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INTRODUCTION

This document provides a preview of
the trends emerging for CIAT in the
upcoming decade. Prepared in res-
ponse to a request by the Technical
Advisory Committee {TAC) of the
Consultative Group on International
Agricultural Research {CGIAR]), it
summarizes some of the progress to
date and outlines the plans. An
exercise scheduled to begin in late
1988 is expected to culminate in
CIAT's strategic plan for the 1990s.
The strategic plan should be available
for the center’s external program
review at the end of 1989, This pro-
gram and budget for 1989-1993, there-
fore, is an interim plan to be read in
conjunction with the results of plan-
ning for the long term and with earlier
decuments, such as CIAT in the
1980s and the updated operational
plan for 1886-1990.

The strategic plan for the 1990s will
be developed as an interactive process,
including significantinputfrom CIAT's
national program partners with respect
towhat types of support they need and
expect from CIAT. They will also be
asked to anticipate how they will
change during the next decade and
how that is likely to modify the kinds of
support required from CIAT. Since this
five-year P&B was developed out of
phase with CIAT s strategic planning
schedule and in a very short period of
time, such consultation in its prepara-
tion vwas necessarily limited.

Even without detailed analysis,
however, it is ciear that the environ-
ment in which CIAT will work during
the next 5 years is changing rapidiy—
and the strategy of the center and its

programs must be responsive to the
changing scene. Three trends are
central to thase projections: the evolu-
tion of national programs, the
changing scientific/technological
base, and increased concern for sus-
tainability.

CIAT's national program partners
represent the most important element
in CIAT s environment. Qur plans are
founded on the assumption that on
average the national programs will
grow stronger; and this will gradualty
miodify our respective roles.

The scientific foundation on which
CIAT's. research is built is also
changing rapidly; this is particularly
true in the area of biotechnology,
which offers new tools to solve old
problems, The information and com-
munications revolution will also
change the way we go about our work,

CIAT associates itself strongly with
the growing worldwide concern for the
environment and natural resources.
The program strategies described in
this document reflect acommitmentto
sustainable production systems,

In its research and in its support to
national programs, CIAT is but one
element in an increasingly integrated
global system. The international cen-
ters {(LARCs) that form a part of this
system are now well established and
are developing a mature relationship
with their national program pariners
and with each other.

All the centers have in common the
goal of improving the lot of low-income
farmers. Within the overail impaerative



to increase food production, the com-
modities, policies, resources, systems
and technologies being researched are
crucial to low-income peoples. CIAT
has always been strongly committed
to this goal. Each of the commodities
receiving research attention has at
least one of the following attributes: it
is a relatively inexpensive source of
calories or protein; itis partof the food
budget of low-income consumers; or it
is grown largely by low-resource
farmers.

CIAT has been given a woridwide
mandate for research on beans and
cassava and a regional mandate for
research on rice. Its work on tropicat
pastures is aimed chiefly at the vast,
underutilized tand masses of tropical
America; however, technology gen-
erated for this ecosystem can benefit
similar areas in other continents with
marginal additional costs. Thus CIAT is
making available promising pasture
materials to interested institutiens in
Africa and Asia.

Inn the case of those commodities
with a global mandate, CIAT strives to
make the benefits of its research
available to all parts of the Third World
where these commaodities are impor-
tant. Where another iARC hasregional
responsibility for one of these com-
modities, CIAT works closely with that
center, providing scientific and in-
formation backup support and en-
suring that national programs in the
region have access 1o the genetic
diversity available at CIAT. Conversely,
where CIAT has regional responsibility
for a commodity in which a sister
center has a global mandate, CIAT
applies its comparative advantage of
language facility, familiarity with the

conditions, and close working relations
with national agricuitural research
systems in the region to ensure that
the germplasm methodology and sci-
entific knowledge generated by the
sister center are most effectively util-
ized in tropical America. CIAT also
makes available these regional
advantages and its facilities 1o other
centers by hosting their staff at its
headquarters.

Within the CGIAR netwark, CIAT
surrently has ties in the form of per-
sonnel, projects, data, germplasm, sfc.
with seven of the other IARCs; some
initiatives are new and others, fong-
standing. Electronic links make com-
munications almost as simple as be-
tween departments within the center,

The ties among the IARCS have
expanded the expertise and resources
upon which CIAT can draw to support
national agricultural research sys-
tems-—the main partners in research.

Within the partnerships, CIAT can
perform some of the activities along
the continuum from basic research to
consumption; where it focuses its
efforts depends on the capacity and
programs of the countries involved. It
cooperates with the other participants
and attempts tG concentrate on areas
in which it has a comparative ad-
vantage. s aim is to achieve com-
plementarity.

The program activities and the
budget envisaged for 1989-1993 set
forth what is essential and what is
desirable for CIAT to continue con-
tributing effectively to the network of
international and naticnal centers
working for productive, sustainable
agriculture in the developing world.
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CENTERWIDE STRATEGIES AND ALLOCATIONS:
1989-1993

The plan written for CIAT for the 1980s
expressed its overall objective as
being:

To generate and deliver, in collab-
oration with national institutions,
improved technology that will con-
tribute to increased production, pro-
ductivity and quality of specific basic
food commodities in the tropics—
principally countries of Latin
America and the Caribbean—there-
by enabling producers and con-
sumers, especially those with lim-
ited resources, to increase their
purchasing power and improve their
nutrition.

No change from this general goal is
contemplated at this time. As part of
the strategic planning exercise for the
1990s, this statement will be re-
examined in the light of the current
situation, projected trends and any
concomitant changes in the Center’s
mission.

To reach our goal, we:

* Conductsharply focused research
to generate new knowledge, me-
thods and technology com-
ponents.

* Provide opportunities to individ-
uals in the national agricultural
research and development sys-
tems for enhancing their capabil-
ity to complement CIAT in the
generation and transfer of appro-
priate technologies,

* (Qrganize and promote interna-
tional and regional seminars,
workshops and conferences as
part of the activities to strengthen
networks and to share knowledge
and methods.

* Assist institutions involved in the
generation and transfer of im-
proved technology for commod-
ities with which we have
axpertise,

» Contribute where possible to di-
alogue between research institu-
tions in developed and developing
countries; between national re-
search institutions within regions;
and between various research
and development institutions
within countries.

* Preserve and make available
germplfasm.

* Provide continuity when research
efforts are likely to be abandoned
because of the poor fortune of the
executing institution.

The major program divisions in our
center are by commodity—bean,
cassava, rice, and tropical pastureg—
with support coming from the training
and communications program and re-
search units in agroecology, bio-
technotogy, virology, genetic re-
sources, and seed production and
testing.

Center stalf all seek technological
innovations that are not dependent on
high levels of purchased inputs and



that use efficiently whatever inputs
are apphed-—in line with the center’s
concerns for equity and the environ-
ment. Genetic resistance to insects
and diseases and development of in-
tegrated est management technology
help to reduce environmental pollu-
tion. Biclogical nitrogen fixation, se-
lection of plants that inherently use
nutrients more efficiently and that are
more tolerant of adverse soil condi-
tions are aimed at increasing produc-
tion without excessively depleting
natural rescurces. These ensure
access to the benefits of CIAT tech-
nology by farmers whose lack of re-
sources seriously limit the amounts of
inputs they can purchase. Work on
Pennisetum stakes grown on erosion
control terraces for use as supports for
climbing beans in Central Africa and
work on crop combinations and culti-
vation practices to prevent ergsion in
cassava production in Latin America
and Asia are examples of efforts to
preserve the natural resource base.

New techniques and inputs are
testedon farms ina series of trials that
systematically diminish researchers’
involvement in management while
stepping up farmers’ participation. The
approach ensures that inputs are kept
within the means of smatlholders, and
the center has been experimenting
with methods to expand the input by
farmers in the design of improved
technologies, This “"farmer participa-
tion research” has been regarded as
highly desirable as a means to incor-
porate farmers’ experience at an early
stage in the technology-generation
process. The results should put the
center in a better position to assist
national centers to get reliable infor-
mation from farmers—what they need
as waell as what they dowhen and how,
Qne senior staff position is set aside

for this temporary activity and is paid
for by a special project.

Probably the best example of low-
input/high-output technoiogy is im-
proved germplasm. All of CIAT's pro-
grams have produced—and continue
to produce in response to changing
conditions-—lines with increased yield
potential, resistance to insects and
diseases, and tolerance to environ-
mental stresses. The combination of
characters reduces risk and the need
for the applications of insecticides,
fungicides and other chemicals.
Farmers ali over Latin America and the
Caribbean grow varieties from lines
that were originally developed or dis-
tributed by CIAT. In addition, the
germplasm banks assembled at the
center represent a source of genetic
diversity and security for scientists
around the world.

The underlying philosophy is that
the research must be relevant;, the
quality must be excellent; and the
work must be founded on trust and
responsibility. From this philosophy
has grown the “"CIAT culture.” It
represents commitment:

* To our beneficiaries, the poor—
preducers and consumers—to
improve their welfare.

+ Toour national program partners,
to provide the elements they need
to develop and disseminate im-
proved preduction technology.

» To our donors, to manage effi-
ciently the resources they pro-
vide,

* To our employees, to create an
atmosphere conducive for them
to make a maximum contribution
to the center’'s mission and to
reward them appropriately.



* To society, to contribute to econ-
omic development in a manner
that improves human welfare and
dignity.

The center’s research and interna-
tional cooperation program has
evalved over the years in response to
continucus and rigorous analysis of
the strategies, activities and resources
required to meet its objectives; the
relative strengths and capacities of the
nationatl program partners; the con-
tributions from collaborating institutes
throughout the world; and resource
constraints.

Allocation of Resources

Alook at CIAT s allocation of resources
over the next 5 years (Table 1} dem-
onstrates the directions in which the
center is moving. For purposes of
clarity and simplicity, the activities of
the programs and support units have
been aggregated into three categories:
research, institution building and
networking, and management and
administration. The list of “"Candidate
Activities” approved by TAC for use in
allocation of resources fits easily into
these three major groups (Table 2). It
should be mentioned that one senior
staff position is allocated for the tem-
porary activity on “farmers’ participa-
tion research™ and is paid for by a
special project. As this is a centerwide
activity it is currently shown as a
“desirable’” position within the re-
search services component of the
budget,

In the overall projections, the costs
for centralized administrative services
and management remain fairly con-
stant while the programs’ activities
grow. This results in a decrease in the
percentage devoted to “management

and administration” and an increase
in “research,” with the percentage
devoted to “'institution building/
networking ' changing little.

The projected increase in the propor-
tion of research activities is caused
primarily by an expansion in speciai-
ized research 1o support national pro-
grams. Strong national programs now
take on some responsibilities previ-
ously carried out by CIAT and other
IARCs~a trend frequently referred to
as devolution. Most countries, for
example, do much of the breeding of
the crops and production training.
Simitarly, national programs are
becoming the leaders in setting po-
licies and deciding methods for ne-
tworking activities.

in looking to the future, we believe
the trend will continue and that na-
tional programs will gain recognition
and, hence, greater support from policy-
makers. The more skills that national
scientists have, the higher the level of
research backstopping that will be
expected from CIAT; and the greater its
role in linking groups for mutual
benefit and overall savings.

At the same time, the national pro-
grams will be under increasing pres-
sure to show an impact. The |IARCs
need to. be in a position to assist
national programs in building bridges
between research and technology
transfer institutions and in developing
national commodity plans. In other
words, on-farm trials, support for
trainers, utilization, marketing, etc. will
receive increased attention. CIAT has
begun to upgrade its capacity to pro-
vide support in these areas.

In sum, the national centers are
assuming more of the “midstream’”
functions (i.e., development of tech-

LD e g b



Summary: Resource Utilization by Activities

Tabhle 1

for the Years 1988, 1989 and 1983

1988 V8% 1993 1988 989 1953
ACYTI¥LYIES
% of Total CIAT % of Lategory
RESEARCH
Natural Resdurees 3.7% Iex & 4% 7.5 B 8.8%
Genetic Resources 5.4% 5.5% 4.8% 1.3% 11.3% 9.6%
Crop improvement 15.3% 15,08 13.5% . 30.8% 26.6%
Crop Frodet bon 7.2% 7.3% 7.0 15.6% 15.0% 14.0%
Lrop Praotection 4,2% 6.1% 5.0% 12.9% 12.5% 12,00
Livestock Production 3.1% 3.2% 2.9 &.5% 6.5% 7.8%
Anelysig 2.6% 2.6% % B.4% 5.63% £.2%
Utilization 0.35% G.6% i.0% 1.9% 1.2% &%
Exploratary Res. & Hethad, Develop. 3.7% &.2% 5.9% 7.7X 3.5% 11.8%
Analysis of Impect 0.3% o.3% 0.6% q.58% 0.4% 1.2%
TGTAL RESFARGH 48,0% 48,78 55.06% 100.0% 140, 0% 100.8%
INSTITUTION BUILDING £ NETWORKING
Training 12.0% 1.9% 12.0% pS S 36.8% 37.4%
Corfaramaes and Seminars 3.0% 3.1% 3.3% 9.4% 9.6% 0.3%
Bocumeritation & Informatfon 5.2% 5.3% $.2% 16.3% 16.4% 18.3%
Counset ing/hdvising NARS 5.5% 5.5% 4.5% 15.8% 14,4% 4. 1%
Technical Assistance 1.8% 2.0% 2.1% 5.6% b.2% b.6%
Network Loordinstion .75 & TX A% 14,7% %.6% 15.3%
TOTAL THSTIT, BUILE. & NETWORKING 32.0% x2.3% 32.0% 160.8% 106.0% 04,08
WANAGEMENT AKD ADMINISTRATION 20.0% 5.0 18.0%
Y &T AL S 100.9% A 0% 163.6%
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Table 2

Retation of Activities as Prasented in this Document
to List of "Candidate Activities'”

Activities as Presented by ([&Y

Activities approved by TAL

RESEARCH

Natural Resources

Genetic Resources

Crop improvesment

Crop Production

Crop Proteotivn
Livestock Production

Aratysis

Utitization
xploratory Resvorch &
Methodaiogy Development

Anaiysis of Impact
IRSTIRUTIOR BUILDTIRG AND HETWIRKING

Training

Conferences ard Seminars
Documentation & information
Counsel ing/Advising NARS
Technical Assistance
Network Cosrdinstion

5.

16.
11,

15,

Water Raregemeat Research

s0il Management & Tonservation

Research

Agrocl imatology Research

Germpl asm

8. Ressarch on gongervation &
divarsity

b, Coliection

¢. Comgervation, characteriza-
tion & documentation

d. Erhancement

e. Plant breeding/improvement

f. interpational trials

Seed Production

Crop Systems Research

fplant Nutrition Research

Machinery Research and

Pevelopment

Plant Protection Research

Livestock Systems Raesesrch

Crop-Livestock Systems Research

Livestock Mutrition Research

Economic & Sccial Analysis

at Ricro-tevel

Market Anaiysis

Policy analysis

Hutrition & Consumption Anal.

Conwersion & Utilization Res.

Research on Approaches, Lon-

cepts, Methods & Procedures

Explorntory Reseerch

2

Y I
R ch on ch

Human Resources Enhancement
a. Specialized courses

b. I!ndividuzl internships

c. f{egree-related
Conferences & Seminars
Pecumentation & Dissemination
Tounseling and Advising NARS
Technical Assistance
Coordination of Networks

NOTE: Not inclwled in above (isting are Activity #14, Livestock Disease
Research, and Activity #13, Livestock Reproduction Research, as CIAT

does not engage in these activities.



