assessment of the probability that project accomplishments will be
sustained.

- recommendations regarding future development of similar A.I.D. projects.

NO. 1067f



ANNEX 1

PID Approval Message

The Agricultural Sector Council approved the Crop Nematode Research Control PID
when i1t met on June 12, 1984,
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Projoct Title & Number: CROP_NEMATODE RESEARCH AND CONTROIL,

PROZECT DESIGN SUMMARY
LOGICAL FRAMEWORK

936-4149

-

NS
ALNEX 11
Fage 1 of S
Lits of Projecr:
From FY _ B4 1w Fy 87

Torsl US. Fund_i .81 '00? 000
Dute Piepareg: Februiaty 1414 "

NARRATIVE SUMMARY

OBJECTIVELY VERITIABLE INDICATORS

Program or Sactor Goal: The broadar objective to
which this project contributes:

To increase the supply of agricultural
products by reducing losses .caused by
crop nematodes.

Mestures of Gosl Achievement-

Increase yields of target crops.
Improved quality of products.

Increased farmer incomes.

MEANS OF VERIFICATION

L_IMFORTANT ASSUMFTIONS

National census fiqures.

Data from appropriate national
ministries.

Astumptions for schiaving prel tergety

Countriers will remain stable
politically so thal major dis-
ruptions of agricultural prod-
uction and essential inputs will
not occur.

Mission and bureau support will
materalize.

Hematologists in network will
actively participate in project.

Resecarcle results will be extended
te and adepted by farmers.

Project Purpose:

To strengthen the regional, institutional
and individual capacity in crop protec-
tion and to help establish efficacious
pest management systems with emphasis
on crop nematodes.

Conditions that will indieate purpose ha bheen
achisved: End of project statin.

I. Additional Regional and national
institutions are engaged in crop
nematode research.

2. Participating institutions and
private sector groups have
adopted improved crop management
systems.

3. Technicians in participating
institutions involved in erop
nematode research and contrel
are better trained.

Annual reports of institutions.

Feview of publications produced by
project collaborators.

Aswmptlom for echirving por pota:

Network =cientists will implement
productive research. Practical
training material! will be produced
and extended to farmers. Farmers
will adopt improved control
systems.
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PROJECT DESIGN SUMMARY
LOGICAL FRAMEWORK

Project Title & Number: _CROP NEMATODE RESEARCH AND CONTROL__ 936-4149

ANNEX I3
Fage 2 of S
LHe of Moject
FromfY__ 84 4w ry 87
Tou! UUS. Funding_$1,000,000

Dnte Prepared:_February 1984

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMFORTANT ASSUMFIIONS

NARRATIVE SUMMARY
Oupus:
A. Rescarch

B.

1. Crop germplarm selections
screened.

2. Nematode problems evaluated.

3. Nematode management trials
completed.

Training

1. Conferences/workshops.

2. Fileld Demonstrations of Nematode

Control Techniques.

3. LDC scientists trained.

Mapnitude of Outputs:

Seventeen hundred screened.

Twenty-five evaluated.

Sixteen completed.

Eight conferences held, 240 pardei-
pants.

i 600
Eg%g}giggkgé.Jo locations & 0

Fifteen trained.

Project reports.

Project reports.

Project reports.

Rerorts.
Reports.

Reports.

Assumnptiom for schieving mAmnx

TARC's will continne to provide
crop samples.

Network nematoloqgists, national
institutions, farmere and missions
will cooperate,

Same as above.

Missions / regions will support.

Mission, network nematologists &
rrivate srctor farmers will support
& cooperate. .

Missions will support.
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PROJECT DESIGN SUMMARY
LOGICAL FRAMEWORK

Project Title & Number: _ CROP NEMATODE RESEARCH AND CONTROL 936G-4149

ANNEX T
Pane 3 of 5
LHe of Mroject:
FromFY 84 _tofFy a7
Totsl US. Funding 31,000,000
Dete Frepered: February 1984

NARRATIVE SUMMARY

BJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMPORTANT ASSUMFTIONS

Outpute

C. Technoloyy Transfer

1.

Leaflets, pamphlets, etc.
publisheq.

Manuals, manuscripts, etc.
published.

Laboratories ret up.

Response to requests for
technical services.

Mapnitude of Outputs:

Thirty publications reproduced in
fifteen countries.

Ten published.

Eight upgraded.

Sixty-five responses. (Assumed
number of requests generated within
nematode research network)

Reports, samples.

Peports, samples.

Reports.

Reports.

Arsumnriom for achleving mnpenc

Hetwork nematologists will cooperate,
national ministries will support.

Same as abave.
Missions and national ministries will
support network nemalologists will

cooperate.

Hissions, network nematologists will
participate,
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PROJECT DESIGN SUMMARY
LOGICAL FRAMEWORK

Project Thie & Nurmber: CROP NEMATODE RESEARCH AND CONTROL 936-4149

ANNEX T1 N
Page 4 of §

Lite of Pyoject

fromFY__ B4___wFY 87
Tatet US Funding $1.000,000
Dete PreperedEchruary 19684

NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMFORTANT ASSUMPTIONS

Anputs:

A.1.D. S6T/AGR Contributions

($000)

Fersonnel

Fquipment and supplies
Travel and per diem
Overhead

TARCs

Personnel

Travel and per diem
Research facilities/labs
Fquipment and supplies
Greenhouse space

0ffice equipment
Vehicles

Other direct costs

1DC Contributions

Personnel

Travel and per diem
Equipment and supplies
Greenhouse space

Office equipment
Vehiclesn

Renearch facilities/labs
Other direct costs

467
90
90

353

70
10
55
25

15

implementation Target [Type snd Quantity)

Personnel, laboratory facilitfes,
and equipment uytilized in accordance
with time schedule shown in Table 8
of Implementation Plan.