Table 3

Summary: Comparison beetwen Commodity Rasearch Programs in terms of resource
utilization by activities for the years 1988, 1989 and 1993

{Percent of rescurces spent by Commeodity Research Programs, plus resources
spent by Research Support Programs on bahalf of Cornmaodity Research Programs)

19 B & L - i g 1
TROFITAL REPILAL VROE DAL
GEANS DASGRVR RETLE  PASTIRES TOTAL BEANS CA0SAVE RI(E  PESTLHES TOTAL BEANT CASEAVA H3DE  PREVUGEY OTAL
RESEARDN 2 H * % % % z % z x ! % % % % %
Hatural Resourses 1% L 2.%% £.1% LT T4X 48R f.8% a0 I : 3K IR BR TER S A.s¥
orerio RELogroey 2.0 i85 5.7% .72 5.4 T IR 2.8% 1.7 3.5% tosn 12 L% M1 L4
{regh jomrnvenent 5.7% 2% 2.0% £.74 5 3 3% 3.8% 2.3% &.5%  15.0% & 4% 3.2% 31.5% 4 3% 1E.3%
frap Produsfion 2. T.4% 2.9% 2.2 7.Z% 2.8% 1.5% 13X 2.2% 7.3% 2.3% 7R SR .7 T8k
Lrop Rroteniion .31 AR 8.8 LR £.2% Z.i% 1.8 &R 1.2%  &.3% 2.%% A% DR TR 8.5
Ervasioek Proghaison ER R R ) 3 A% E% 0 S -5 3% 3.2% Flh - T < IR 6 R < 9 355 kR4
Apgivee 1,35 B o3 L8R TR B S 00 S L.8% 8% T0X G.Tx D SR 0.8% %
utrleaetion 0% K 05y ~EIE 4933 2.8%  24% 0K A% 6% 0.0% 1.0 -T.aN -0 1.5%
fxetnraiory § Meihwiology Levelopment LI SR ¢ N 4 % 3% .88 B8R n.eh L% S - 3 .t FICE SN 4 i s+
anaiysis of Jepat E9% 0 2y 0.8 0UE% £.1% 0 L% Lng £.% 0 .8 .22 LR LR L.EX BER

TR K, PESERRTH 34 5% LU0 1.7 @A A3.0% 15.7% F.E% 5.7% MEL RATR AL 3 &R 17 5% Sh.4N

TID9E BUIEDING B ALTWDREING

Trathing 4.48% £.3% 18X .78 E.0% 3% 8 1.8% J8% 0 1L R 2.9% .3 358 12.8%

]

]

Confarences &nd Semirarg A% O.6% §.6x o.v% LN LS NS 7.3% 4.%% 5.1 iR 8% 4% G.5% 3.8 i
Tommentaiion § Informetion 19K LR 2 1.8% BUEK 1.8 LI G.5% 56X 5.5% T.8% 1,28 DueE 1Bt 5.2%
ToinTe i Ing/AGISITG NARE ES - S 2.7% 1.6% B L S DO S N 4 1,68 BBX 153 1.3 0.5% Ten 45%
Technical Bssistance HB.TR 0.3% HE% hex 1.8% . 0.6 G 3% D.6% 2.04 g™ 0.5% 0.3% .ok a.1%
Hetwerk Ceprdimatien 1.7% 2.9% 0.4% 1.5% & TR VAR 0.9% G.TR 1.4% ¢4 1.9% 1.2% 0.5% 1.3 9%
TOTAL INSTIT. BUTLE . £ HETHORKING 11.8% £.1% [%e ] P 3R.L0% 1.3 6.0% L.B% 9.7 32.3% 11.9% T 308 P.2% 3Z.5%
MANAGEMES,T AND ADMIWISTEATION FLak 3.8%  Z.6% 6,25 H0.0% §.6%  5.0% 2.5% 5.7 0T S.8r AR 2. S8y 15.07
T P AL T 35,70 5.9 iy ek 10005 2Py SR L0 S E I 4 3205 DGL0R 32.5%  Z3ex 1tex 32.5% ML.ox




nology components), so CIAT wil si-
multaneously increase its activities at
both ends of the spectrum. in fact,
many current staff are gradually movy-
ing upstream by the nature of their
waork; and additional staff—for exam-
ple, two senior staff for the Biotech-
nology Research Unit, a second
breeder for the Cassava Program, a
utifization specialist in the Cassava
Program, and a senior person in the
Training and Communications pro-
gram—represent either increased so-
phistication in research or increased
strength inreaching the intended ben-
eficiaries.

During the next 5 years, the in-
vestment in research on natural re-
sources—agroclimatology and soil and
water management—will rise {Table
3}, and the real increass is greater
than the figures indicate for several
reasons. For example, the Cassava
Program has incorporated in its budget
aposition thatwas fundedin 1988bya
temporary special project. The position
is dedicated to work on soil erosion
and maintenance of soil fertility in
Asia and represents a new commit-
ment not reflected in comparisons
between 1988 and later years {since it
is included in the 1988 aggregate
datal.

Sustainability concerns are reflected
inthe increase in the category "natural
resources,”” but only to a very partial
extent. CIAT is committed to the chal-
lenge of increasing food production in
a manner that does not rob future
generations of the resources to attain
a high quality of life. This means that
all scientists-—breeders, agronomists,
systems specialists alike—are ex-
pected to conduct their research with a
sustainability perspective. Much of this
willbe donginthe "“crop improvement””

and “‘crop production” activities, Thus
trends to increase this emphasis will
he seen more within rather than
between categories of activities.

Through work on cropping systems,
erosion control, minimal tillags, nu-
trient recycling and soil fertility, CIAT
programs are striving to combat soil
degradation and environmental pollu-
tion. We are convinced that more
needs to be done in the future. A
number of the additions to senior staff
fall into this category; e.g., the land
systems geographer in the Agro-
ecological Studies Unit;, the agrono-
mist in the Cassava Program for Asia;
the production systems specialists for
the savanna and for the humid tropics
in the Tropical Pastures Program; and
the integrated pest management spe-
cialist in the Rice Program.

A modest decline is expected in
allocations to research on “genetic
resources” and is a reflection of re-
duced efforts in collection of germ-
plasm for tropical pastures, following
10 years of a concerted search. The
decline masks increases in collection
of wild species planned for the Bean
Program and increased efforts in col-
lection and evaluation projected for
the Cassava Program {Table 3).

Total allocations toresearchoncrop
improvement also show a slight de-
cline although the drop has been
largely oftset by the Cassava Program’s
increased activities to support crop
improvement in Africa {Table 3); plans
are to place one breeder in an Africa-
like ecosystem in Brazit and another at
ITA in Ibadan, Nigeria.

The set of activities related to utiliza-
tion is slated to increase modestly,
owing chiefly to the considerable
growth in utilization work projected for
the Cassava Program.



A slight upward trend in counseling
and technical assistance for national
agricultural centers reflects the con-
tinuing decentralization of all the pro-
grams, particularly Rice and Cassava.

The Bean Program is shown to
devote much more of its resources to

10

institution building/networking than
do the other programs (Table 3), es-
sentially as aresult of what it has been
investing, and will continue to invest,
in targe, regional programs that work
with national programs in Africa.
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Cost Assumptions and Financial Requirements

Essential and Desirable Activities,
and Considerations of Scale

Throughout the text and accompanying
tables, this document makes reference
to “essential’”’ and “desirable” activ-
ities. As proposed by TAC in 19886,
essential activities are the minimum
necessary for the Center to carry out
its mandate and meet its objectives in
research and interpational coopera-
tien. Desirable activities enhance and
complement essential activities; they
have high priority and high payoff
potential but are not strictly required.

Two important issues arise from
these considerations: how to distin-
guish between essentiat and desirable;
and the scale of activities projected.
These are interrelated, especially in
relation to senior staff positions. It is
not difficult to recognize certain activ-
ities or disciplines as essentigl com-
ponents of a multidisciplinary program.
What is barder to define is how many
senior staff in a given discipline are
needed to form a critical mass. That
must be answered by defining the task
to be accomplished. In CIAT's com-
modity programs, the essential scale
of activities chiefly reiates to the
geographic areas and/or ecosystems
that are essential in relation to TAC
priorities and the tenterwide strategy.
CIAT has defined essential positions
as those required to make up a critical
mass to cover the highest-priority re-
gions for CIAT's mandate commodities.
A narrowing of the geographic/eco-
system coverage would reduce the
scale and vice versa. Some of the
positions listed as desirable would
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permit CIAT to broaden its coverage to
areas where the commaodity i8 impor-
tant enough that such involvement
would be a good investment but are
less important than those covered by
essential positions. Other desirable
positions are more of the type to speed
up the rasearch or technology transfer
pProcess.

The issue of level of support givento
each senior staff member has to do
more with productivity and cost ef-
fectiveness than area covered. The
most appropriate pyramid of support
and the amounts of supplies/services
required vary from research program
to research program, depending on the
nature of the crop; and the amounts
assigned for local and international
travel vary with the research locations
and geographic coverage of the pro-
grams. CIAT is confident that the levels
of these types of support now altocated
to each program are near optimum, as
they have evolved over many years of
experience and intense budget
scrutiny, especiatly in particularty lean
years when CIAT chose to reduce the
number of senior staff {and thus cut
out entire subprograms) rather than
reduce the level of support below that
at which the valuable and expensive
resource represented by international
staff is fully utilized.

Basic Unit for Scale and Budget
Indications

Over the years, CIAT—as well as the
CGIAR System—has found that, at
least for research and related support



activities, the mostpertinent budgetary
unit is the senior staff position. They
are typically synonymous with re-
search sections, each devoted to a
disciplinary speciality and each con-
sisting of a full complement of profes-
sional and other support staff, as well
as operational resources. Essentially,
CIAT adds to, subtracts from, or mod-
ifies its research program by the addi-
tiorn, elimination, or transfer of discrete
research sections, each headed by a
senior staff. Thus a budget presenta-
tion largely based on senior staff po-
sitions/research sections allows for
ready comparison across programs as
well as over time. It also has the
advantage of pointing to the basic
program components that underlie the
management of the Center.

The Budget Request

Table 4 presents the budget request
for 1889-1993 in terms of the pro-
posed senior staffing pattern. {Table
4A shows a summary of all support
staff positions associated with essen-
tial senior staff positions; Table 4B
does the same for desirable senior
staff positions.} Table 5 shows the
proposed annual budgets for 1989 to
1993 in current U.S. dollars.

As there are existing donor com-
mitments for selected aspects of the
proposed budget, and as CIAT expects
to generate a modest income from the
sale of agricultural products and other
services it provides, the actual
amounts requested of the donors is
less than the totals shown in the
overall budget. Table 8 provides a re-
conciliation betwesen the budgeted
amounts and the amounts requested
of the donor community.
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Capital Qutlays

Under “Capital,” CIAT has included
projected needs for the replacement
of existing equipment/machinery and
the existing plant, as well as projected
needs for additional research equip-
ment/machinery and modest expan-
sions in infrastructure,

As is done in the area of operations,
the budget request for capital outiays
is presented along the lines of es-
sential and desirable components,

Essential Resources for Capital

Capital replacement: equipment/
machinery. instead of following a
capital depreciation practice, CIAT is
budgeting the cost for replacing exist-
ing research equipment, machinery,
and other nonbuilding related items
with replacement vaijue on an annual
basis. In late 1988 the total value of
such items amountad to some
US$13.5 million. Based on CIAT's
experience showing that the average
useful life of such items is ten years,
after which time some 20 percent of
the original cost of the equipment can
be recovered, the yearly cost for equip-
ment/machinery replacement is
budgeted at U5$1.08 million.

Capital replacement: major plant
maintenance. The total value of the
building infrastructure at CIAT bead-
guarters is approximately US$20
million. Some two-thirds of that in-
frastructure is 15 vears old. with the
remaindzr rather evenly distributed
between one and 15 years. Over the
years, CIAT has continually attempted
to keep its infrastructure in very good
condition to prevent sudden and large
expenses for the upkesp of its infras-
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Approved Senior Staff Positions for 1988, and Projected

Essential and Dasirable Positions for 1989-1893
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Approved Budget for 1988, and Projected Budgets for Essential Table ¢
and Desirable Activities for 1989-1993 (Constant 1988 US$)
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tructure. To continue this practice,
CIAT has budgeted an annual amount
of US$220,000 for this item.

New capital: research equipment
and machinery. CIAT s experience
shows that—within the context of try-
ing to strike a reasonable balance be-
tween very sizable requests for addi-
tional, new laboratory/research equip-
ment and other nonbuilding related
capital items on the one hand, and lim-
ited resource availability on the other
hand—a minimum of US$550,000 per
annum is needed for this item, With
the advent of ever more sophisticated
research equipment and the conse-
quent pressure on CIAT to remain at
least sormewhat competitive with other
agdvanced research institutions, this
amount is the minimum of the re-
quirements.

New capital: infrastructure devel-
opment. CIAT has reached a size at
headquarters that permits the Center
to plan for only minor expansions,
mostly only to accommuodate additional
visiting and permanent staff. For the
period 1989-1993, only the completion
of a laboratory/office space complexis
proposed (i.e., two additional modules
in a site prepared to contain a total of
three modules—of which one module
is already built). The cost per module 13
about US$180,000. One is proposed
for 1990, with the second module 1o
follow in 1992.

Desirable Resources for Capital

Additiona} needs for resources for
capital are in the following areas:

a. Advanced Research Equipment:
CIAT estimates thatifitistoequip
itself with the research/labor-
atory equipment that will keep it

at the forefronmt of applied bio-
technology research, the Center
can cost-effectively invest in
advanced research equipment on
the order of 115$400,000 per year
beyond the required minimum.

b. Scientitic and Administrative
Computing: CIAT is working with
two mainframe computers: an
1BM 4361 for scientific computing
and data bases to support the
research process; and an IBM
§/36 for administrative comput-
ing. Comgpared to other institu-
tions with the size and type of
mandate as CIAT's, these are
quite modest installations. Both
systams are rapidly approaching
the time when they need re-
placemant. Thus US$1.256 million
to meef the extra hardware re-
quirements of the Center is des-
irable.

¢. Infrastructure Development in
Carimagua: The complex opera-
tion at the Carimagua Research
Center in the savannas requires
an adequate infrastructure inthis
remote area. The station is in
need cof additional housing for
staff and training participants.
Also, the harsh physical envi-
ronment in the region puts a
heavy strain on the existing build-
ing infrastructure with conse-
quent needs for major mainte-
nance, CIAT proposes that for the
five-year period under consid-
eration, a yearly allocation of
USs$100,000 each for building
maintenance and infrastructure
development is desirable.

Adjustment for Inflation

All budgetary information in this
document is in current U.S. dollars.



The budgeted amounts for 1989 to
1993 assume an annual rate of infla-
tion of five percent.

The Budget Request in
Perspective

The graphic below shows the budget
request for 1983-1993 (essential and
desirable activities) and compares this
request to the approved budget for
1988, and comparable historical data
for 1985-1987. To facilitate compar-
ison, all figures are in constant 1988
U.S. dollars.
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The increase from the total set of
operations in 1988 (i.e., core and
special project resources) to the pro-
posed program in 1989 [essentiai and
desirable activities) amounts to
US$2 57 million,or 9 percent. The total
proposed subsequent real growth
durinig the period 1990-1993 is balow
4 percent.

The essential component of the
proposed 1983 activities incorporates
the core activities of 1988, a sizeable
{US82.22 million) portion of the activ-
ities labeled as special projects in
1988, plus selected new, high priority
activities. [The proposed essential
programfor 1989 is 13 percent higher,
inrealterms, than the core program in
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1988, but one percent below the total
set of operations in 1888 ]

The graphic below presents an area
graph of the proposed resource alloca-
tion by object for the period 1989-
1993, and compares this data with
actual resource allocation patterns in
1985-1988. Particularly noteworthy is
the fact that the modest growth in the
overall program is restricted to the
research and international cooperation
activities, with administration and
general operating costs being kept
level.
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The graph below shows that, in
recent years, most of the growth in the
number of senior staff positions has
been away from headquarters {i.e.,
cutside of Colombia). As demons-
trated, this trend is projected to con-
tinue.
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With the projected slight growth in
senior staff positions, and a less than
proportional expansion in administra-
tive and other support services, the
cost per senior staff position is de-
clining gradually. As the graph below
shows, this trend has heen in effect in
the past, too. While in 1984 the cost
per senior staff was close to USS5400,
000, this cost was reduced by 25
percent in 1988, and is projected to
diminish further during the 1989-1993
period.
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COMMODITY RESEARCH PROGRAMS

Bean Program

Beans are the most important food
legume for over 300 million people in
Latin America and the highlands of
eastern and southern Africa. Beans
are the leading source of protein for
over 100 miilion of the poorest of the
poor whose diets otherwise consist
principally of low protein starchy
staples (e.g., cassava, yams and
plantains).

Despite the nutritional importance
of beans, growth rates in production
have been declining throughout Africa,
Brazil and the Andean region; and
pepulation growth is cutstripping bean
production growth in ail these regions,
with associated dire implications for
the nutritional status of the poor.
Moreover, the slow increase in bean
production that has been achieved has
been due almost entirely to area
expansion, which can not be long
sustained, especially in Africa. Con-
sequently, productivity-increasing
technology is urgently needed.

Beans are generally produced
without irrigation on poor soils by
semi-subsistance farmers, many of
whom lack the resources to use fertil-
izer or crop protection chemicals. To
generate technology appropriate for
these poor farmers, the Bean Pro-
gram’s research strategy focuses on
improved disease and pest resistance
as well as adaptation to acid and low
phosphorus soils. The program also
conducts research to improve heang’
contribution to soil fertility through
increased nitrogen fixation.

This strategy of emphasizing genetic
improvement without requiring ad-
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ditional inputs, both keeps new tech-
nology well within the reach of poor
farmers and feads to more sustainable
systems due to the avoidance of eco-
logically disturbing agrochemicals.

New bean technology has to be tar-
geted to fit highly varied cropping
systems that are adapted to lgcal con-
ditions, as well as meet strong local
consumer preferences for particular
grain types. Oniy strong national pro-
grams are able to respond to farmers’
needs for such location-specific tech-
noiogy. Consequently, training and
networking are crucial Bean Program
activities that strengthen national
program capacity tg insure that new
technologies reach poor farmers as
quickly as possible.

Program Activities

Program activities are oriented to
maxtmize complementarity with other
institutions. While national agricui-
tural research systems have a com-
narative advantage in location-specific
adaptation research and developed
countryresearch institutes have a com-
parative advantage in basic research,
the Bean Program concentrates on
applied research of broad applicability
and undertakes basic or adaptative
research primarily to fill in gaps not
covered by others. The major Program
activities are research, fraining and
networking.

Genetic improvementis the principle
research activity of the Program. Prior-
ity is placed on improving disease and



insect resistance, as well as on toleyr-
ance of drought, low phosphorus and
acid soils, improved nitrogen fixation,
early maturity and yield potential.

Sources of these desired characters
are ohtained from the CIAT germplasm
bank, which with 40,000 accessions is
the world’s largest collection of Pha-
seolus vulgris, and also includes
related species and wild ancestors.

Genetic improvement is organized
first around 22 projects to improve
characters such as resistance to an-
thracnose or drought or ability to fix
nitrogen. Breeders work closely with
disciplinary specialisis {for example,
pathology, physiology, microbictogy}in
each of these projects. Multiple
characters from these projects are
combined for eight distinct grain clas-
ses and are made availabie to national
programs as fixed lines or segregating
populations through international and
regional nurseries.

improved managementpractices are
developed to accompany new germ-
ptasm or to soive problems not
amenable to genetic solutions. This
research, which is carried out fargely
in cellaboration with national pro-
grams, is mainly conducted on farm.
This has led to the development of
technologies like the combination of
zero tillage with tolerant varieties to
raduce losses from web blight in
Central America.

information and research skills are
transferred to nationa! programs both
through collaborative research pro-
jects and through formal training.
Emphasis is placed on strengthening
the skills of mid-career professionals
through workshops, shortcoursesand
internships. Training in on-farm re-
search is now receiving major atten-
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tion to improva research planning and
technology evaluation. Much training
is conducted through in-country or
regional courses where participants
develop work plans for future activities
as part of the training experience.

The program promotes regional re-
search networks formed around
common problems, with each network
member specializing in a specific pro-
blem. For example, in the Great Lakes
Network, Burundi specializes in halo
btight, Rwanda in anthracnose, and
Zaire in angular leaf spot. The best
materials from each country are
shared through regional nurseries.
Individual national programs often lack
the resources to solve all the problems
that their farmers face; but by pooling
efforts across countries, all problems
can be effectively researched.

Networks have been formed in Cen-
tral America. the Andes, East Africa,
Southern Africa and the African Great
Lakes, as well as in Brazil and the
Southern Cone. Most networks have
annual meetings to exchange resulits,
regional nurseries to distribute germ-
plasm, and a steering committee to
coordinate activities of mutual interest.
Exchanges at the continental and
world level are maintained through
periodic workshaps, international
nurseries and publications.

The Bean Program has formed a
critical mass of scientists at head-
quarters to cperate as a tightly knit
multidisciplinary research team. Out-
posted staff both in Africa and Latin
America complement headquarters
research by supporting national pro-
grams in their adaptive research.
Training and network coordination are
as important as research for outposted
staff. Headouarters staff are involved
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in training and networking, but they
give prigrity attention tp research,

Currently, three breeders at head-
guarters have responsibility for 22
projects in character improvement, re-
presenting B separate grain classes
and corresponding to regions where
the characters are particularly rei-
evant.

A pathologist and scientists from the
Virology Research Unit at headquar-
ters conduct research on diseases
such as bean common mosaic virus
{BCMV), rust, anthracnose, angular
leaf spot and common bacterial blight,
which are distributed woridwide. Pa-
thologists stationed in Rwanda and
Tanzania support African nationals
and assist in germplasm evaluation.

The headquarters-based entomol-
ogist works on pest problems of world-
wide significance {such as leaf
hoppers, bruchids and whitefly}, as
well as on the ones purely in Latin
America, such as bean pod weevil. The
Africa-based entomologist is primarily
concerned with conirol of the beanfly,
the worst pest of beans in Africa.

Increased biological fixation of ni-
trogen is a low-input, sustainable
technology that can contribute subs-
tantially to nitrogen availability. A
headquarters-based microbiologist is
identifying characteristics that can be
used in bean breeding, as well as
working closely with breeders in de-
veloping methods of screening for
improved nitrogen fixation. Rhizobia
strains are also being screened for
effectiveness and competitiveness.
The results of this research are being
tested in Africa and Latin America by
forming a network in which previously
isolated microbiologists are encour-
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aged to work closely with plant
breeders and agronomists.

Strategic research on yield phys-
iology, earliness and drought mech-
anisms is undertaken to guide
breeders seeking genetic improvement
for these characteristics. Priority is
given to identifying traits that can be
useful to breeders selecting for yield or
drought. Thisresearchis carriedoutby
the headgquarters-based physiologist.

A high proportion of beans, both in
Africa and Latin America, are produced
on heavily weathered acid soils with
low phosphorus availability and high
levels of aluminum. Continued
strangthening of physiology work, by
temporary, postdoctoral or visiting
scientist staff, will be required for a
few years to identify traits useful in
breeding superior bean genolypes in
order to optimize sustainable bean
productivity in these low-fertility soils.
This research will intagrate whole-
plant nutritional physiology with soil
fertitity and chemistry, and will be
closely coordinated with research on
rhizobial symbiosis.

In agronomy, the major emphasis is
the on-farm testing of new lines for
adaptation to farmers’ current crop-
ping systems. Research is also carried
out on improved cultural practices and
intensified cropping systems. Because
the research is location-specific,
agronomic staff must be decentralized
1o be effective in providing feedback to
CIAT and in training national per-
sonnel. Agronomists for the Bean Pro-
gram are posted in Brazil, Ethiopia,
Guatemala, Tanzania and Uganda,
while two headquarters-based agron-
omists are responsible for efforts in
South America and for coordinating
international yield trials.



Studies of farmers’ production sys-
tems, resources, problems and objec-
tives are critical as are studies of
consumer preferences for new grain
types. Socioeconomists participate
with agronomists in on-farm evalua-
tion of new technologies and are res-
ponsible for generating feedback on
the adoption of new technology. A
headquarters-based economist works
with national programs to monitor
adoption of improved technology and
provides input to the setting of re-
search priorities in Latin America; an
economist and an anthropologist have
been posted to Africa to support farm-
level evaluation of technological al-
ternatives.

Resource Requirements

No change in numbers of senior staff is
envisaged ot headquarters during
1589-1993, but outposted staff now
being funded in special projects are
classified as essential. (Tables 7 and
8).

Currently four positions in East
Africa {funded until December 1390j
and five positions in Southern Africa
{(fundedtill August 1981) are supported
by the Canadian Internationat Devel-
cpment Agency (CIDA} and the US
Agency for International Davelopment
{AID). These positions have been ins-
trurnental in setting up the operations
in Africa.

African operations are organized
into three regional networks that typify
agroecological conditions, production
problems, institutions and language.
The Great Lakes network focuses on
the Central African highlands, where
plantain/bean systems predominate
in Francophone countries. The East
African natwork focuses on the area
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north of Lake Victoria, where both
plantain/beans and maize/beans are
widely grown. The Southern Africa
network comprises the couniries of
the Southern African Development
Coordinatior Conference {SADCC],
where maize/bean systemns predom-
inate.

Research, training and networking
are coordinated on a continental basis
by an all-Africa coordinator. Staffing is
also planned on a continental basis
with, for example, one entomologist
working across the three networks.
Because of agroecological and pro-
duction system differences among the
regions, each has been assigned a
breeder and a cropping systems
agronomist.

A significant commitment of scien-
tists is essertial in Africa in the short
term to build the program’s knowledge
of African bean production; to stimul-
ate bean research In national pro-
grams; and 1o provide support during
advanced training of national per-
sonnel. in the longer term {i.e., 1994
and onward}, the Bean Program en-
visions that the three regional ne-
tworks will each comprise a breeder/
germplasm specialist, a cropping sys-
tems specialist (agronomist or socio-
economist), with two additional spe-
cialized disciplines [e.g., pathology,
entomology) to serve atl of Africa
focated with one of the three programs
as appropriate, This framework would
provide both effective support for sach
of the agroecologically distinct regional
networks and 3 fully integrated mul-
tidisciplinary team at the continental
tevel,

The positions for on-farm agro-
nomists in the Andean Zone and Cen-
tral America will be shifted from es-
sential to desirable by 1983, since by
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Bean Program: Approved Senior Staff Positions for 1988, and
Projected Essantial and Desirable Positions for 1989-1993
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that date major production problems in
principal systems in these regions
should have been identified, and na-
tional programs should be capable of
assuming responsibility for these ac-
tivities. The changes will mean a sig-
nificant drop in crop systems research
{Table 9), with remaining activities in
this area for Latin America being
handled by a single headquarters-
based cropping systems agronoemist.

Resource utilization by activities is
expected to change due te increases in
national program capacity, especially
in Latin America (Table 9). CIAT va-
rietal development efforts wiil decline,
freeing up additional resources for
exploratory application of nevw genetic
manipulation technigues emerging
from the CIAT bictechnology unit.

Greater emphasis will be placed on
specialized advanced training, but
there will be a gradual reduction both
in training courses and in advisory
services to national programs as these
activities become iess needed by the
most developed national programs in
Latin America.

While activities in institution build-
ing, cropping systems research and
breeding are projected to decline be-
cause of the increased strength of the
naticnal programs in some countries
of Latin America, increazsed attertion
will be devoted to several areas. More
efforts will go inte exploratory up-
streamresearch. Greater attention will
alsobe paid to natural resource issues,
especially the maintenance of so0il
fertility in intensively cropped small
farm hill systems, both in Africa and
Latin Ameriga.

Expanded efforts witi be madetotap
the potential of the wild progenitors
and ancestors of the common bean
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being collected by the CIAT Germplasm
Resources Unit. With progress in the
development of improved disease re-
sistant germpliasm, plant protection
research will focus increasingly on
integrated disease and pest man-
agement strategies. Studies moni-
toring the impact of new bean preduc-
tion technologies are also expected to
increase over time.

As work on character improvement
of dry beans diminishes, breeders may
intensify eiforts on the improvement
of snap beans {edible pods). Prelimi-
nary socioeconomic assessment sug-
gests that this crop 4s increasing
dramatically in the tropics, leading to
bath improved nutrition for consumers
and income-earning opportunities for
farmers.

To date, program activities have
been modest in West Asia and North
Africa; but an expansion in coverage of
this ecologic area is considered de-
sirable as Turkey (162,000 t/year),
Iran {98,000 t) and Pakistan (60,000 1)
are refatively large producers during
the warm season. Production figures
do not inciude snap beans, and con-
sumption in this form is common. The
scientists would be stationed at the
Grain Legume Program of ICARDA,
which conducts research on winter
tegumes-—chickpeas, lentils and broad
beans—in the region.

Expected Benefits

The diffusion and impact of new bean
technologies are routinely monitored
by economic studies conducted in
cooperation with national researchers
in Latin America and Africa. Based on
these data and on published secondary
sources, total benefits {i.e., the value
of the increased production brought



Table 9
BEANS

Resource utilization by activities for the years
1988, 198% and 1993

1983 1989 1993

RESEARCH X X X
Hatursl Resources 1.3 1.5 2.3
Genetfc Resources 2.1 2.3 3.5
Genetic Improvement 22.1 21.6 18.8
Crop Protection 1.2 11.4 12.2
Plant Nutrition 6.1 6.1 5.1
Cropping Systems 12.5 12.3 9.8
Econcmics, Marketing & Policy 1.3 1.3 3.6
Analysis of Impact 0.8 0.y 1.7
Exploratory Research b 9% 3.5 7.3

TOTAL RESEARCH 625 62,9 653

INSTITUTION BUILDIHG & HETWORKING

Training 13.2 13.2 12,7
Conferences and Seminars 2.3 2.2 2.2
Documentation & information 2.2 2.2 2.2
Counseling/advising NARS 11.2 1.0 9.6
Technical Assistance 1.5 1.4 1.8
Hetwork Coordination 7.4 7. 7.0
TOYAL INSY, BUILD.& NETWORKING 37.5 37.1 3.7

TOTALS 100,86 00,0 100.0




about by new varieties) amounted to
US$41 miliion in 1987. If only haif of
these benefits derived from CIAT's
efforts, the benefit/cost ratio to CIAT
investment in bean research was 2.8
in 1987, In Latin America CIAT bean
research had a benefit/cost ratio of
6.3, while in Africa, where activities
started only in 1983, the ratio was (.4.
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Projections based on new varieties
atready in seed muitiplication and on
the rate of adoption of previously
released new varielies {b8%) suggest
that total benetfits from the CIAT
network bean research will reach
USS68 million in 1993, with a ben-
efit/cost ratio of 6.8 in Latin America
and 1.4 in Africa.



Cassava Program

The Cassava Program at CIAT is part of
a global network dedicated to im-
proving the welfare of producers and
consumers of the fourth most impor-
tant source of carbohydrates produced
within the tropics. The program has
recently gained impetus from demand
studies that were accelerated on the
recommendation of the TAC.

The studies were launched because
of uncertainty about the role of cassava
in the development process in the
Third Worlid in the upcoming decades.
World production of cassava is 130
million t, the vast majority of which
comes from small farmers’ fields in
Africa {41%}, Asia {37%) and Latin
America{21%]; but changing economic
circumstances in the Third World, par-
ticutarly the tendency toward urban-
ization, have caused reductions in per-
person consumption. In many devel-
oping countries, the potential of
cassava to generate employment and
income in the rural sectof has not
been recognized, and government po-
licies have either favored imported
grains or subsidized local grain pro-
duction.

The demand studies demonstirated
that cassava can successfuilly compete
in many different markets. Further-
more, the studies clearly showed the
particular role thatcassavacanplayin
the marginal agrociimatic zones that
were left largely untouched by the
Green Revolution. In these areas, it is
one of the few alternatives available to
resource-poor farmers and one of a
limited number of crops for which
research strategies can be directed to
benefit the poor. Because of the low
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resotrce base of the producers and the
poor infrastructure in these areas, the
production and processing systems
that are developed musthe simple, low
cost and self-sustaining. In other
words, they must ingorporate post-
harvest hand!ing technology and pro-
duction systems based on improved
varieties, biological control, erosion
control, approprigte fertilization and
artisanal seed production.

The fact that cassava is unique to
the tropics has had—and continues to
have--a profound effect on the organ-
ization and structure of cassava re-
search. In developed countries, the
amount of research done on cassavais
very modest, and mostof itis the resuit
of collaborative projects developed
with{ARCs. Basic research onthecrop
is very recent in comparison with grain
crops and mostly dates from the incep-
tion of the IARCs. Basic research is
essential for sound applied research,
and the centers working on cassava
will continue to ensure the existence
of research that increases knowiedge
on the crop. Analysis of various cas-
sava-based development projects
indicates that success depends on
integration of production, processing
and marketing. Hence, the research
strategy must also deal with the
complets system for the commodity.

Within this context, CiAT's Cassava
Program is well positioned to have the
global mandate for the crop. It is
located in the center of origin of
cassava and of the pests and diseases
that have coevolved with i1. It can
collect and distribute germplasm,
evaluate potantial end uses, screen for



resistance in its collection, and search
for biological control agents that can
be used worldwide, realizing eco-
nomies of scale not possible else-
where.

Objectives

The Cassava Program pursues several
objectives:

* To develop basic components of
production technology for sus-
tainable cassava-based cropping
systermns with low costs per unit
putput,

* To investigate practices that
enable cassava to be grown and
sustained on underexploited
lands.

* To develop technigues for pro-
cessing cassava into a low-cost,
high-quality convenient food.

* To combine technologies that are
cost-competitive in production
and processing and that improve
the growers’ incomes while gen-
erating employment for others.

+ To reduce the share of costs at-
tributable to marketing.

* To stimulate the growth of mar-
kets that provide a stable price for
the raw material.

* To assist in the development of
novel uses of cassava.

» To increase the percentage of
produce that is finaily consumed.

+ To encourage other agencies to
contribute to cassava research
and development,

* To support national programs
carrying out cassava projects.
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Giobal Research

Under the program leader at CiAT, the
researchers at headguarters under-
take basic and applied investigations
that are not location specific. The aréas
of endeavor addressed by the interdis-
ciplinary team inciude;

* Assembly of a basic body of know-
iedge on the crop. An example is
the recent discovery at CIAT that
cassava possesses an interme-
diate C3/C4 pathway. This opens
up possibilities for manipulating
variation to obtain varieties with
enhanced productivity and water
use efficiency suitable, for
example, in drought-prone areas
of the Sahel in Africa.