S&T accounting reports

Amnumptiors for providing inpute.

Cooperative agrrement is
negotinted in timely manner along
with ndequate funding.
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Tape S of 5 \;\
£an Jemay 1M PROJECT DESIGN SUMMARY Lits of Project
LOGICAL FRAMEWONX FromFY B4___w FY _87
Tou! US Fundng_S1,000.000
Project Title & Numbye: CROP NEMATODE RESEARCH AND CONTROL 936-4149 Duts Prepered Echruary 1964
NARRATIVE SUMMARY DBJIECTIVELY VERITIABLE INDICATOAS SEANS OF VERIFICATION TAFORTANT ASSUMFTIONS
Aputs: implamentation Terget (Type ond Ouantity)

Amumptions Tor providing Inpasts
A.1.D. Missione ($000)

Field Trials

Personnel 15

Travel and per diem 5

FEquipment and supplies 20

Other Pirect Coste 80
Workshops

Travel and per diem 440

Other Direct Costs 40

U.S. University

Consultants 45 1
Laboratory space 60
Office space 30
Greenhouse space 120
Utilities 40
Iibrary 10
Computers 10
Office equipment 6
Vehicler 15
Soil Analysis 6

Maintenance 30
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ANNEX III, 1

Technical Analysis

Introduction

The crop nematode ressarch and control project is intended to increase the
knowledge about this group of serious plant pests, to improve the ability
of LDC nematologists to conduct rasearch, to conduct field trials to
evaluate crop nematode management systems and to initiate programs for
training farmers in nematode control methods. The approach to this broad
objective 1is focused on <three components: research, +raining and
technology transfer. The following discussion is intendad to provide a
general perspactive of thesa components.

Research

1. Overview

Nematodes, particularly root-knot nematodes, are a sarious problem
throughout the tropical and sub-tropical regions of the world. Although
this group of pests has been studied extensively in the devaloped
countries and a variety of control methods developed, there are many
unrasolved problems. Much less information is availabls about nematodas
in LDC's than in the developed countries, so tha ressarch neads are
proportionally greaater. The AID Pest Management Root-Knot Nematode
Project with North Carolina State University yielded a wealth of
information on the genus Meloidogyne, but additional ressarch in LDCs is
needed on this genus and even more on other genera. In designing the
ragaarch phase of the project, it was decided to follow-up on the
root~knot nematode research and to conduct studies on other species that
wera causing serious crop losses.

2. Screening for Nematode Resistance

The saarch for nematode resistance in crop germ plasm is not a new ons,
aven in daveloping countries. Howaver, screening programs in LDC's have
been limited by many factors. One is the use of locally obtained nematode
populations. Field populations used in screening may contain several
genera, species, and even races. It is unlikely that resistance can be
found to such mixtures, and if it were, no one would really know the exact
nematode mixturs for which resistance had been found.

-
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A second factor limiting LDC screening programs again pertains to the
nematode populations used. Even if a pure, single-species population is
used, it often is not maintained for future use or reference. Thus when
host races are discovered, as has been the case with Meloidogyne spp., it
is not poasible to go back and identify more precisaely the population used
in the past.

Thirdly, becanse LDC screening programs rely solely on local nematode
populations, major agricultural crope cannot be screened for resistance to
all of the four major Meloldogyne species and their races. -Simea these
major species and races of Meloidogyne are respon:ible for about 95% of
all root-knot nematode damage to agricultural crops, knowledge of crop
resistance to thesa particular nematodes is ossential. Effective cropping
gystems cannot be designed without this information.

Por the =mbows rsssome, fhe AID Pest Mansgement Root-Knot Nematode Project
has screened thousands of crop germ plasm accessions for resistance to the
four major Meloidogyne spscies and their races. Thess accessions have
included bean, chickpsa, pigeon pea, tomato, potato, Chinese cabbags,
wheat, barley, maize and cowpea. Seads of *these crops wara provided by
plant brasdsers located at the various International Agriculture Ressarch
Centers. The Crop Nematode Research and Control Project will continue
this effort for about iwo more years, At the end of this period, the
emphasis will already have shifted to the instruction of LDC scisntists
and technicians in screening procedures. At the completion of this
three-ysar project, selected IARC's and other strategic nemstology centers
in developing countries will have received pura culturas of the nacassary
nematode populations, as well as hands-on training in the performance of
screening procedures.

3. Identification of Nematode Problems

Accurate nematode identification is the primary prerequisite for effective
management of thesa pests. Tne distinction Dbeiwean inocuous and
plant-parasitic forms is only rarely a sufficient basis for sslection of a
mansgement approach. Management strategias, such as cropping systems,
which are most applicable to LDC agricultural crops, require accurate and
precise nematode identification.