* (Genetic conservation and im-
provement. Over the [ast decade,
CIAT collected and evaluated
more than 3000 germplasm ac-
cessions and tens of thousands of
different genotypes of cassava.
These have been used to buiid
gene pools adapted to each of the
different ecosystems. The pro-
geny from crosses made at CIAT
are tested by more than 20 coun-
tries and the best of the lines have
been selected and released as
varieties. This etfort will continue
in the next 5 years. Over the
longer term, the program will look
at improved breeding methods
based on new techniques. Anther
culture, for exampie, couldlead to
the planting of cassava from true
seed rather than vegetative ma-
terials.

* Integrated disease and pest
management. Screening methods
for bacteriai blight and super-
elongation disease are now rou-
tinely used by breeders. In the



future, the team will focus on
methods to screen for resistance
to more elusive diseases that
reduce early vigor and germina-
tion and cause root rots. Screen-
ing techniques for mites were
developed in the last b years;
however, routine methods to
screen for mealybugs do not exist
and are being investigated. Host
plant resistance will be com-
plemented by biclogical control
and management practices of the
crop.

« Appropriate cassava production
systems, Past efforts concen-
trated on the componenis of pro-
duction systems, such as quality
of planting material, pest man-
agement and control of root rots.
This approach proved successful
in countrigs committed to in-
creasing cassava productionon a
large scale. For example, Cuba
applied the components in a
package called the Colombian
system and has guadrupled pro-
duction while reducing costs,
Present and future efforts are to
fit the components into sus-
tainable cropping systems, which
are inherently location specific.
Erosion and declining soil fertility
affect alf areas where cassava is
grown under marginal conditions
and thus are particular focuses of
this effort.

improved rootquality. Quality char-
acteristics of the roots differ for
the many end uses of cassava. For
example, cooking quality has ras-
tricted the use of new high-
yielding varieties for food con-
sumption in Latin America and
southernindia, and high contents
of dry matter are essential for the
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expanding animal feed and starch
markets, in Southeast Asia and
Latin America. Little is known
about the nature of differences in
guality. This makes screening and
selection not only slow but also
haphazard. Screening must be
made systematic and must be
based on CIAT s world germplasm
collection. inthe next b years, this
research wiil be carried out in
conjunction with agencies such
as ODNRI{Overseas Development
Natural Resources Institute) that
have expertise in this field.

New products and alternative
markets. People’s habits, life-
styles and the products they pur-
chase are changing in the devel-
oping world, and new markets are
continually emerging. The Cas-
sava Frogram identifies likely
markets for cassava-based pro-
ducts and uses the information in
development of new varieties and
processing. Past studies, for
example, indicated the market for
¢cassava as food in urban areas
could be rejuvenated if the peris-
hability of fresh roots were re-
duced. Present eftforts are con-
centrated on the market for high-
quality flours.

Improved preservation and pro-
cessing. Asian drying techniques
adapted by CIAT 1o Latin Amer-
ican conditions are now being
used on a commercial scale in
Mexico, Panama, Cuba, Colombia,
Ecuador and Brazil. In Colombia
at least 50 commercial plants—
mostly owned by smallholders’
associations-—have brought ben-
efits to more than 4000 small
farmers. A recently developed
technology converts fresh roots



into a convenience food and is
now being used commercially in
Colombia and Ecuador, In future,
emphasis will be on refining the
techniques for conserving fresh
cassava and on developing the
technology for producing high-
quality flours,

*» The policy environment for cas-
sava, CIAT can assist national
programs in analyzing the pos-
sible effects of policy decisions on
cassava, the information it col-
lects can be used by national
policymakers to facilitate their
assessments of benefits and dis-
advantages of options.

The results of these and other ac-
tivities are integrated intc ongoing
collaborative research in the regions
of Latin Amaerica and the Caribbean,
Africa and Asia.

Regional Programs

in Latin America, the demand for
cassava still relies chiefly on food
markets, and the price has masked
incentives to invest in processing cas-
sava for other uses, especially for
animal feed. To overcome this cons-
traint to expansion of cassava markets,
CIAT has encouraged the formation of
integrated projects.

Such projects are now in motion in
Colombia, Ecuador, Mexico, Panama
and Brazil. The projects are run and
managed by the national programs.
CIAT s role is to assist and give tech-
nical advice. The work is paid for by
bilateral funds or, as in the case of
Colombia, by the government.

The integrated projects include study
of possible markets, potential produc-
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tion sites, identification of appropriate
processing technology, andthe setting
up of piiot projects to evaluate the
feasibility of the integrated systemns.
The approach is proving successful in
credating a demand for cassava pro-
ducts, which in turn stimulates the
demand for new production tech-
nigques. In Mexico, cassava farmers
who produce for the animal feed in-
dustry use, almost exclusively, CIAT
varieties and production packages
passed to the national program for
adaptation to local conditions. In
Colombia, the clone Manihoica P12
tested by CIAT and ICA has now been
released and is spreading rapidly along
the North Coast. The farmers who are
adopting accompanying management
practices are members of the drying
cooperatives who have a guaranteed
outlat for their produce. Most countries
producing cassava in Latin America
are requesting similar assistance,

CIAT’s strategy in Africa is to com-
plement cassava research being un-
dertaken by the IITA, which has re-
gional responsibility for the crop. The
area planted to cassava in Africa has
increased during the last 20 vears—
from B.7 million ha in 1961-1965 to
7.5 million ha in 1984-1986. {iTA is
seeking to develop stabie, intensive
production systems in the humid tro-
pics where demographic pressures are
increasing and the fatlow periods for
the regeneration of the land are be-
coming short. In the drier areas, cas-
sava is being grown increasingly be-
cause of its stable yields under spo-
radic, uncertain rainfall. CIAT will be
expanding its capability to provide
input from Latin America and will be
increasing its efforts within Africa in
full coliaboration with HTA.

The utility of the research base in



Latin America has already been dem-
onstrated: It has proved critical to
efforts by lITA to establish biological
control of the mealybug and to broaden
the genstic base of their breeding
pragram. Similar experience is ex-
pected in the development of gene
pools for particular ecosystems in
Africa. For example, most African ma-
terials were griginally introduced from
the wet littoral zones of the Americas
to the humid coastal areas of Africa;
hence germplasm well adaptedto drier
areas is probably underrepresented.

One source of input that has not
been tapped sufficiently is Brazil,
which not only is the largest cassava
producer in the world but also posses-
ses the greatest genetic variability in
rnumetrous production systerms and di-
verse ecologies. The genetic materials
selected by farmers over hundreds of
years in the semiarid northeast offer
potential as the basis for developing
lines suitable for the drier areas of
Africa. Similarities in the climate are
clear: rainfall is sporadic, often lasting
for fewer than 4 months in the vear
and totaling less than 700 mm. CIAT's
role is to increase the flow of such
germplasm to Africa, wherg it can be
tested and adapted locally.

in addition, IiTA and CIAT are
working with the national agricultural
research systems in Africa and are
developing an agroeconomic study on
which to build a coherent research
strategy for the continent. The first
step is to obtain data on present pro-
duction, processing and marketing
systems. Then it should be possible to
assess the potentiai for producing cas-
sava in new areas and the changes in
demand as well as postharvest aspects
such as the use of cassava leaves. The
studies are expected to take 3 years.
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The results will serve as a basis for a
coordinated pian for the IARCs and will
be passed to national policymakers
and planners,

Similar studies have been compieted
by CIAT in Asia as well as in Latin
America. The initial phase focused on
the potential demand. Findings were
that cassava is increasingly being
planted in dry or sparsely populated
areas such as the outer islands of
indonesia and the dry areas of nor-
theast Thailand and tropical India. Itis
being replaced by more lucrative al-
ternatives under better conditions in
South India, Malaysia and Java, The
overall trend, however, is a demand-
led increase. A multiple market struc-
ture for cassava has already developed
in most of the region, and these mar-
kets can absorb large increases in
production. If prices can be fowered,
new markets are poised to come on
line, Hence CIAT's efforts are directed
toward establishing an effective cas-
sava production research network. The
structure of that network was dis-
cussed at a workshop held in June
1984 {see Cassava in Asia, Its Poten-
tia! and Research Development
Needs) and is considered a means to
incorporate cassava into the devel-
opment of upland areas in the region.

In Asia, the macro-level demand
studies can now branch into the mi-
croeconomic scale: an evaluation of
how new technology will fit into the
intricate cropping patterns of the
region and an identification of cons-
trainis to the adoption of new tech-
nology, including methods to process
the fresh roots. Atpresent the available
processing technology is relatively
efficient and is not seen as an im-
mediate constraint. Any new methods
developed at headquarters will be



transferred to Asian national programs
through training and conferences.

The Global Network

The Cassava Program’'s activities
include informing a global network of
individuals in national agencies
working on cassava; research institu-
ticns in developed and developing
countries working on cassava; and
international and regional agencies
with an interest in the furtherance of
the crop. This large and amorphous
group is heid together by the cassava
newsletters, the information/do-
cumentation service on cassava,
workshops and conferences, and
frequent, nonsystematic contacts
between and among members,

Special networks have been organ-
ized around problems and by specialty.
One example is germplasm testing
and evaluation. At present, sexual
seed, originating from elite germplasm
pools in Colombia, is distributed ac-
cording to agroclimatic zone. To facil-
itate exchanges, CIAT is working with
national cassava programs in Asia to
establish similar gene pools and is
planning them in Brazil, where many
varieties have been selected for high
and stable yields in dry areas.

Another example is research on pro-
cessing, which, particularly in Asia, is
often conducted in specialized centers
outside national cassava programs,
Under these circumstances, CIAT can
assist by facilitating information
sharing. The same is true in Latin
America, where it links groups under-
taking integrated projects on cassava.

While the Cassava Program seeks to
be instrumental in the efficient func-
tioning of these networks, it also seeks
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horizontal exchange of ideas, germ-
plasm and technologies so that it does
not necessarily become the focal point
of the network.

Resource Requirements

This approach to the network parmits
the program to maintain a relatively
small but effective team at head-
quarters {Tables 10 and 11). Resource
restrictions have limited outposted
core staff, and the positions being
requested are principally to sirengthen
regional programs.

A look at how many senior staff are
dedicated to work on cassava and
what they are doing clarifies the pro-
jections.

At present, the program has one
breeder at headquarters who has res-
ponsibility for developing germplasm
resources for the humid and subhumid
lowland areas of Latin America and
Asia. Another breeder is working in
Asia. At headquarters, an additional
breeder is needed to apply new tech-
niques that the Biotechnology Re-
search Unit is developing for cassava
improvement and to collaborate on
activities at lITA. Also, this scientist is
expected to concentrate on the in-
termediate-altitude tropical highlands
and the subtropical ecologies, which
are not well represented in the CGIAR
system. The position is regarded as
essential because an estimated 15-
20% of the world's cassava is produced
in the subtropics and 18% of African
cassava is planted inthe intermediate-
altitude highlands. A breeder is also
regarded as essential in Brazil to ca-
pitalize on the rich local germplasm
andto develop poois for transfer to the
dry, jowland areas of Africa.



Cassava Program: Approved Senior Staff Positions for 1988,

and Projected Essential and Desirable Positions tor 1989-1993
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Cassava Program: Approved Budget for 1988, and Projected
Budgets for Essential and Desirabie Activities for 1989-1883
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To carry out their tasks effectively,
breeders work closely with a phy-
siologist at headquarters who is
studying the C3-C4 intermediates, the
mechanisms responsible for reactions
to water stress and low fertility, and
the potentjal for variation in pho-
tosynthetic capacity as a means io
improve productivity of the crop.

A pathologist at headquarters is
studying bacterial and fungal diseases
of the crop, the design of integrated
disease control methods, and means
for the safe and efficient international
transfer of germplasm,

An entomgologist at headquarters
assists the intercenter effort to iden-
tify, rear and distribute insects for
biological-—and hence sustainable, low-
cost—controt of cassava pests. In ad-
dition, attention focuses on germplasm
evaluation for pest resistance and
tolerance as a basic input into germ-
plasm improvement.

Three other headquarters-based
staff-—an sconomist, cropping system
specialist and utilization specialist—
now share responsibility for assisting
and linking integrated projects in Latin
America and the Caribbean. While the
procedure is straightforward, its
execution is complex and the number
of integrated projects is expected to
increase in coming years.

The CIAT “integrated projecis team”’
will provide continuity and will stimul-
ate national agencies to develop their
own such projects. The agronomy
input on this team is geared to as-
sisting national programs in devel-
oping sustainable cassava-based
cropping systems,

Special attention is given to ensuring
that crop management practices such

38

as erosion control, biological control
and production of high-quality planting
material are incorporated into these
systems. The aim is to ensure stability
of production over thme without de-
grading the natural resource base for
production.

The staff will be able to devote atten-
tion to these expanding projects be-
cause of plans for additional staff in
each of their specialties. The
economist currently at headguarters,
besides being part of the "integrated
proiects team,” will be closely as-
sociated with the HTA-CIAT agro-
economic studies planned for Africa
and will liaise with the team of four
economists employed by UTA for the
3-year project. A regional economist
will be sought for responsibilities in
Asia—someone who is familiar with
the intricate cropping and processing
systems there and who can coordinate
the microeconomic studies. A regional
agronomist, already funded on a
special project, is projected as es-
sential in Asia to assist national pro-
grams in their search for measures to
control soil erosion and nutrient deple-
tion, which are major concerns in the
intensive cropping systems of Asia.

A new utilization specialist is ex-
pected to ioin the one at headquarters,
who will continue to focus on the
engineering and logistical aspects of
gassava processing and two will col-
faborate with lITA to adapt or develop
methods for use in Africa. The new
utilization specialist is projected for
work on quality characters of cassava
roots for various end uses. Collabor-
ating with breeders, this scientist will
establish guidelines for techniques to
measure root quality rapidly. The
techniques will then become a routine
pait of the breeding program.



The two utilization specialists wili
also work with CIAT scientists pur-
suing improved methods of conserving
fresh cassava; other responsibilities
are to facilitate commercial testing of
low-cost technology to produce high-
quality flours.

Scientists in the Virology Research
Unit are undertaking collaborative re-
search with European institutions to
identify viruses and devetlop effective
indexing methods. They are also
routinely “cleaning” clonal materials
to ensure that they are free of viruses
before shipment.

Abreederisalsotobelocated at iITA
in Ibadan; besides being responsible
for putting CIAT-developed technology
into the hands of researchers there,
this scientist will form an integral part
of the {iTA cassava effort and carry out
an active research program,

Given the staffing levels, the alloca-
tion of resources will change over the
next b years {Table 12}, and the
changes will reflect increased em-
phasis on integrated technology de-
velopment; postharvest utilization and
market development; development of
methods to improve income distribu-
tion; breeding to help national agri-
cultural research systems to produce
finished varieties; and decentralization
of agronomy and on-farm research in
close collaboration with the national
programs.

Expected Benefits

In Latin America, benefits from the
longest functioning integrated pro-
jects—drying cassava for use in animal
feed in Colombia and Ecuador—have
been skewed toward smail producers,
with 95% of the beneficiaries having
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fewer than 20 ha. In the next 5-10
years, cassava dried for animal feed is
expected to reach 100,000-2,000,000
t/year, depending on policy, market
and institutional variables. Based on
benefits of the integrated projects, this
would be equivalent to an increase of
US$3-80 million/year annually in
gross incomes of small farmers in
Northeast Brazil, the Yucatan penin-
sula in Mexico, the Atlantic coast of’
Colombia and the Pacific coast of
Ecuador. In addition the new industry
would create employment opportun-
ities on the order of 2500-50,000
person-years/year, as well as savings
in toreign exchange.

The technology to conserve fresh
cassava is only now moving from pilot
project to adoption; however, based on
dermand studies, potential annual be-
nefits to producers are US$50 million
and consumer savings, up to US$100
million.

In Asia, new varieties resulting from
work by the Cassava Program are now
being released in several countries—
China, Thailand, Philippines and In-
donesia—and are being multiplied by
farmers. Even if these varieties con-
tribute no more than a 5% increase in
yield, with no increase in costs, then
the net benefits to farmers would be
U5%20-30 mitlion/year in Thailand
alone.

In Africa, the benefits from CIAT's
efforts are difficult to separate from
those brought about by lITA; however,
over the past 10 years, CIAT germ-
plasm has been incorporated into the
HTA breeding program, and exchange
willincrease in the coming yvears. If the
diversity from CIAT germplasm in-
creased cassava yields by 1%, benefits
would be USS$50-100 million annually.



Tabls 12

CASSAVA
Resource utilization by activities for the years
1988, 1989 and 1983

1433 1989 1993

RESEARCH % 4 4
Natural Resources 14.8 13.8 11.6
Genetic Resources 4.3 51 1.9
¢rop Improvement 25.3 23.4 21.3
Crop Production 5.5 5.2 5.2
Crop Protection 13.3 12.5 10.5
Arelysis 5.0 4.7 7.8
Utilizetion 4.6 4.3 8.7
Exploratory & Methodology Development 5.0 4.7 4.3
TOTAL RESEARCH 75.8 76.7 75.3

INSTITUTION BUTLDIRG & NETUORKING

Training 7.9 1.4 7.8
tonferences ari Seminars 1.3 1.3 1.5
Dacumentation & Information 1.7 1.8 1.6
Counsel ing/Advising NARS 2.3 2.1 1.8
Technical Assistance £.3 5.6 6.1
Network Coordinstion 5.7 5.3 5.9
TOTAL IKST. BUILD.& NETWORKING 3.2 23.3 2%.7
TOTALS 166.0 106.0 100.5

=EmmamSSrmmilos == = e



The release in Africa of parasites
imported from Latin America to control
mealybugs has already given benefits
that have been estimated, by an in-
dependent evaluator, to be hundreds
of millions of US dollars 2 vear. In the
coming years, the reiease and spread
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of mite predators captured in Latin
America and sent to Africa, coupled
with mite resistance incorporated from
CIAT germptasm, are expected to give
benefits of a similar order of magni-
tude.



Rice Program

The Rice Program at CIAT will maintain
its strong commitment to improving
germptasm for the irrigated system. In
addition, three new themes wiil be
addressed during the coming b years:
environmentally safe methods 1o cut
costs in production, particularly in the
control of pests and weeds; expanded
testing of improved germplasm
adapted to acid soils; and transfer of
methods to national programs. These
focuses are in line with the program’s
overall aim to improve efficiency and
output of rice production and to do so
in a way that protects the environment
and benefits the 40% of Latin Amer-
icans who are calorie deficient.

Over the past 30 years, per capita
consumption has doubled from 14 to
28 kg paddy, and the growth has been
uniform across economic strata, At
present the region is almost self-
sufficient in rice production, but even
conservative projections of demand
point to sericus deficits in the near
future. By the year 2000, Brazi is
expected to have a b million t deficit
even if rice consumption increases by
only 2.5% each year. Colombia and
Peru will have deficits of almost 1
million t.

As elsewhere in the developing
world, rice in Latin America and the
Caribbean is produced in distinct sys-
tems: irrigated, rainfed, favored
upland, and unfavored upland. lrri-
gated rice, which accounts for only
32% of the production area, provides
61%of the 18 million t total production,
while favored upland contributes about
10%. The unfavored upland system
predominates in area (55%), primarily

42

in Brazil (4.5 million ha}, but production
is low {only 4.3 million t) because of
variable precipitation, poor soils and
low-yielding varieties. Rainfed and
subsistence rice production accounts
for less than 3% of the total.

During the last 20 years, trends
have been disturbing. Although ag-
gregate rates of yield growth were
positive and tended to increase in
tropical South America, the rate of
increase has dropped sharply. In the
Caribbean, it has remained constant.
In 1976, 11 countries were not self-
sufficient in rice production; by 1985
the number kad increassd to 16. Self-
sufficient countries represented only
23% of the production in the region,
and, of this amount, Colombia ac-
counted for half.

Price and transport subsidies are
common throughout the region; and
although thay encourage rice con-
sumption, thay discourage efficient
production and postharvest practices.
Under such circumstances, rice can
become a drag upon the ecanomy
rathar than food for development.

Modern varieties with improved
piant type and response 1o nitrogen
fertilizer ar grown primarily in the
irrigated and favored upland systems.
Some progress has been made by the
national rice program CNPAF and the
instituto Agropecuaria do Campinas,
Brazil, in developing varieties for
unfavored upland and rainfed systems.
Efforts are still needed to incorporate
disease and insect resistance, toler-
ance to cormmmon soil stresses, toler-
ance to low temperatures, and ear-
finess.



In some areas, crop protection
against weeds, pests and diseases
aceounts for 20% or more of production
costs. Crop establishment also con-
tributes substantially to high costs in
some countries. Yet, these compo-
nents are particularly amenable to
technological solutions, making rice-
growing more attractive. To assist
ceuntries in the region to find and
impiement solutions the Rice Program
at CIAT is working to:

* Diversify the genetic base of rice
in Latin America and the Carib-
baan,

* Develop and improve screening
methods for evaluating germ-
plasm and assist national scign-
tists in acquiring the expertise in
avaluating, selecting and advanc-
ing early-generation breeding
lines.

* Develop high-yielding germplasm
that is adapted to irrigated/fa-
vored upland and to savanna con-
ditions; that satisfies cropping
system requirements; that incor-
porates tolerance and/or resis-
tance to biotic and abiotic stresses
specific to the particular system;
and that meets consumer and
milling requirements.,

* Develop crop management com-
ponents suitable for incorporation
into an integrated system {in-
cluding practices to control dis-
eases, insects and weeds; to
maintain soil fertility and to
prepare the land for rice cultiva-
tion), giving particualar attention
to smalil- and medium-sized rice
producers in tropical areas.

« Asgsess the alternatives in me-
chanization available to Latin
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American and Caribbean rice
production systems.

* Assist nationa! programs to set
priorities for research and ex-
tension.

* Develop an economic data base
on rice production and marketing
for the region.

+ Develop a data base of rice germ-
plasm for the region, available to
collaborators,

+ QOffer appropriate training to na-
tional programs.

Germplasm Distribution and
Development

The CIAT Rice Program addresses four
distinct subregions: the Caribbean;
Central America and Mexico; tropical
South America; and the Southern
Cone. The breeders within the program
specialize by production system:

* One breeder is responsable for
programming crosses and man-
aging breeding populationsforthe
irrigated systems of the tropical
Andean zone and central Brazil.
Specific characters for this area
include resistance to fungal
diseases and hoja blanca virus,
iron tolerance, leaf miner toler-
ance, earliness and excellent
grain guality. This individual also
manages the rice research at the
Santa Roca experimental station,
coordinates activities with ICA, La
Libertad, and oversees training in
the Llanes {including workshops
in which national breeders visit
Santa Rosa to select materials
directly for their programs), Other
responsibilities include mainta-



ining close contacts with agencies
in Colombia, Peru, Ecuador and
Brazil, which have tropical irri-
gated rice prograims.

+ For favored upland/subtropical
areas, a second breeder programs
crosses and manages segregating
populations with resistance to
fungal diseases and hoja blanca
virus, tolerance to iron and cold
temperatures, excelient grain
guality and eartiness. This in-
dividual aiso manages the daily
activities at headquarters, the
anther culture laboratory and the
grain-guality tab, each of which
includes research and training
componeants as well as routipe
germplasm evaluation. Regional
responsibilities include Haising
with agencies in Central America
and the Southern Cone and over-
seeing two breeding sites main-
tainedin Panamaand Guatemala.

+ The other breeder is developing
germplasm for the vast savanna
upland systems of Latin America.
In addition, this individual
manages the iron tolerance and
hoja blanca virus screening nur-
series, the crossing program for
all breeders, the germplasm bank,
and the design and implementa-
tion of a population improvement
scheme based upon cytoplasmic
male sterility. Other responsibii-
ities are diversification of germ-
piasm and support for national
efforts to improve production from
the savannas in Brazil, Bolivia,
Colombia and Venezuela.

The distribution of genetic material
within Latin America and the Carib-
bean is conducted primarily within the
International Rice Testing Program

{IRTP), a UNDP-funded special project
administered by IRRI. This global pro-
gram ensures that Latin America has
access to diverse germplasm from
Africa and Asia. Similarly it enables
distribution and testing of CIAT-
improved varieties. Germplasm with
resistance 1o biast is considered es-
sentiat for all environmeants. Other
characters such as resistance or toler-
ance to hoja blanca virus, the Sogata
plant hopper, and acid soils are tar-
geted specifically to the various
regions.

A few national breeding programs
within CIAT's mandate region are
beginning to screen early-generation
materials supplied by the center; they
have either developed their own me-
thods or adopted the methods devel-
oped within the network of IARCs.
Some have begun to program crosses
for their areas and ta conduct fully
integrated breeding programs, de-
pending or CIAT only for parental
material. During the nexi 5 years, the
Rice Program will be working closely
with siaff in countries such as Brazil,
Colombia and Cuba to transfer the
capability tv evaluate early-generation
materials for grain quality, resist-
ance/tolerance to Sogata, stemborers,
rice blast and grain discoloration,

The program will also be seeking
means to increase diversity in the
germpiasm it provides to the countrises
and toimprove the efficiency of crosses
hetween Asian and Latin American
germplasra. The activities include
evaluation of advanced tissue culture
and nonsexual gene transfer methods
in collaboration with the Biotechnology
Research Unit. Techniques using
monoctonal antibodies specific to
single proteins may be a key to rapid
screening for some characters.
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The program provides basicbreeding
support to areas previously neglected.
For example, recent breakthroughs in
the northern savanna breeding pro-
gram promise 10 overcome consiraints
torice production in Brazil, particularly
in parts of the Cerrado with adequate
rainfali. Lines emerging from the pro-
ject are deep rooted, providing some
degree of drought avoidance, are tol-
erantto soils of pH 5.0 or less with over
80% aluminum saturation, resistant to
the blast fungus, and have relatively
good vield potential. In spite of these
adverse soil conditions, some areas
have traditionally given fairly stable,
low vields of around 1.6 t/ha and are
considered as “moderately favored”
for upland rice given their high {about
2000 mm) and reasonably dependable
rainfall. This is in contrast to the less-
favored upland systems where unde-
pendable rainfall is added to the soil
problems, The program now projects
increased involvement in this produc-
tion system/ecosystem by providing
adapted germplasm.

Newly developed lines have promise
for other rice-growing regions as waell,
and CIAT will be working with IRRi and
WARDA to facilitate testing on un-
favorable uplands in Asia and in the
savanna areas of Africa, respectively.
Also, the global netwark for testing
will include CIAT-developed rice lines
tolerant to cold during the seedling
stage; these should have applications
outside the primary target regions of
the Southern Cone and Caribbean. For
example, around the Mediterranean
low temperatures during seeding limit
starids, and cold throughout the grow-
ing season limits production in the
highlands of Central Africa and Mada-
gascar.
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Crop Management

As the potential of adapted germplasm
can be expressed only under appro-
priate management practices, an
agronomist and a pathologist in the
Rice Program seek to refine techniques
in crop establishment, weed control
{particularly for the noxious weed, red
ricej, disease management, and har-
vesting. Feeding into this work is
applied original research on pathogens
causing, for example, blast and grain
rot; on biclogical control of insect
pests; and on nonchemical means of
weetd control.

The addition of an integrated pest
management {{IPM) specialist to work
with the program is considered es-
sential for 1989 to continue devel-
opment of the concept of IPM, whichis
in its infancy in Latin America. IPM is
critical to the success of programs to
expand rice culture into the savanna,
as well as to reduce production costs
in irrigated systems. The potential is
clear as a postdoctoral fellow with the
program was able to make some pro-
gress in efforts to reduce inappropriate
spraying of pesticides by designing a
simplified technique for monitoring
pests. The procedure includes a de-
cision tree, based on the levels of
insect damage and presence of bene-
ficial insects inthe field, which enables
farmers to spray only when infestation
warrants it.

Among other tasks, program statf, in
conjunction with the Seed Unit, work
to strengthen the ability of national
agencies to produce guality seed of
improved lines and to extend the activ-
ity so that good-quality seed reaches
the farm level.



The agronomist will also evaluate
rice cultivars and management prac-
tices to identify components that im-
prove the economic feasibility of
double ¢cropping with beans and other
legumes. The aim will be to capture
the residual moisture after irrigated
rice. This practice could enable farmers
who invest in development of lands
(drainage and leveling} for rice cultiva-
tion to recover the costs in a relatively
short time, For exampie, costs of gov-
ernment-sponsored development of
the poorly drained bottom lands known
as varzeas in Brarzil are about
$1000/ha, and a ¢rop of rice followed
by beans could increase the income
encugh to make the schemaes attractive
and bring under cultivation millions of
hectares (1.3 million ha in Minas
Gerais and Santa Catarina alone}. Staff
from CIAT s Bean Program will provide
input.

An economist contributes to the as-
sessment of costs and oversees stu-
dies of consumption, demand and
marketing. Part of this work is devoted
to improving techniques for small
irrigated family farms. The studies will
enable staff to determine priorities for
the program’s approach in different
countries and to guide activities toward
low-income peoples. They will also
provide input into the development,
feasibility and adoption of crop man-
agement and mechanization alterna-
tives, inciuding small machinery
available from Brazil and Asia.

The findings of the studies will also
aid CIAT staff working with national
scientisis to develop interdisciplinary
diagnoses of limitations in the rice
sector and to design plans to address
them. Such joint work plans cross
institutional boundaries and bring
together research and extension
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groups. They are one form of training
that will be a focus of activitiss over
the next 5 years.

Training and Information Sharing

Entry-level scientists will continue to
be welcome in the general production
course of the program, but emphasis
will be giver 1o in-service training for
senior scientists seeking advancement
in specialized fields, such as IPM and
advanced germplasm evaluation, Na-
tional scientists will receive special
publications on methods developed by
the prograrmn and will have on-line
accesstothe data base ongermplasm,
provided they have appropriate hard-
ware.

Resource Requirementis

Currently, the senior staff positions in
the Rice Program are ail in Colombia;
proposed increases over the next §
years are for two decentralized staff
and one headquarters-based |PM spe-
cialist {Table 13} and are reflected in
changing budgetary requirements
(Table 14).

Resource allocations {Table 15) to
research will decline somewhat during
the next 5 years in favor of institution
buoilding and networking, primarily
training and technical assistance. A
small increass is expected in research
on natural resources and the percent-
age of allocations to research on crop
production will double, while research
on genetic resources and crop im-
provemen! is expected to drop mar-
kedly. One reason for the reduction is
the diminishing emphasis on diver-
sifying the genetic base—a major focus
over the first several years. At the



Rice Program: Approvad Senior Staff Positions for 1988,
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Rice Program: Approved Budget for 1988, and Projected Table 14
Budgets for Essential and Desirable Activities for 1989-1993
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Tabio 18

RICE
Resource utilizetion by activities for the vesrs
1988, 1989 and 1593

ioss 1969 1993

RESEARCH % x %
Matural Resources 0.2 0.4 0.6
Genetic Resources 8.5 4.0 3.5
Crofp Improvement 32.0 27.2 22,0
Crop Production 8.2 11.7 16.7
Crop Protection 15.7 13.0 12.5
Ansiysis ¢.1 ¢.0 8.0
Exploratory & Methodology Development 1.5 1.5 1.5

TOTAL RESEARCH 3.2 48.8 & .8

INSTITUTION BUILDING & RETWORKING

! Training g6 101 13.6
3 Conferences and Seminars 2.1 2.1 2.1
Documentation & Information 2.0 2.5 2.5

Counseling/Advising NARS 6.8 g.1 2.6

! Technical Assistance 2.3 3.0 3.9
Netwark Coordination 5.0 4.4 4.4

TOTAL INST. BUILD.E NETWORKING 26.8 31.2 35.2

TQTALS 100.0  100.0 1000




same time, the resources allocated 1o
varietal improvement will decrease, as
the program moves from providing
fixed lines to providing early-genera-
tion material, specifically targeted and
characterized for the different systems
addressed by national programs.

In close collaboration with IRRI, the
program has initiated the Caribbean
Rice improvement Network with head-
quarters in the Dominican Republic. A
senior staff position for ¢oordinating
the network has been funded by IRRi;
and a sysitem is now in place for
distributing germplasm, with material
dispatched according to the recipients’
requirements. This network coordina-
tion is being served by short-term
postdoctoral-level staff employed by
CIAT, using special project funds. The
funds also finance network activities
such as workshops and training.

The question now being addressed
is how the Rice Program can best
serve the needs of Mexico and Central
America; one possibility is to integrate
activities with the Programa Coopera-
tivo de Investigacién Agricola de Amé-
rica Central y et Caribe (PROCI-
CENTRAL). Having a senior scientist
posted to the region is desirabie and
could take significant pressure off head-
quarters-based staff, passibly freeing
up one breeder to be posted to Brazil to
serve the Southern Cone. This scena-
rio would bring the total senior staff in
the program to nine. A regional effort
based in Brazil is needed, given the
environmentai differences from CIAT
headquarters, the size of the region,
and the similarities to the African
savanna. The breeder in Brazil would

‘handle germplasm exchange, as well
as assist in the coordination of joint
agronomic investigations by CIAT, the
Empresa Brasilelra de Pesquisa Agro-
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pecuaria {EMBRAPA} within the sa-
vanna and the varzeas, and the other
countries of the Southern Cone.