Nearly every crop plant is susceptible to infection by nematodas. Some
rematods spacies, or races, infsct a wide range of hosts while others are
known to infect only a single host. The variation in host specificity has
a significant impact on selection of rotation crops. The feasibility of
using biological control agents also depends on the identity of the
nematode past.

\



Nematoda advisory services in LDC's are not very accessible or, in some
cases, vary well equipped. Therefore, problems may be encountered in
dealing with unusual, or particularly difficult, nematode problems. As a
rasource center and information base, the CNRCP plans to make its
expertise available in the diagnosis and manageament of nematiodes on
important agricultural crops. Assistance of this nature will focus on
sconomically important crop/nematode interactions of significance to the
geographical region in which it occurs. Such work will proveddy entail
nematode sample surveys of agricultural soils.

4, Evaluation of Cropping Systems

LDC growers need to be able to implement effective, low-cost crop
management strategies for a stable, long-term reduction of losses due to
plant-parasitic nematodes. For this reason, strategies involving crop
rotation, biological control agents, production of dissase-free planting
stock, and other cultural and sanitary practices need to bs invastigated.
Use of nematicides is often impractical in LDC's bacause tha chemicals are
expensive, potentially dangerous, and not readily available. In namatode
meragement research studies, however, nematicides serve a valuable
function by demonstrating the extent to which crop yield can be improvad
by succaessful nematods management.

Effective anglysis of crop rotation schemes begins with an evaluation of
quantitative host-parasite relationships. For this reason, the size and
composition of nematode populations must be monitored clossly before,
throughout, and after tha growing season. The number of crops to be
studied at each site will depend on grower practices, local availability
and the size of the site. Selacted crops must be economically important
to the region and culturally acceptable to LDC growers. Another aim is to
conduct on-sita research with a minimum of disruption to normal grower
practices. These stipulations are mads to enhance the local adoption of
proposed cropping systems. Also, it is hoped that research sitas which
gerve as demonstration farms will thereby spark the interest o." nearbdy
growars.

5. Conducting Crop-Loss Assassments

Crop-loss assassment is one of the more neglacted areas in LDC nematode
management. Most estimates that have been made available to date are
primarily subjective. Also, in such cases whera estimates have been
providad, +thers has besn 1little attempt to identify thoroughly and
precisely all of the plant-parasitic nematodes contributing %o crop loss.
The usafulness of crop-loss estimates due to nematodes has also been
dacreased by *ha simuliansous occurrence of many other disease organisms
and insect pestis.
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Assessment of crop losses has been chosen as a target arsa by the CNRCP
not only because an obvious need for it exists but also because it is
easily integrated with +the two previous sections: identification of
nematode problems (Section 3) and avaluation of cropping systems (Section
4). As the CNRCP serves in its capacity as a worldwide nematods advisory
service, serious nematode/crop problems will be brought to its attention.
In this way, many opportunities will arise for the gathering of erop-loss
data. This information, along with results of management experiments
involving the same crops and nematodes, will provide solid and raliable
data for estimation of losses due to plant-parasitic nematodes. This data
will be valuable due to the scarcity of reliable crop-loss information in
LDC's. It will also contribute substantially to the development and
evaluation of effective cropping systems.

6. Implementation and Evaluation of Management Strategies on Farm Plots

Evaluation of cropping systems (Section 4) on rasearch stations alone will
not be sufficient to addrsss the nematode problems of LDC's. Although
research plois on experiment stations will be used as demonstration plots,
more dirsct contact with the farmers is necessary. For this reason, the
strategy outlined in Section 4 will also be implemented in selacted
growers' fields.

This approach will make it clear to farmers that significant inereases in
crop yields can ba obtained through nematode management. By bacoming
familiar with the signs of nematode damags, knowing whare to turn for
expert identification services, and understanding the basis for management
strategies, the farmer will develop an appraciation of the problem as well
as confidence in his ability to master it. Emphasis necessarily will be
placed on inexpensive and locally available managsment options.

7. Develorment of the Resesarch Capability of Collaborating Institutions

Part of the rationale for this objective is given under Section 2 --
Sereening for Nemstods Resistance. Practically all major efforts by LDC's
to scrsen crop germ plasm for rasistance to root-knot nematodss involve
some cooperation by the AID Root-Knot Nematode Pest Management ' Project.
To alleviate this dependence, the CNRCP plans to transfer the screening
Yechnology to major IARC's and other appropriate and strategically placed
LDC institutions.

Aside from the screening-for-rasistance capability, one of the drawbacks
that faces LDC scientists is %the lack of access %0 current seciantific
information. For this resason, CNRCP's sarvica as a rasource canter and
information base will be extremely valuable. Reprints, books, and
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articles, especially on specific topies that these scientists may havs
difficulty tracking down, may be obtained through CNRCP. Such access to
research findings on similar crop/pest interactions or the 1latest
taxonomic breakthroughs can substantially improve LDC efforts in the field
of nematology.

Also in connection with the identification of nematode problem areas
(Section 3), the CNRCP will be conducting nematode sample surveys and
performing identifications with the cooperation of local LDC agricultural
specialists, technicians, and/or growers. This experisence will serve to
strengthen existing nematode advisory services and/or instill the
determination to initiats suech services which are badly nesded in many
LDCs.