The program plans to strengthen its
agronomic evaluation of crapping sys-
tems, particularly for the savanna/
Cerrado systems and the Brazilian
varzeas; it will gain from cooperative
research with the Tropical Pastures
and Bean programs.

Expected Benefits

Emphasis will now gradually shift
towards integrated crop management
which can substantially reduce pro-
duction costs of tropical rice. For
gxample, in Colombia alone, reduc-
tions in pesticide use on rice could
save about USS$16 miflion annually
and provide employment in pest mo-
nitoring for agricultural technicians. In
an isotated area {6000 ha) of eastern
Colombia, farmers have stopped ap-
plying insecticides by using the CIAT-
developed technique for monitoring
pests. Sirnilarly, savings in herbicides
can be achieved by good land prepara-
tion and timeiy applications, and the
amount of rice seed being planted {(up
to 300 kg/ha) can be cut in half.

Furthermore, the germplasm adapt-
ed to acid soil savannas could open
vast areas for rice production {50,000
ha in Colombia alone), and dwarf lines
with relatively high yield potential
could ingrease productivity to 3 t/ha
on about 2 million ha of Cerrados.

The CIAT Rice Program and national
partners periodically monitor tech-
nology adoption. A recent study esti-
mated that in 1984 the additional
annual production of rice attributable
to CIAT-developed technologies was
US56545 miliion. Asresearchonrice is
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linked with the global operation co-
ordinated by IRRAI, a cost/benefit ratio
for the CIAT Rice Program is not strictly
fair. Yet if one assumed CIAT efforts
were responsibie for half that value,
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benefits would be 225 times the costs
of research. The new varieties for the
Cerrados and improved crop man-
agement practices could net simitar
returns.



Tropical Pastures Program

The cattle industry and, hence, pas-
tures in poor acid soil of the savannas,
the rain forests and Central American
gcosystems are growing in Latin Amer-
ica; and the practices currently em-
ployed in such environments have low
outputs and limited sustainability. The
program is focusing on methods to
increase the productivity of these tands
and to halt the progressive depletion of
the soils, The different ecosystems
differ markediy as do the production
systems being set up on them,

The tropical savannas {about 250
million ha) have great agricultural po-
tential because of abundant solar ra-
diation, adequate rainfall and temper-
atures favoring extended growing
seasons. Parts {100-150 miltion ha) of
the forest also have high agricultural
potentiai but are at high environmental
risk because of traditional practices in
opening up and exploiting the land.
The risk is augmented by the heavy
influx of peaple .attempting to escape
poverty elsewhere in these countries
{population growths of, for example,
8.6% annually in Rondonia, Brazil, and
7.9% in Ucayali, Peru, compared with
national averages of 2.7%).

In the tropical savannas, pasture is
the most practical way to use the land
profitably untif the infrastructure de-
velops adequately to support other
uses. At present, cattle can graze the
savannas at little or no opportunity
cost, but existing vegetation will sup-
portonly0.1-0.2 animal/ha, The cattle
ranches have been pushed to these
marginal agricultural areas as prime
lands have been developed for crop
production. For example, cattle po-
pulations in the developed southern
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Brazilian states of Rig Grande do Sul
and Santa Catarina constituted 23.8%
of the national herd in 1940, but only
12.7% by 1985. During the period,
cattle in the Cerrados states of Goias
and Mato Grosso {with predominantly
acid and poorer soils) had increased
from a minor proportion of 15.3% of
the national herd to nearly one-third of
the Brazilian cattle population. Sim-
ilarty, the Vatle dei Cauca, where CIAT
headquarters islocated, accounted for
7.4% of the Colombian herd in 1950
and only 2.2% by 1985, with the pre-
dominantly poor acid soils of Meta
(Lianos} carrying 8 much-increased
proportion of the cattle popuiation—
6.1% in 1985 compared with 0.6% in
1950.

The herds have also grown in what
was once forested regions. In the
humid trepics of Caquetsd, Colombia,
for examgie, the cattle population in-
creased from 1.4% to 5.5% of the
nationat herd between 1950 and 19856,

In the savanna, native grasslands
are burned and then grazed; the new
growth serves as quality forage for a
few weeks. As the grass matures, it
becomes unpalatable to the grazing
animals. The forage that accumulates
thus is sparingly grazed and is essen-
tially left as fuel for the next burning
{1-2 vearsiater). inthe Cerrados alone,
close to 30 million ha of traditional
grass pastures are subject to progres-
sive degradation.

In the humid tropics, livestock pro-
ducers clear forested land and burn it
for cultivation and pasture. The land
can initially support more than 2
anirmals, ha; but it deteriorates within



3-4 years and becomes seriously de-
graded in a few more years. The pro-
duction systems include, besides
pastures for beef and dual-purpose
cattle, various annual and perennial
crops. Trees for timber, shade and
forage as components of silvopastoral
systems, are still a minor andrelatively
uvnknown component.

Tropical America has an estimated
250 million head of cattie, about 20%
of the world total. Beef and milk are
traditional staples in the region, and
beef consumption per person is 16
kg/year (range 7-38 kg}, significantly
higher than in tropical Africa and Asia
and about two-thirds that in Europe.
Daring the last two decades, con-
sistent increases in beef production
have been recorded in most of the
region; but with few exceptions, sup-
plies have lagged behind demand. As a
result, beef prices have increased in
real terms in most countries. The im-
plications are serious because the
proportion of family income spent on
beef is high. Among low-income con-
sumers, these commaodities make up
12-26% of total househoid expen-
ditures. Data on income elasticities
indicate that increased supplies of the
commuodities would particularly benefit
the low- and middle-income families
in both urban and rural areas.

The opportunity to increase supplies
of these traditional staples in urban
and rural areas is one of the promises
of improved technologies for pastures.
On the one hand, increased and sus-
tainable production on the large cattie
ranches in the tropical savannas would
increase the supply-—and hence re-
duce the price—of beef and dairy pro-
ducts in urban areas. On the other
hand, improved, ecologicatly sound
systems for the humid tropics wouid
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increase intome for small farms
operated by the poor.

To ignore the urban poor in Latin
America is unacceptable, as this
group—mainly landless rural dwellers
seeking work—is expanding rapidly
and is demanding attention. Urbaniza-
tion has increased an average 20%
throughout tropical America during
the past 25 years. In tropical South
America and Mexico, urbanization in-
creased, on the average, from 46% in
1960 to 67% in 18856; in Central
American countries, the increase was
from 39.5% to almost 59%, growing
much faster than the food supply.

At present, the major constraint to
increasing—perhaps doubling—pro-
duction of beef and milk is the quality
and availability of forage and feed.
Diseases and pests are less of a pro-
biem for cattle in tropical America than
they are in Central Africa, and the
breeds are well adapted to the region.

The countries are devoting person-
nel, infrastructure and funds toward
improving the picture for the cattie
industry, Since 1979, they have been
working with CIAT in the Tropical
Pasture Evaluation Network {(RIEPT} to
test forage and systems that can in-
crease production without damaging
the environment.

CIAT possesses the world's largest
collection of germplasm of forages
{grasses and legumes) suited to in-
fertile acid soils. Assembling it has
been one major focus of the Tropical
Pastures Program. The collection is
the foundation for the program’'s effort
to improve productivity in the region,

The program currently has a mul-
tidisciplinary staff of 17 senior scien-
tists (Table 18). They constitute three
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research groups. The groups are col-
laborating with national and other in-
ternational scientists {Table 17) to
strengthen pasture research and de-
velopment of acid soils in the region.
The activities are to:

* Broaden the genetic base and
screen for adaptation of forage
grasses and herbaceous and tree
legumes for incorporation in tow-
input pastures.

s Develop a low-input, low-risk
pasture technology for increasing
beef and milk production, thereby
contributing to the sustainability
and rehabilitation of production
systems in the savannas and rain
forests.

Fit the pasture-based technology
into the predominant farming
systemns of the region.

Broadening and Testing the
Genetic Base

Collecting grasses and legumes adapt-
ed to acid soils has produced high
payoffs, Several have promise for re-
claiming degraded grass pastures in
the savannas and humid tropics if
introduced together with appropriate
techniques for grazing management.

More than 20,000 entries are now
available in the germplasm bank at
CIAT and are essential to the other
efforts in the Tropical Pastures Pro-
gram and to the regionwide program of
tasting and evaluation. Future activ-
ities will be to increase the variability
of the key grass and legume species
including leguminous shrubs, tolerant
1o acid soils with high levels of alumi-
num. Selected components will be
used primarily for systems designed to
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minimize erosion and to contribute to
the sustainability of production in both
the savanna and the humid tropics.
This effort is complemented by a
breeding program to recombine pos-
itive characteristics of highly pro-
mising accessions.

Preselection of germplasm is cur-
rently done in cooperation with ICA In
Carimagua, Colombia, which repre-
sents the isohyperthermic savannas;
the Centro de Pesquisa Agropecudria
dos Cerrados (CPAC-EMBRAPA} in
Planaltina, Brazil, representing the
isothermic savannas; the instituto Na-
cional de Investigacion Agraria y
Agroindustrial (INJAA) and the Instituto
Veterinario de Investigaciones Tropi-
cales vy de Altura {IVITA) in Pucalipa,
Peru, which represents the humid tro-
pics; and the Centro Agronémico Tro-
pical de Investigacion y Ensefianza
(CATIE} and the Ministerio de Agricul-
tura y Ganaderia {MAG), in three sites
of Costa Rica, representing the major
climatic zones of Central America with
acid soils.

Discussions are being held with both
ILCA and CIRAD (France) to estabtish a
pasture screening and evaluation ne-
twork in West Africa.

The pasture technologies for acid
soils may also prove useful in Asian
farming systems. Germplasm is al-
ready being exchanged in cooperation
with the national agricultural pro-
grams and a pasture network financed
by the Australian Centre for Interna-
tional Agricuitural Research {ACIAR).

The preselections go to national
programs {more than 200 sites) parti-
cipating in the RIEPT, which serves to
catalyze pasture-applied research and
promote development. Training and
coordination of regional subnetworks



Table 17

Essential Senior Scientist Positions Required and their Focus and Contributions to the

Tropical Pastures Program’s Strategies

#esearch Retworking
Apptied gagic
Staff Positions 1 2 3 4 5 % 7
hdapra- Low irput Pasture
Germplasm bility pastures  gystems Hethods
Headquarters (Palmira, Carimagua, Guibizhao)
Leader . - + + * + *
Germplassm zollector REAd e +
Bresding ++4 + ++
plant pathology e * + ++
Plant gniomology LS v s
Micrabiniogy £+ 44 £ +
Soiis/nutrient recytling +4 ++ YTy
Ecophysiciogy [2 -+ [y
Animal natrition/mgement + + % ot
Seed protustion + o4 bt
Grazing systems rhe e ++
Econm ca + e ++ +
isohyperthermic savanne {Palmira, Carimagua, Llanos}
-
Agronomy/RIEPY o +EE + 4
Procuction systems ey s + +
{spthermic savanng {CPAL & Cerrados)
Agraromy /RIEPT i + —i
Pasture estab! ishment/réclamation +iE 44 +
Humig tropics (Pucallpa & the Amazon}
Agroreamy /RIERT Eead + L g
Pasture reclamation b + + *
Production systems 44 3% +
Soc tageanomi cg®* RN -+ +
Leatral America & Caribbean (Costa Rica & the region)
hgronory /RIERPT Fars S LFYS
Africe (Sublumid fow{and)
L3 R Lasd

sgronomy/RIERFT - JLCA®*®

Level of contributions: + = moderute; ++ = high; ++#+ = vary high {moximm of 7+/55

* genior scientist positions to be merged during the period 19892-1993,
**  jew (essential) sentor scienmtist position for the period WEY-1993.
ey ¢desirabled semier scientigt position for the period 1990-1993.



are part of ClIAT s contribution to the
RIEPT. Leaders of national programs
and CIAT participate on RIEPT's ad-
visory committee. Given the network’s
continued growth, the advisory com-
mittee decided to decentralize activ-
ities, creating four subnetworks: the
humid tropics, Llanos, Cerrados and
Central America, coordinated by the
program’s four pasture agronomists in
Pucallpa, Palmira, Brasilia and San
José, respectively (Fig. 1}.

Besides the agronomists, CIAT sci-
entists devoted to germplasm devel-
opment inciude a specialist in germ-
plasm collection and exchange, &
breeder, a plant pathologist and an
entomaologist. In 1980, the position for
the germplasm specialist at head-
quarters will be eliminated, and the
responsibilities for collection and ini-
tial characterization will be shared by
the Genetic Resources Unit and the
agronomist at Palmira (focusing on
germplasm development for the Lla-
nos}. At that time, the program will be
joined by a production systems spe-
cialist for the Llanos.

Over the last few years, the breeder
has developed lines of Stylosanthes
guianensis, which are now being ex-
posed to the RIEPT's screening
scheme. New breeding projects—such
as interspecific crossing of Centro-
sema spp. 1o obtain new materials that
combine the characters of resistance
to Rhizoctonia and high seed pro-
duction—are being initiated. The plant
pathologist and entomologist will con-
tinue providing input to basic research
at headquarters and Carimagua, snd
will increase support to the main
screening sites of the RIEPT.

The resuits from the work of germ-
plasm development feed into work on
pasture development, production and
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management practices, and farming
systems. These activities are all partof
the program’s commitment to devising
tachnologies for low-input, high-out-
put pastures, alone or as part of a
cropping/production system.

Low-Input, High-Output Pastures

The technologies include:

» Adapted grass-legume associa-
tions. Legumes that contribute
directly to the animal's intake of
protein and energy (particularly
during the dry season} and that
enhance the nitrogen available to
grasses are essential.

+ Techniques that improve pasture
establishment. Risks or costs
during pasture establishment are
a major deterrent to adoption by
farmers. Crop-pasture interac-
tions open up the possibility of
reducing costs, as the grasses
and legumes could benefit from
the residual effects of fertilizers
and other amendments appliedto
crops.

* Appropriate management. Main-
tenance, fertilizer application,
intensity and frequency of graz-
ing—among other practices—
must be relevant to farmers’ pos-
sibilities and needs; thus the
grass-lequme associations must
be able to tolerate a range of
management strategies.

» Farmers’ perspective, The role of
pastures is extremely variable,
depending on the ltand use poten-
tial and its use by the farmer,
Some pasture-based farming sys-
tems require soil cover that has a
high carrying capacity for cow-
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calf production on erodible slopes
or to supplement poor native
grass-lands seasonally. Others
require a pastura with year-round
production of good-quality dry
matter to feed milk cows. The
species or management practices
differ, so researchers work with
farmers as early as possible
during design of tests.

Given these essential components,
the technology is expected to con-
tribute to the sustainability of produc-
tion systems through the work of spe-
ciatists in nutrient ¢ycling and eco-
physiclogy, as related to pasture de-
velopment, These efforts at head-
quarters are complemented by two
specialists on pasture establishment
and reclamation based at CPAC (iso-
thermic savannas) and at Pucailpa
{humid tropics). These scientists study
interactions of biological components
of the systems (environment/germ-
plasm, plant/plant, plant/animal/
management and pasture/crop);
screen for effective rhizobia; and model
the behavior of nutrients {nitrogen
{ixed by the legumes and lost through
volatilization, the fate of phosphorus
applied at establishment, and potas-
sium, magnesium and sulfur available
in the soil). Selections for qualities
contributing to the nutrition of the
grazing animal are also studied. Re-
search on pasture reclamation is giving
priority to testing legumes introduced
inte degraded weedy areas. In the
Cerrados, the focus is on establishing
and grazing legumes already deemed
suitable. inthe humid tropics, reclama-
tion of existing, degraded pastures has
priority.

Pasture-Based Farming Systems

Production and management practices
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within the farming systems of the
region are the focus of a seed produc-
tion specialist, a specialist in grazing
systems, and an economist at head-
quarters. They will work with two pro-
duction systems specialists—one for
the isohyperthermic savannas and one
for the humid tropics. The aim is to lay
the groundwork for adoption of new
techniques.

The specialists in production sys-
tems will act as coordinators for activ-
ities in their ecosystems, sharing in-
formation with members of CIAT's
other programs and with the land use
specialist from the Agroecological
Studies Unit.

A desirable activity would be a sys-
tems approach to the humid tropics,
incorporating not only the production
systems specialist but also a so-
cioaconomist. CIAT considers it im-
portant that pasture work be done as
part of a larger systems effort inte-
grating research involving pereanial
plants, such as pastures and trees.
This would be a longterm effort in-
corporating expertise of other interna-
tional organizations whose staff have
experience with crop-tree associations
and appropriate management. A col-
laborative effort would enable CIAT
staff to gain from research conducted
in the humid tropics of Africa and
would be an opportunity for scientists
from the other organizations to tearn
about pasture technologies developed
at CIAT.

Resource Requirements

CIAT staff collaborate closely and
share responsibilities for appited and
basic research as well ag training and
networking in the program (Table 17}.
The proposed increases in senior staff



and in the corresponding budgets
{Tables 16 and 18)are for decentralized
positions so that increased smphasis
can be placed on networking and ins-
titution building in national systems.

in the past, emphasis was given to
methods of germplasm screening and
pasture evaluation under grazing.
During the last 3 years, on-farm
evaluation of pastures has been ini-
tiated in contrasting ecosystems and
farming systems as a basis for more
reliable methods of studying the role of
pastures and of incorporating farmers’
perspectives. These experiences and
methods are passed to the RIEPT for
advance and application in its research
on farmers’ fields.

Pilot studies of pasture systems are
a new activity of the Tropical Pastures
Program. They will be devoted, first, to
crop-livestock options for isohyper-
thermic savannas, expanding later to
agro-silvo-pastoral systems for the
humid tropics, in cooperation with
other institutions.

The program will reduce efforts to
broaden variability in the germplasm
collection, and increased attention wil!
be given tothe evaluation of shrub and
tree legumes for both the subhumid
and the humid tropical environments
within the program’s target area(Table
19). More basic and methodological
research will be undertaken to define
the relationships at the soil/plant/
animal interface. Also, projects on in-
tegrated pasture-based systems are to
be initiated.

Concurrently, downstream research
including on-farm testing of improved
pastures and large-scale demonstra-
tion of new technology will be done as
case studies.
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The program proposes a reductionin
technology development for the iso-
hyperthermic savannas so that it can
increase efforts in the humid tropics
and Central America. It also plans an
initial involvement in Alfrica.

Cne of the essential staff changes
during the next & years will be met by
the discontinuation of the position for
the germplasm collection specialist;
thus only one of the two essential new
positions—the production systems
specialists for the isohyperthermic
savannas and the humid tropics—will
be additional staff. Two additions are
desirable. One is an agronomist/RIEPT
Africa, enabling the program to expand
its coverage o support work in Africa;
and one is a socioeconomist to support
the integration of silvo-pastoral sys-
tems in the humid tropics.

Expected Benefits

The program has led to the adoption of
improved varieties in several of the
countries participating in the RIEPT,
Large areas [350,000 haj of the con-
tinent have been sown with Andro-
pogon gayanus, one of the improved
grasses; and §. capitata, a forage
tegume, is now being planted in the
Coiombian Llanos (BGOO ha in 1986-
1987). Availability of seed has been a
constraint to adoption of the legume.
CIAT in the 1980s estimated a ben-
efit/cost ratio of 31:1 for pasture re-
search at CIAT, and the calculations
are regarded as valid today.

The program is gradually moving
inte regions with smaller farms where
the potential is to integrate new pas-
ture technologies into mixed farming
systems in areas of active colonization.
The challenge is to dernonstrate the
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Table 19
TROPICAL PASTURES
Resource wtilization by activities for the years
1988, 1988 and 1993

1988 1989 1993

RESEARCH % % p4
Hatursl Resources 3.9 5.9 7.5
Genetic Resources 10.2 2.3 4.8
Germplasm [mprovement 22.0 22.0 20.2
Pasture Production 6.9 8.y 7.2
Pasturg Protection 3.4 1.4 34
Livestock Production® 16.3 16‘.1 20.0
Anslysis 1.7 1.7 2.0
Exploratory & Methodology Development 8.2 %.1 9.2
Analysis of Impact ¢.7 8.7 1.1

TOTAL RESEARCH [ 751 75.1

INSTITUTION BUILDING & METWORKING

Training .5 9.6 2.6
Conferences erd Seminars .0 2.0 2.0
Coungel ing/Advising NARS 4.3 4.% 4.3
Technicel Assistance .2 2.2 2.2
Network foardination .8 4.8 6.8
TOTAL INST. BUILD.& NETWORKING 24. 25.9 24.9

TOTALS 130, 100.0 0.0

* This activity includes research on pasture management and utilization
to increase animal productivity.



benefits of legume-based pastures in
animal ouiput and conservation of
resources in relevant farming systems.
Over the long term pasture-based in-
tegrated systems on marginal acid
soils will contribute to economic
growth and sustainability in these
areas,

The impact of the new pasture tech-
riology will be directly measurable in
terms of total area planted to the
improved pastures; increased produc-
tivity (beef and milk) per animal and
per ha; and reduced production costs.
Other benefits are improved conserva-
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tion of natural resources in fragile
environments and better nutrition of
rural and urban peoples. These last
benefits are difficult to measure;
therefore, the program will work
closely with national scientists to
develop a method for monitoring and
assessment. There is no doubt that
this strong ongoing naticnal and in-
ternational commitment to the de-
velopment of a revolutionary pasture
technology can achieve impact in the
development of rural marginal lands
and the overall social welfare of the
continent.



TRAINING AND COMMUNICATIONS SUPPORT
PROGRAM

The Training and Communications
Support Program is new, bringing to-
gether under one leader all the activ-
itigs in training and conferences, pu-
blications and information. its goal is
to strengthen the capabilities of na-
tional partner institutions and to
promote complementarity among all
the participants in national and in-
ternational research on agriculture,
This includes encouraging devel-
opment of regional and national
training activities as well as global
information services to inform not only
scientists but also policymakers and
donors. Given these objectives, the
program will continue and expand the
training and communications that
have been under way throughout the
1980s.

As in the past, the activities will be
fiexible, tailored to particular national
agricultural programs, according to
their requirements and resources for
training and communications.

Central 1o the training to date has
been a8 commodity-specific package
made up of a 1-2 month intensive
course introducing production and
research plus individualized training
{2-5 months} in a discipline or subject,
under the direct supervision of one of
CIAT's scientists.

A range of other group events (from
1-2 weeks to 1.5-2.5 months] and
individualized training opportunities
are available. For example, CIAT's
Seed Unit focuses on short intensive
courses providing the knowledge and
skills to produce and distribute seed
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{genetic and basic seed production;
seed certification; multiplication; dis-
tribution and marketing).

Also, in-country courses {about 2
weeks each) have been increasing.
The total conducted between 1980
and 1987 was 956, with commodity
programs offering 1-2in 1980 and 5-7
by 1987. These events are designed
mainly for professionals involved in
technology transfer {e.g., extension,
technical advice, agricultural credit
supervision) and in the articulation of
research and technology transfer pro-
grams within their countries and with
CIAT. Often the events are linked to
the release of improved varieties;
increasingly, they are devoted to on-
farm research and are carried out in
several consecutive phases covering
at least one whole production cycle.
They involve two kinds of support:
technicalinp ut from subject specialists
and organizational skiils in conducting
the courses.

The individualized training takes
place both at CIAT headquarters andin
decentralized locations where out-
posted staff operate. It ranges from
short technical skills development
through in-service disciplinary training
{2-8 months) to MSc or PhD thesis
research. In-depth individualized
training in CIAT commodities is also
provided for technology transfer spe-
cialists, particularly for professionals
who act as trainers in their home
countries,

A total of 1409 persons were trained
at CIAT between 1980 and 1987. Of



this group, only about 6% were in-
volved in work on their master’s or
doctoral degrees. in future, greater
emphasis will be placed on higher
degree training and on training
trainers in national agricultural sys-
tems. These two activities will upgrade
national capacities for exacting and
sophisticatad research, on the one
hand, and will bring about multiplier
effects in technology transfer, on the
other.

The opportunities in higher educa-
tion are principally for graduates from
developing countries. The academic
phase will be carried out with funds
from extra-CIAT sources, while the
research component will be completed
with funding from CIAT. Universities
such as Vicosa and Pelotas (Brazil), La
Molina {Peru), Universidad Nacional
{Colombia) and CATIE—as an equiv-
alent institution——are CIAT s academic
partners within the region; and initia-
tives with North American and Euro-
pean universities will continue.

Training for trainers will focus on
how to diagnose production problems;
what solutions are available, including
improved crop varieties; and how to
draw on and provide input to re-
searchers for the generation of new
technologies. Those who complete the
courses will be assembled into re-
gional trainers’ networks, and CIAT
will keep them up to date on CIAT-
developed technologies,

Complementing the courses are
audiotutorial materials and training
manuals; these have proved effective
not only as teaching aids but also as
tools for technology transfer and dis-
semination of research resuits.

Conferences, workshops, symposia
and seminars are means by which the
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center develops and consolidates
partnerships among and with national
research institutions. The information
generated by and for such events is
disseminated in books, reports and
periodic publications put out by the
center.,

CIAT’s serial publications include
the annual reports and CIAT Interna-
tional, a newsletter to inform donors,
policymakers and others about CIAT's
work. Newsletters or bulletins are also
published regularly for each of the
commodities and the Seed Unit. Mail-
ing lists differ by publication; but,
overall, the tropical Americas cons-
titute 63% of the distribution; North
America 16%; Europe and Africa 7%
each; Asia 5% and Oceania 2%.

CiAT’s library and commodity-spe-
cific information centers constitute a
superb bank of information. New ac-
quisitions are regularly announced in
a current awareness service, which
includes journal circulation for internal
users; monthly copies of the contents
pages from journals; and quarterly
abstract journais for cassava, beans
and tropical pastures. Upon request,
the specialized information centers
perform bibliographic searches (lists
or annotated bibliographies); and if the
subject matter warrants it, the re-
sulting bibliographies are published.

Staff collaborate closely with the
commuodity programs in planning, pro-
gramming and timplementing activities
so that the education and information
coffered complement and advance at
the same time as the research and
follow the same strategies. Theplanis
to focus training and communication
on the problems being researched
jointly by CIAT and national partners.



Within this framework, the Training
and Communications Support Program

+ Coordinates training activities,
once objectives, methods and res-
ponsibilities for input have been
agreed with commodity pro-
grams;

* Designs methods and assembles
data to assess the training and
communications needs of na-
tional commaodity programs;

* Assists national parinerstosetup
training schemes that fit their
needs and resources;

* Organizes workshops, seminars
and conferences, both for dis-
seminating knowledge and me-
thods and for stimulating co-
operation;

* Organizes library services, in-
cluding acquisitions of books,
preparation of microfiches, pro-
vision of reference and biblio-
graphic research services;

Produces specialized information,
seeking to disseminate inferma-
tion generated at the center, be it
spoken, written or visuai, and
other support materials; and

* Publishes scientific/technical do-
cuments {including monographs,
texts and conference proceedings,
as well as audiovisual materials)
and network support documents
{e.g., commodity-gpecific news-
fetters, manuals on technology).

The program comprises four units:
The Training and Conferences Uhnit is
responsible for all activities related to
the training modules—inciuding the
preparation of training materials—as
well as organizing workshops, se-
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minars and conferences. The Publica-
tion Unit is responsible for the public
dissemination of information gener-
ated at the center. The Information
Unit is concerned with the collection,
classification, storage, retrievai,
packaging and dissemination of know-
ledge relevant to CIAT's activities but
generated by others. The Support Ser-
vices Unit deals with graphic design,
phoetographs and illustrations; the
printing of CIAT publications and other
materials; and other ancillary services.

Thea units report to the ieader of the
program, who is directly responsible
for assuring in-house complementarity
and for spearheading collaboration
with national partners, particularly the
assessments of institutional needs.

Resource Requirements

At present, four senior staff positions
{Table 4) and a corresponding budget
{Table 5} are set aside for the program,;
but given the number of lines reporting
to the program leader, a head for each
unit is essential. A senior-level indi-
vidual with a strong background in
human resource development and
educational technology has been pro-
jected as an essential addition for
Training and Conferences in 1989,

As the activities of CIAT's research
programs move toward basic, ups-
tream research, the training and com-
munications support will change ac-
cordingly. New joint ventures with
naticnal partners will demand new
skills and will prompt a reevaluation of
the methods, networks and backup
information.

The level of training will change. if
the national agricultural systems take
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over research and production activities
formerly done jointly, the demand for
higher degree level training will grow
at the expense of the demand for
general researchers. More opportun-
ities for MSc or PhD thesis research
will therefore have to be offered by
CIAT. The basic human resource de-
velopment activities for less-advanced
partners could be taken on by other
national systems, with some as-
sistance by CIAT to develop the ca-
pacity,

The production of communication
materials will shift toward quicker and
cheaper media (available through im-
proved technology) on the one hand
and toward greater participation by
national scientists, particularly in the
commodity newsletters and ne-
tworking publications, on the other.

Despite the shifts in emphasis, the
overail aliocation of resources within
the program will remain fairly constant
during the next 5 years (Table 20).

TRAINING & COMMUNICATIONS

Resource utilization by activitios for the yaars

Fable 20

1988, 1984 and 1993

1988 1089 1993

ENSTITUTION BUILDING & NETWORKIRG

Training:
Speciaifzed courses
Irdividual internship
Degree related
Conferences and Seminars
Documentation & Information
counsel ing/Advising NARS
technical Assistance

Ketwork Coordination

16.% 4.4 11.2

19.0 16.8 14.8

6.3 a.8 14.0

11.0 13.0 15.0

35.0 3.0 36.4

6.8 5.5 3.5

0.3 G.5 0.%

TOTAL IMST. BUILD.Z NETWORKING

390.0 190 W0.0

TOTALS

100.0 {0 1000
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RESEARCH SUPPORT

Agroecoiogical Studies

CIAT's Agroecological Studies Unit is
charged with the collection, ma-
nagement and analysis of data on
environment, cultural practices and
sociceconomic conditions in areas
served by the commodity programs.
The activities contribute to the setting
of research priorities and to the ap-
plication of technologies in new areas.

The unit employs a computer-based
information system, designhed for the
needs of the four ecologically distinct
commodities. The method of data col-
lection and storage, developed by the
uhit, is flexible enough to provide an
appropriate degree of detail and scale
and is now being applied to information
for the cassava, beans and tropical
pastures programs.

Assembling the Pieces: From
Climate to Household

Data on climate and soil are common
to all the commaodities and are re-
latively easy to retrieve. Coverage of
long-term climate data for the whole
tropical world is now being realized,
and data from more than 12,000 me-
teorological stations are already on
hand. Dataon soils are being storedon
the basis of land system. Coverage for
the lowiand tropics of South America
is available and will soon be extended
to Central America. The method for
defining cropping microregions has
now been decided for the storage of
information on crop system, culture,
economy and society. Continentwide
distributions of areas where cagsava
and beans are grown have been pro-
duced, and staff in the Cassava Pro-
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gram have drawn on the unit’s detailed
information on microregions.

At the request of the commaodity
programs, the unit provides environ-
mental analyses and undertakes field
surveys using techniques that detail
rapidly the elements necessary for the
implementation of new technology—
such as the integrated cassava-drying
projects—in a given area.

Expanding and maintaining the data
base as well as related services to
CIAT management and staff are con-
stant activities of the unit, and the
level of staffing depends on the
demand for and utility of the services.
At present, demand far exceeds the
unit's capabilities.

In the coming 5 years, the major
efforts will be completing the data
base for broad-scale (continental and
regional} crop geography so that the
unit’s staff can focus on microregions
and expand the crop and socio-
economic data base. The oiher im-
mediate prigrity, which will phase out
in 2-3 years, is the design of programs
that analyze data quickly and easily for
users.

A further medium-term activity will
be to identify and classify the ranges of
adaptability present in the CIAT germ-
plasm. This will enable the unit to give
CIAT breeders, scientists and ma-
nagemernt a clear idea of how many
agroecological niches they need to
work for and where these niches exist,

in developing a sustainability pers-
pective, commodity programs are in-



creasingly interested in the implica-
tions of cropping systems for the
environment. To this end, a better
understanding of the potential effect
of land use practices on land systems
is required. The Unit will be serving
commaodity programs in this field, by
contributing to the analysis of the
consequences of alternative ma-
nagement systems on the conserva-
tion of natural resources.

Resource Requirements

The unit will be well served through
1989 by postdoctoral fellows working
on the crop geography of cassava, rice
and tropical pastures. The resources
available include some extra support
staff for these temporary positions;
however, for 1990 and beyond, 4 sec-
ond senior staff position is essential
{Table 4) to expand activities into the
land-use field and will mean an in-

AGROECOLOGICAL STUDIES

crease in the unit’s budget (Table 5).