8. Research Linkages

The CNRCP is committed to serving LDC's in a wide range of geographical
areas, To concentrate studies in one or two locations would be to limit
unnecessarily the usefulness of this project. By selection of €cw» #e s
geographical areas in which to conduet cooperative studies, nematode
identification and management research can be carried out in a range of
climatic and environmental conditions. 3Bacause this diversity is being
allowed ror, practicauly all LDC's will potentially benefit from the
research results. Por axample, management studies will be able to involive
a wider range of crops for rotations and the effactiveness of biological
control agents can be analyzed under varying ecological settings. Most
LDC scientists will be able to glean information from thess studies that
will apply to his or her country.

Optimum effectiveness of the CNRCP will depend on the extent to which AID
mission bureaus "buy-in" to the resource center/information base services
that will be offerad. Willingness to cooperate in the screening-for
-registance program has already been expressed by several IARC's including
CIP, CIAT, CIMMYT, IITA, ICRISAT, and AVRDC.

Several ressarch institutions in developing countries have indicated a
desirs for cooperative studies with CNRCP. Thaese include the Universidad
de Costa Rics, the Jamaican Ministry of Agriculture's Plant Protsction
Division, INIAP (Ecuador), Universidade de Brasilia, ORSTROM (Ivory Coast
and Senegal), Uganda's Kawanda Research Station, the Kenyan National
Agriculture Laboratory, Korea's Kyunpook National University, Indonesia's
Segunung Research Station, the Bangladesh Agricultural Research Institute,
the Univarsity of Jordan, Morocco's Institute de Agronomiqua at
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Veteranaire, and India's University of Agricultural Sciences. Due to the
abundance of interest expressed and to the geographical divaersity of these
institutions, CNRCP is in a good position to salect suitable research
sites in g6u? tu stz different rogions X ibe Forid.

9. Research Outputs

One of the major goals of CNRCP is timely dissemination of information.
FPor this reason, a newsletter will be issued quarterly -s» YEamwed3¥ so
all cooperating scientists can be brought up to date on each ol ar's
research progress. When necessary, assistance will be given in analyzing
and interpreting data.

Emphasis will also be placed on publication of research findings in
roefereed journals so the scientifie credibility of +the work will be
enhanced. Scientific publications will also serve 1o document the
progress of the project. As findings accumulate and begin %o point to
practical managament strategies, research outputs will also take ths form
of native-language, axtension-type bulletins for use in the education of
LDC agriculture specialists and farmers. This aspset of information
dissemination will ba largely +the responsibility of in-country scientists
who will bvenefit from CNRCP guidance in devalopment of bulletins and
financial asgigtance in their publication.

Training

Though LDC's are beginning to produce sizeable numbers of agricultural
spacialists, well-irained nematologists are relatively scarce. To help
close this gap, CNRCP plans to .direct training for many levels of
agriculturalists: advanced degree scientists, student tachnicians, and
growers. The ultimate goal of this effort is the production of a core of
indigenous personnel with sufficient knowledge concerning the science of
nematology that thay are able to recognize, address and allsviate their
country's problasms in this realm. In working toward this goal, CNRCP will
strass rafreshar +raining for scientists and intensive training for
technicians in the form of workshops, individual +training in special
skills for agricultural personnel, and field demonsirations for farmers.

1. Workshops

wWithin seven years of the time a scientist completes graduate education,
most of the technical information learned is obsolete. This problem is
especially true in LDC's where scientists often do not have accaess %o
current professional literature on a regular basis. To allaviate this



problem, CNRCP plans to conduct conferences and workshops on aspects of
nematode management that spacifically need to be updated. Some topics
that are anticipated include screening for rasistancs, proper use of
nematicides, production of nematode-free planting stock, design of
nematode survays, and recognition of nematode infections.

2. Individual Training

Some t{raining must necessarily be intensive with abundant "hands-on"
experiencs. Bacause workshops cannot always offer the individual
attention sometimes needed, CNRCP will provide two-wsek to three month
specialty training at the project-based univaersity. Topics more suited to
this training approach may include current nematode taxonomy, research
methods, data analysis, and management strategies.

3. Field Demonstrations
The topic of field demonstrations has baen addressed under Sactions B.4
and B.6. These demonstrations are designed to benefit all levels of

agriculturalists from administrators to researchers to farmers.

Tachnology Transfar

Although technology transfer has besn emphasized under the topics of
research guidance and professional training, the term is used here to
specify the project's functions as a resource canter and information
base. In pursuing its goal of +transferring professional capability in
nematology to LDC's, CNRCP recognizas +the need for transfer of
information, guidance and materials.

1. Data Base Drvelopment

The comprahensive nature of CNRCP activities will dictate the collection
and analysis of an enormous quantity of data. Nearly every conceivable
aspect of international nematology will be covered in the project
approach. All of this information will bve of value and must be made
available to cooperating LDC scientists. To accomplish this goal in an
orderly manner, computerized database-management techniques will be used
to coordinate information storage and retrieval for each componant of the
CNRCP. Databases will bas maintained for the germ-plasm screening efforts
so that scientists in any part of the world will have immediate accass to
the resistance status of tested cultivars. Data from cropping-systems
research will also be analyzed and placed in an appropriately xayed



databese so that LDC pest management psrsonnel can retrieve informatioun
related to nematods problems in their areas. Other research daita such as
morphological, biochemical and oytogenetic results raslated to the taxonomy
and identification of nematode pest species will be organized and managed
for use by cooperating scientists. This information will be invaluable
for the identification of specific nematode problems in LDC's.

2. Resasrch Guidancea

Until recently, nematology research conducted in LDC's was carried out
with little or no collaboration among neighboring countriss. Much work
was duplicated or overlapping, and works +that might have baen
complementary were not compatible because of diffserences in the methods
used. By providing s newsletter abstracting current nsmatology research
in LDC's, CNRCP will foster mors cooperation and less duplication.
Guidance in research methods also promises to lead to some standardization
in approach.

Guidance in the area of screening for resistance has already been
addressed in Saction B.2. This effort will be a dirsct example of
capacity transfer in that a core of indigenous personnel will be trained
Yo taks over tha scresning for Meloidogyns resistance that was formerly
performed by AID's Root-Knot Nematoda Pest Managsment Project.

3. Design of Nematology Laboratories and Equipment Selaction

In LDC's, the few currently established nematode advisory services need
bolstering, and additional services are in demand. Bacause LDC's have
limited resources to expand in this rasearch area, CNRCP plans to offer
advice on the design of laboratories and the selaction of the most
essential equipment. In this way, the limited funds available can bs put
to the best use.

4, Periodic Dissemination of Information

The quality of nematological research in LIC's can be improved and the
interest of +the scientists gpurred by improved dissemination of
information about research problems, approachss, and solutions. A
newsletter publishad quarterly or biannually by CNRCP will serve this
purpose. In addition to covering gensral LDC research in nematology, the
progress of CNRCP's collaborative studies with IARC's and other research
institutions in LDC's will be covered.

-

/



5. Tachnical Publications

Tachnology transfer through research guidance and training efforts
requires reinforcement by means of technical publications. Only a
fraction of this requirement will be met by CNRCP's periodic newsletter.
Topics to be covered by workshops and individual training sessions, such
as stendardization of taxonomic approachss, rasearch methods, screening
procedures, and nematode survey design, will leave a more lasting
impression if supplemented with  written  guidelines. Technical
publications of this kind will be prepared as CNRCP feels they are
warranted.

6. Development of International Liaison Organization for Nematologists

Many international nematology organizations already exist, but few focus
on nematology in LDC's particularly the problems of tropical nematology.
Also bacause of stringent rules for manuseript acceptance, many LDC
gcientists rarely publish their findings outside their own countries.

A global network of scisntists has already been astablished by AID's
Root-Knot Nematoda Past Managament Project. CNRCP plans ‘to strengthen and
expand this network in its capacity as a resource centar/information
basa. The distribution of the nawsletter mentioned in Sectiion C.4 will
assist in this effort. Whilas a new '"nematology society" will not be
formed as such, LDC scientists engaged in namatology projacis will be made
aware of research being conducted in other countries and have access %o
research publications. Inter-country cooperation will be promoted as a
result.

WANG NO. 1066f
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ANNEX III, ¢

Pinancial Analysis

P cooperating LDC institutions have yed %e »a identified. Their
financial and administrative soundness will be taken into account
following the grantes selection and the subsequent selection of
cooperating research partmers. However, it is obviously in the interest
of A.I.D. to fund activities in countries and institutions where there
is sufficient financial commitment for such efforts.

what can be stated with clarity is that there is substantial intersst in
nematode-related problems in LDCs as represented by estimated total LIDC
research budget outlays ourrently running between $750,000 and
$1,000,000 per year. Additionally, the International Agriculture
Research Centers (IARC) carry on nematode research. CIP in Peru has the
single 1largest IARC nematode program, which in addition Yo 1ts
center-based axpenditures and efforts, allocated over $36,000 during the
last four years to pay for potato germ-plasm screening for resistance to
nematodes and for biological control research services performed by
North Carolina State University.

Such relationships illustrate the complsmeniary afforts Shat the
proposed project will foster. The grantse rscipient that implements
this cooperative agrasment will also facilitate and coordinats %he
activities and afforts of joint concern for very broad based interasts
in nematode research throughout over 60 countries and an astimataed
natwork of institutions that should approach 100. Such a network is
oritical for national 1lavel research programs to be able to taka
advantage of tha research findings of each other and thoss of the
IARCs. Therafore, it is expected that specific project support, 1i.e.
investments, will be made with institutions that are financially viable
and administratively sound.



ANNEX III, 3

Economic Analysis

A, Introduction

Pest problems in LDCs annually causa economic crop losses astimated
to average as high as 30 percent of c¢rop values. Pests affect
agricultural potential both by causing production losses and necessitating
that energy and resources be diverted to their control instead of other
productive alternative usas. Mean crop-yield losses directly attributable
to a single genus of nematodes (Meloidogyne spp., root-knot nematodes)
range from 11% in Southeast Asia to 25% in West Africa and 15% for Latin
America and the Caribbsan. Singls crop-yield losses directly attributable
to Meloidogyne are as high as 46% of the tomatoss produced in West Africa
and 243 of the common beans grown in South America. Total crop failure
due to nematodes is commonly reported whers infestations are highest.

Field abandonment is often the only alternative many peassiit farmers can
turn to. In other areas the crops most optimally suited for loecal growing
conditions are simply not cultivated where nematode infestation is
raported. Thus the indirect effect of nematodes is also present in the
loss of omploymant and revenuss from crops that would otharwise be
cultivated. In arsas with high population dansitiss, abandonment rasults
in the bringing into cultivation of marginal lands which in turn leads to
environmental dagradation as a rasult of watarshad covar removal and soil
erosion.

Nematodes are one of tha most important agricultural pests in terms
of economic losses. The combined losses dus to all species of nematodas
are@ much higher than for Meloidogyne alone. Given already sstablished and
known methods of control for the temperata regions of the world, along
with promising rasults from the limited amount of nematode rasearch that
has been performed in the tropics, it is apparent that adaptiva ressarch
coupled with some additional basic research through cooperating LDC
institutions will lead to significant gains in agricultural productivity.

The Crop Nematods Rassarch and Control Projset is designed to
develop institutional and individual capacity to carry-cut research and to
develop nematode control systems for transference to local farmers. The
sconomic analysis that follows expands upon the introductory comments
regarding the aconomic importance of nematodas through examples of general
impacts of nematode-caused problems and three country-spacific examples of
consarvativaly astimated losses for salacted crops.
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B. Background

The agriculture sactor in most developing countries that AID works
with is the primary source of employment and a major contributor to gross
domestic product and exports. Howevar, increasses in agricultural
production have not, in general, kept pace with population growth trends.
Concurrently thare have been increased pressures on the donastic resources
and growing demands for basic food imports. These trends as well as othar
problems have dapleted foreign exchange raserves. Indabtedness and debdt
gservice burdens have increased rendering domestic development capacity
more problematical. Increases in agricultural productivity ara promptly
needed to improve both the .financial situation and/or well-being of
individual farmers and the aggregate well-being of LDC population.

The major thrusts of +this project ars ressarch, information
generation and practical control methods for decreasing nematode damage
and increasing crop yields. Dirsect and quantifiable benefits cannot be
established ahead of time. Howaver, based on the successas of tha sarlier
Pest Management Root-Knot Nematode Project (931-0614) which generated much
in terms of basic raesearch, we are now in the position to draw some usaful
inferences about project pay-off potential. Assuming that the project
purposa is achieved and outpuis atvainsd, 3ignificant gains should be
obtained in carms of reduced nematode damage on agriculture production and
improved aconomic walfara.

C. Economic Costs of Nematoda Problems

Eatimates of selected crop losses due to Meloidogyne alone in three
developing nations are based on country production statistics and
information collected during the pravious project from 75 scientists in 36
countries in the tropies. The +three country examples, Bangladash,
Ecuador, and Senegal, also raprasant potential cooperator countries in
that acientists in sach have expressed intarest in collaborating with the
project.

Nematodss ars aconomically important for thres primary reasoms: (1)
production lossaes; (2) production costs incurred due to control efforts;
and (3) macroaconomic and social costs associated with balance of payments
and enviromental degradation problems. The relative importance of aach
factor depends upon the crop variety, nematods species, climate, soil type
and condition, farming system, setec.

Nomatoda damage is often undiscarnable dus to its undarground naturse and
therefore goes untreated by many farmers. Weads as pasts ars oasily
racognizad and farmers typically take actions to control them. The nature
of the damage from nematodes also probably results in higher losses on
limitad-rasourca farms dus 50 %ne fact 3shat fawer irpuis are directed %o
past managemant than is the case with cash-crop farms.
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Data from 36 nations spanning Latin America and the Caribbean,
Africa and Southeast Asia suggasted that thesa countriss in aggregate have
estimated production losses due to Meloidogyne nematodes alone, of 28% of
the potential bean production, 243 of the potential potato production, 22%
of the potential yam production, 19% of the potential coffee production,
25% of the potential rice production and 29% of the potential tomato
production. For Bangladash, using 1981 sweet-potato-production statistics
and the estimated average loss figures due to Meloidogyne, an sstimatad
47,700 metric tomns of sweet potatoes wera lost. As additional examples,
an estimated 33,150 metric tons of pulse crops production were lost and
3,750 metric tons of peanuts. All of the above are nutritionally
important as well as sconomically important. For axample, in 1981,
Bangladesh imported $440,000 worth of pulses and $1,100,000 worth of
potatoes.

For Senegal, estimated crop lossas due to Meloidogyna consarvatively
translate into 135,000 metric tons of peanuts which along with peanut oil
are major oxport products. An estimated 7,700 metric tons of maizs wers
lost while maize imports totaled $978,000. As a final exampls for
Senegal, pulss crop losses in 1981 wers approximately 5,720 metric tons in
a year when $393,000 of pulses were imported.

For Ecuador, Meloidogyne attributable losses are asstimted at 16,350
metric tons of potatoss, 13,260 metric torns of coffes, 13,870 metric tons
of pulses and 239,000 metric Yons of bananes. Bansnas ara the third
largest crop export from Ecuador behind coffee and cocoa. Banana and
coffes exports in 1978 totaled $453,009,000 while imports of pulse crops
totaled $2,070,000. A very small percentage decrease in coffes or banana
losses due to Meloidogyne would easily offset imports of pulses and
saveral other crops.

D. Expected Benefits of tha Project

Reduction of economic losses starts with adsquate information on
nematodes and crop relationships and with specific management practices
that are practical and effective for dealing with nematodes.  Such
information is best generated by ressarch institutions and through
cooperative on-farm trials. This project builds on the earlier Pest
Management Root-Knot Nematods Projact and plans to astadlish thess
capabilities in from 4§ to 6 cooperating institutions (along with the
envisioned dissemination of information via publications and workshops.

The direct benericiaries will be tha institutions and individuals
whose capabilitiss are enhanced. Once knowlsdge and practical control
methods are transferred to them, farmers will also benefit from increased
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production and/or net ravenues. When a sufficient mass numbers of farmers
have adopted these management techniques, through extension efforts and
word-of -mouth, resulting increasad agriculture production will generate
broader social benefits.

The ground work has been accomplished by the previous nematode ressarch
project. It is now time to move into field tasting in cooperation with
farmers. Some basic technologises have besen developed, while others should
be readily transferable from temperate-zone agriculturs.

The existing international network of nematologists (developed
during the previous project) will be expanded and their activities will be
better coordinated. Collaboration and coordination via workshops and the
racipient wuniversity will 1lead %o complementary research activitiss
enabling consideration of other nematode species and more field trials
under a variaty of settings. A more efficient transfer of knowledge and
exparience among the scientists and extension persomnel should also result
from axpansion of the network of nematologists and the establishment of an
international liaison organization. Actions of the grantes university and
the liaison organization should lead to more efficient publishing and
dissemination of information on nematodes and methods of controlling them
as a higher quantity and quality of information results from
implementation.

The case for +tha project mnay be atatad bvest in terms of scale
aconomies; that is, onca the information sand methods «cf control are
developed and the network is expanded, the transfsrencs of information to
and from additional arsas may ba performed at very low additional costs.
By building upon and expanding the existing international network of
individuals, data bases and information systems will realize aconomies of
scale by serving the same individuals plus additional ones reprasenting
the sum of national audiences for a fraction of the cost required to
establish saparate systems. Training providad or supported through the
project will directly benefit the trained individuals by increasing their
carser opportunities.

Sacondary benefits will acerue to LDC farmers and thaeir societies as
a whole whaen successful transfer of nematode control technology occurs.
Some transfer will occur during the project period, but the most
beneficial impacts of tha project are not expected to occur within the
project peariod. Instead, the project will build the i 3titutional
capacity, knowledge, skills and technologies that are necessary
preraquisites for improved agriculture-ssctor performanca.
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E. Expected Returns to Project Investments

If we assume that the nematology research and training outputs
generated by this project will be transferrad to farmers through extension
programs, then we can expect to observe quantifiable increases in farmer
net returns. This assumption is considered to be valid since project
activities are focusad on concerns of regional importance and are designed
to incorporate on-farm trials which have a good record for spreading
effects once appropriate technologies have been identified.

(S&T/AGR/EPP:D.Faulkner: jth:6/13/84:Weng #1585h
Revisions made 6/14/84:edd, rev. 6/15/84:1s1
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Annex III, 4

SOCIAL ANALYSIS
A. Introduction

The objectives of the Crop Nematode Research and Control
Froject are fourfold: (1) to increase the body of scientific
knowladge about nematodess; (2) to improve the ability of LDC
nematologists to conduct reseérch; (%) to conduct fie=ld triale to
evaluate crop nematode management systems: and (4) to initiate
programs for training farmars in nematode contfol methods. To
accomplish these objectives, the project. proposes three inter-
ralated activitiss: research, training and technology transfer.
Thase aspects are outlined in detail in the technical analysiss:
in this section, factors affecting appropriateness of research

agenda, diffusion, replicability and beneficiary participation

ure mas 1 mum

i

are 2xamined and recommendations made to as

1l

B. AQppropriatensss

Research, to be conductad in collaboration with the
implementing American university, LDC institutions, and six of
the2 international agricultural ressearch centers (IARCs) will
concentrate an  screening for resistant cultivars, identification
of nematode problems, evaluation of control methods, assessments
of crop losses as part of the field trisls, and implementation
and svaluation of managament strategles on rarmer plots.

Fzst control technology is not scale n=utrali: resesarch
funded uwrnder this praoject will focus aon devising low cost  pest

managemnent schemes for food crops which should be well within the

financial reach of small farmers and which meet other socio-
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aconomic oriteria. Fest control methods will be togsted

on farmers fislds, snsuwring the involvemsnt of the snd users

(farmers! in the svaluation of technologies.

T,

To assur

e s0Cio-economnic aAppropriatenass and hence  adopti
of the proposed technologies, it is strongly =ncouraged that IARC
and national program  collaborators work closely with Farming
systams or cropping systems rassarch Programs in theivr instituts

in determining acceptability of alternative Zrops in ratations,
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labor requirements for such CIrops, consumear prefarances,
2tc. By working with existing FSR pragrams, the collaborators

wownld also ensure that

m

representative cross-section of the
Tarmer population is included in on-farm trials (2.3, femala
aded -housenclds. largar and smalisc land molderss .,

The grantes university will serve as a resource centar

providing information o oo ountriss. The
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wnivarsity is responsible for encouwraging wide dissemination o4

rase2arch findings to IARC and LDC collaborators.

The project attempts to promohte the tramsfer of technology
in sevarsal wavs! (1) to professional researchers via (&)
workshops (both in-countiry and regional): (5) short coursss
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axtension ssrvices

D. HEeplicability

A very small number of speciss of nematodes account far  a
large parcentages of nematode problems around the world. Al though
the cause of the problem is similar, the management teschnigues
neaded to solve the problem differs widely as a function of crops
involved and resources at the disposal of the farmer. Herce

there is adapt pest control management
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stirategies to the LDC realities. The US university grantee is

meant to develop an approach to problem—-solving that is

2plicables throughout ths world. Although the managemsnt strategy
that is technically sound and socicg—2conamically feasible diffars
from one 3rza o the sazme, ths 2CL2EIh 12 the zame and hsrcs

There are several levels of pezople who will benefit from
project activities:

——=L.DC  ressarchers who will participate in regional and/or
in-country workshops, receive individual training and will sxpand

their profsssional contacts through international networking

——intsrnationa agricul tural research centers whosea
sbilitioz “2 zccompiizh S-ai- 111 T®  ztrsnghhsnsd oo
project-spor sored workshops, training and networking;

—=imdividual farmers szlactad Sfor Si=21d tirialz and

demonstrations wha will bensfit +rom individual swte nEion  agent

attention.
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Environmental Analysis

Projeet Description

Losses in agricultural production due to pest damage is a serious problem
in developing countries. Crop nematodes are a group of pests that cause
significant losses, but have received relatively little attention in these
countries. Methods for reducing crop losses from nematodes are available
and utilized in developed countries, but have not been developed for small
farming systems in the tropics. Additional research and evaluation
adapted to cropping systems in developing countries can produce
information that would result in inecreased crop production.

This project will coordinate an effort to develop and extend an
international capability in crop protection aimed at reducing erop
nematode damage. The program will be based at a U.S. university with
unique expertise in crop nematode research which will work with national
and international research centers and LDC nematologists in conducting
research and rieid demonstrations. Because of their zlobval importance and
to follow-up on the results of USAID funded research at North Carolina
State University, the development of cropping systems and control methods
and the selection of resistant cultivars to reduce root-knot nematode
damage will be emphasized. However, nematodes of other genera will also
be considered. The majority of the field evaluations will be carried out
by cooperating scientists with assistance and supervision by the
university staff. While some of the research will involve the use of
nematocides, a totally integrated approach will be used including the use
of resistant varieties, crop rotation and other physical and cultural
control methods. In those cases where chemicals are used the research
will be closely monitored and oriented toward determining their most
effective use while minimizing any potential environmental damage. The
project will also place heavy emphasis on screening crop germ plasm
against important species and races of root-knot nematodes. In addition,
training from the professional to the applicator level and technical
assistance will be important components of the project.

The proposed S&T/AGR contributions to the project will be $1.0 million.
In addition, it is anticipated that additional funds from A.I.D. bureaus
and missions will be added. Project resources will be used primarily for
personnel, travel and per diem, equipment and supplies. 3mall quantities
of chemical nematocides will be procured, but only for use under
controlled research conditions.

<
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Discussion of Impacts

In that the projeect prineipally involves technical agsistance, training,
controlled research, document and information transfers, and other
activities that generally have little or no direct effect on the physecial
and natural environment, a categorical exclusion is justified in
accordance with Environmental Procedures 22, CFR, Section 216.2(e)(2)(1),
(11), (iii), (v) and (xiv). With regard to pesticide use and procurenent,
procedures outlined in Section 216.3(b) are excluded as justified by
Section 216.3(b) (2) (iii). Both mission and A.I.D. project monitoring
personnel will ensure that the procedures outlined in Section
216.3(2)(iii) will be followed.

Recommendation

From the above discussion, it is determined that the project will not have
a significant direct effect on the environment. A negative determination
is recommended.
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IV. Impact Identification and Evaluation Form

Impact Areas and Sub-Areas Impact Identification Evaluationl/

A. LAND USE

1. Changing the Character of the land through:
a. Increasing the population N
b. Extracting natural resources N
c. Land Clearing N
L

d. Changing soil character +
2. Altering Natural Defenses M+
3. Foreclosing imp:rtant uses N
4. Jeopardizing man or his works M+

5. Other factors:
Reducing pesticide pollution and contamination M+

1/The following symbols were used:

N = No environmental impact U = Unknown environmental impact
L = Little environmental impact

M = Moderate environmental impact + = Beneficial impact

H = High environmental impact - = Negative impact



WATER QUALITY

« Physical state of water

. Chemical and biclogical states
+ Bcological balance

« Other factors

=0 N -

ATMOSPHERIC

1. Air additives
2. Air pollution
3. Noise pollution
4, Other factors

NATURAL RESOURCES

1. Diversion, altered use of water
2. Irreversible, inefficient commitments
3. Other factors-

CULTURAL

1. Altering physical symbols
2. Dilution of cultural traditions
3. Other factors

SOCIOECONOMIC

1. Changes in economic/employment patterns
2. Changes in population

3. Changes in cultural patterns

4. Other factors

HEALTH

1. Changing a natural environment
2. Eliminating an ecosystem element
3. Other factors

Reduce pesticide poisoning
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H. GENERAL

1. International impacts
(cooperation in pest management)

2. Controversial impacts

3. Larger program impacts

4, Other factors

I. OTHER POSSIBLE IMPACTS (Not listed above)
1. Introduction of new plant species

2. Agricultural chemicals
3. Other factors

WANG NO. 0936f
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