During the next 5 years, the unit
staff expect 10 become more involved
in specific projects, both interpreting
existing data and conducting detailed
rural surveys to supplement them. An
increase in demand is expected for
agroclimatic studies, assistance with
siting projects, analysis and interpre-
tation of regional trials, assessment of
sustainability of technologies, and
support to projects on integrated farm-
ing systems.

As the unit has laid the groundwork
for data collection and retrieval, the
resources allocated to research in ex-
ploratory and methodology devel-
opment will decline markedly, and the
research on natural respurces—
primarily in the form of surveys to
provide a misroecologic perspective
for commodity programs—will in-
crease (Table 21).

Table 21

Resource utilization by activities for the years
1988, 1989 and 1953

1988 1939 1993

RESEARCH

Natural Resources

Livestock Production

53.0 7.0 73.0

18.0 7.3 13.0

Exploratery & Hethodology Development 25.0 17.5 13.0

TOTAL RESEARCH

96.0 $6.0 96.0

ENSTETUTION BUILDING & KETWORKING

pDocumentation & Information

4.0 4.0 4.0

TOTAL INST. BUILD.Z NETWORKING

4.0 4.0 4.0

TOTALS

100.0  100.0 100.0




Biotechnology Research

CIAT created the Biotechnology Re-
search Unit {BRU} in 1985. it had
anticipated the move in its long-term
plan in 1981; and in 1984 the second
External Program Review recommend-
ed the creation of an interdisciplinary
research structure for the application
of emerging biotechnologies to in-
tractable problems affecting com-
modities within CIAT’s mandate.

Advances over the past decads have
resulted in the development of new
techniques that make it possible to
address plant improvement at the cel-
lular and maolecular levels. Through
the unit, some of the new technigues,
based on the ability to regenerate
plants from cells in culture, are offering
a shortcut in selection and breeding at
CIAT.

Baecause research on CIAT s crops,
especially Manihot and Phaseolus, is
minimal in advanced institutions, the
unit has a role not only in bringing the
techniques within the grasp of national
research programs in the tropics but
also in stimulating the interest of
institutions in both developed and
developing countries to conduct co-
ordinated and efficient research on
biotechnojogical issues related to
these crops. It can assist in establish-
ing priority targets; preventing
wasteful duplication; identifying pro-
blems that warrant a biotechnological
approach; conducting research in
areas that are likely to have a quick
technological payoff; and providing a
mechanism for transferring the tech-
nologies to developing countries. The
unit’'s access tothe largest germplasm
collections for these two crops world-
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wide and a wide range of environ-
mental conditions and biglogical
constraints gives it a comparative
advantage in selected areas of basic
research that will enable more effec-
tive collaboration with other institu-
tions.

General Unit Goals

The BRU will serve as a research
tinkage between CIAT commodity pro-
grams and basic research institutions
for the application of emerging tech-
nologies to CIAT commodities. The
BRU will keep abreast of new advances
in plant biotechnology to advise the
commodity programs on potential ap-
plications and will serve as a bridge to
the national agricultural research sys-
tems for the application of biotech-
nology.

Operational Strategies

1. Networking. The BRU will stim-
ulate the interest of scientists in ad-
vanced institutions in deveioped and
developing countries to carry out re-
search projuacts based on specific re-
search constraints identified by CIAT
commodity programs. Networking of
collaborative research will mainly in-
volve cellular and molecuiar genetics
research, with special reference to
Phaseolus and Manihot.

2. Research backstopping. The BRU
witl strengthen its scientific and tech-
nical capabilities in these areas where
CIAT has a comparative advaniage,
particulariy in the fields of cell tissue



cuiture, hiochemical/molecular gen-
etics and cytogenetics.

The BRU will concentrate on me-
thodology and technique development.
Once a given technigue has shown its
practical value, its routine application
will become the responsibility of the
respective commodity program. This
decentralization strategy will allow the
BRU to concentrate rescurces on other
priority areas.

3. Training. In cooperation with the
commodity programs, special pro-
grams will be conducted for personns|
from developing countries, the objec-
tive being to expand the network.
Training will also provide the BRU with
the opportunity for fulfilling its bridding
role between advanced research insti-
tutions and the NARS of developing
countries,

Specific Activities

Biotechnology research at CIAT in-
cludes: (a) the utilization and devel-
opment of selected techniques at CIAT
headquarters and (b) collaborative re-
search projects at advanced research
institutions. Table 22 summarizes the
current activities in cassava, common
beans, rice and tropicai pastures. Most
efforts have been concentrated in the
application of cell and tissue culture
methods, and recentiy applications of
selected biochemical technigues have
been developed through special col-
laborative projects. More advanced
techniques are being developed by
means of research projects in other
institutions.

Work at the BRU has been addressed
to facilitate germplasm management
processes in cassava, common beans
and tropical pastures {i.e., in vitro
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germplasm conservation and ex-
change, electrophoretic genotype char-
acterization, and germplasm dispersal
and evolution studies), and to ac-
celerate certain breeding strategies in
rice {i.e., achieving rapid homozygocity
using anther culture) (Tabie 22}
Routine activities in the areas of in
vitro conservation of cassava germ-
plasm and production of doublaed ha-
ploid lines of rice are being passed to
the Genetic Resources Unit and the
Rice Program, respectively. Geno-
typing of cassava germplasm is being
utilized jointly by the Cassava Program
and the BRU. Similar techniques for
common beans will be carriedoutona
routine basis by the Genetic Resources
Unit using methodologies developed
in the BRU.

As techniques develop and move out
from the BRU, efforts are addressed to
new priority areas in CIAT commod-
itiss. Thus monitoring techniques for
in vitro germplasm management and
jong-term conservation through cryo-
genic techniques in cassava are two
current developing activities at the
BRU (Table 22}. Expression of reces-
sive traits such as acyonogenesis is
not possible by traditional method-
ologies. An approach to this constraint
in cassava is being developed through
haploid/dihapleid induction. Selection
at the gametophytic level will accel-
erate the transfer of important traits
such as heat tolerance in common
beans. Tissue culture techniques are
being used to assess the utility of
somacional variation for selecting
Stylosanthes lines with tolerance to
anthracnose.

Selected research projects are being
carried out in coliaboration with other
raesearch institutions, with the BRU
playing a catalytic role. Currently the



BRU is collaborating with eight ins-
titutions on projects addressing future
needs for advancing biotechnological
applications to CIAT commauodities
{Table 22). These projects, as well as
those being carried out at CIAT, will
become natural parts of the larger
network once this has been establish-
ed for cassava and common beans,

CIAT is currently planning a col-
laborative effort involving advanced
research institutes in developed and
developing countries. This network
approach will facilitate the setting of
priorities, the exchange of information
and materials, and the generation of
financial resources, preferably from
outside the CG System, for both short-
and long-term projects.

The areas of research pursued are
those where traditional approaches
have shown fimited promise, where
cellular and molecular biology re-
search and tools are expected to aid in
solving the problem, and where the
results will probably be widely used.

tnitial plans for advanced research
and biotechnology applications in cas-
sava have been made, and they are to
be peer reviewed in the fall of 1988. A
similar strategy will be followed for
common beans in 1989,

In cassava, constraints that may be
dealit with by biotechnology are cya-
nide toxicity, postharvest physiological
root deterioration, viral diseases, pho-
tosynthetic capacity under stress, nu-
tritional guality (protein, vitamin A,
tannin content), propagation-related
problems, the cassava hornworm pest,
and starch quality under stress,

in common beans, the constraints
are still being evaluated se that prior-
ities can be set. One probiem that
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lends itseif to biotechnological ap-
proaches is the difficully encountered
in moving traits between the two major
gene pools of P. vudgaris; for example,
it has not been possibie to transfer the
high vield potential of small-seeded
germplasm {Central America)tofarge-
seeded cullivars (southern Andes).
Other potential focuses in common
beans are screening methods for
disease resistance {e.g., common bac-
terial blight) and sensitivity to high
temperatures in most P. vulgaris
germplasm.

For each constraint, one or maore
projects are envisaged at CIAT and
collaborating institutions. Cyanide
{HCN} toxicity is an example. The
principal research objective is to
eliminate or greatly reduce the level of
HCN in the cassava rools. Projects to
address this constraint include de-
velopment of screening technigues {in
vitro and at the field fevel) for cyano-
genic content, development of mi-
crospore/anther cuiture techniques
for expression of acyanogenesis, mu-
tagenesis of haploid/somatic all po-
pulations, and in vitro gene manipula-
tion for rernoval or control of bio-
synthesis of cyanogenic glucoside.

Screening Phaseolus beans for
disease resistance would be simplified
if molecular genetic markers (iso-
anzymes and DNA-RFLPsjwere devel-
oped for bean varieties having multiple
resistances. Then it would be possibie
to link inheritance of markers with the
presence of resistance.

Resource Requireinents

Currently, there is only one senior
position—the plant physiologist/
tissue culture specialist—approved for
the BRU {Table 23}, This scientist has



Table 22
PLANT BIOTECHNOLOGY ACTIVITIES AT CIAT {July. 1988}

AT CIAY HEADQUARTERS

Research Projects at

Technique utilization Techrnique development cotlaborating Inst.*
CASSAVA 1. Cloning disesse-free 1. Pilot gene bank** 1. Nonsexual gene
stocks trensfer technigues

2. Germpissm conserwvation 2. Crycpressrvation of
and international gernplasmt*
exchange

3. Electrophoretic geno- 3. Haploid induction

typing
4. cell culture plant
regeneration
COMMON 1. Recovery of wild 1. Cell culture plant 1. Gene tagging by
BEANS germpl asm regenaration molecular markers
2. Assesging germplesm 2. Selection at ga- 2. Cell culture plant
dispersalsevelution metophytic level regeneration
by protein electro-
phoraais
X, MHongexual gene
transfer techniques
RICE 1. Anther culture breed- 1, Anther/microspore 1. Rice Biotechnology
ing cul ture network
2. Intravarietal variatioen
TROFICAL 1. International excharge 1. Stylosanthes intra-  weew===- .-
PASTURES Brachiaris germplasm varietal variation

2. Brachipria electrophoretic
genotyping

* USA: Univ. of Florida, Louisiana State Univ., Univ. of Cslifornia, Colorado State Univ.,
Canada: Univ. of Manitoba; Germany: Univ. of Bonn; 1taly: Inst. Bio. Agr., Viterbo, Inst.
Ortic., Montaneso.

** In collaboration with 1BPGR and the Plant Biotech. Institute, Sasketchewan, Canada.



BIOTECHNOLOGY RESEARCH UNIT
Resource utilization by activities for the yesrs

1988, 1989 and 1983

Table 23

1988 1989 1993
RESEARCH % % X
Senetic Regources 20.0 20.0 15.0
Crop Improvement 18.0 10.0 $5.0
Crop Protection 5.0 5.0 5.0
Exploratory & Methodology Development 25.0 0.0 43.0
TOTAL RESEARCH 60,0 £5.0 £0.4
INSTITUTION BULLOING & HETWORKING
Teaining 10.0 8.0 5.0
Conferences and Seminars 10.0 5.0 3.0
Documentation & Information 5.0 5.0 2.0
Counsel ing/Advising NARS 0.0 7.0 8.¢
Retwork Coordination 5.0 16.0 10.9
TOTAL INST., BUILD.& HETWORKING 40,0 35.0 8.t
TCTALS 102.0  t00.0  t00.D




overall responsibility for all the re-
search areas in addition to duties as
Head of the Unit. Some additional staff
are proposed over the next §, years
(Table 23}). To free up time for the
senijor scientist, a research assoaciate
would be hired to support the ex-
panding research activities in tissue
culture. This would allow the Head of
the Unit to coordinate collaborative
projects and to ensure thatresearch is
focused on relevant problems and that
promising results are channeled to
CIAT for further development and
utilization.

A second senior position is proposed
for 1989 to oversee research on bio-
chemical and molecular genetic tech-
niques that are critical to the devel-
opment and application of advanced
biotechnological toois. A bio-
chemical/molecular geneticist is
envisaged and will be expected, among
other duties, to adapt technigues for
the development of genetic maps
based on molecular markers. Identifica-
tion nd mapping of traits of economic
importance are relevant to both tra-
ditional and new (i.e., genetic en-
gineering} breeding approaches. In
particular, this scientist will work with
other CIAT staff in defining priority
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research to be conducted in the
network,

A third senior position is considered
essential in 1991 to take on the res-
ponsibility of developing a cytogenetic
understanding of CIAT crops, es-
pecially Phaseolus and Manihei,
Cytogenetic studies, which have been
neglected for these two crops, are
fundamental for applications of tradi-
tional and new hreeding approaches.
The cytogeneticist is expected, among
his/her main duties, to develop tech-
niques for facilitating the introgression
of traits from the primary and se-
condary gene pools of these crops.
Cytogenetic research on tropical pas-
ture species will also be carried out as
problems arise. A key role of this
scientist will be to act as a catlyst in
developing collaborative research
proposals with other institutions.

The allocation of resources {Table
23) retiects the decline expected in
training as other CIAT staff assume
these responsibilities. 1t also shows
increased efforts in coordinating the
network once the cooperative research
projects have been launched, The
development of methods will demand
a progressively larger proportion of
etfort over the next five years.



Virology Research

In 1988, CIAT formally created the
Virology Research Unit to provide cen-
tralized service to the commodity pro-
grams and to the Seed Health Lab-
oratory. The goal of the unit is to
isolate and characterize viruses cons-
training production of the commodities
researched by CIAT and to develop and
adapt procedures to eradicate or con-
trol viruses. The applied research
differs from that on most other pa-
thogens and pests, which can be
cultured or reared artificially for
observation and characterization.
Viruses are infectious nucleoproteins,
which require specialized human and
material resources for their isolation
and characterization.

As several viruses can be transmit-
ted in reproductive plant material,
research in virology at CIAT promises
to make a major contribution to safe
and effective transfer of germplasm
internationally.

The unit’s two virologists specialize
by research activity rather than by
species. During the next b years, no
increase inthe numbers of senior staff
is proposed (Tables 4 and &). To provide
continuous support to the commodity
programs, the current staff have di-
vided the work into:

» Virus characterization;
* Epiphytology;

 Input for breeders, particularly in
techniques of screening for re-
sistance; and

« Surveillance, especially to pre-
vent the inadvertent spread of
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exotic viruses in improved germ-
plasm produced for international
distribution.

The unit provides training for na-
tional scientists and for research per-
sonnel from the four CIAT commodity
programs involved in routine virol-
ogical evaluations. In addition, the
senior virologist regularly consults
with the leaders, pathologists and
breeders about the status of research
in the unit.

One constant activity is development
of methods and serological materials
for detection of viruses in germplasm
maintained by the Genetic Resources
Unit at CIAT. For the commodities in
which viruses are seed-transmitted—
cassava, beans and forage legumes—
the unit supplies antisera and methods
for enzyme-linked immunoassays per-
formed by the Seed Health Testing
Laboratory.

For the Bean Program, all improved
germplasm must show resistance to
BCMV. Breeding lines evaluated as
susceptible to the virus are generally
discarded without evaluation for other
desirable agronomic characters. The
screening for this virus alone requires
inoculation and evaluation of up to
1800 individual bean plants every day,
and the unit must use different scre-
ening for improved materials bound
for East Africa, where local strains of
BCMV challenge the resistance gene
incorporated in Latin American cul-
tivars.

Also for the Bean Program, the unit
is searching for sources of resistance



to geminiviruses transmitted by the
whitefly Bemisia tabaci, in particular
bean golden mosaic virus and bean
dwarf mosaic virus. These two gemi-
niviruses are directly responsible for
the abandonment of more than a
million hectares of traditional bean-
producing areas in Latin America.
Other viral pathogens of beans are
kept under surveillance, and the unit
maintains 8 complete collection of
antisera against all the plant virusesg
known to attack beans in Latin
America.

For the Rice Program, the unit's
efforts at present are mainly to supply
seroiogical materials for screening
against rice hoja blanca virus, which
causes one of the most devastating
diseases of rice in Latin America. Con-
tinuous, cyclical epiphytotics of this
virus have occurred since 1935,
causing the collapse of several com-
mercial cultivars over the years. For-
tunately, the causal virus was finally
isolated and characterized at CIAT in
1988, making possible the implemen-
tation of reliable screening. The
method is based upon detection of the
virus in the insect vector, using a
sensitive immunoenzymatic ser-
ological test.

The focus of work for the Cassava
and Tropical Pastures programs is
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characterization because most of the
viruses affecting these crops in Latin
America have not been properly char-
gcterized and often occur in mixed
infections.

For cassava, this research is com-
plicated by the nature of the crop and
the limited range of hosts that the
viruses infect under experimental
conditions. Besides the known viral
diseases of cassava, such as cassava
common mosaic, several others are
evident in Latin America but ccour in
iatent form in commercial cultivars. To
minimize {osses induced by these
viruses and to ensure against their
presence in propagative materials for
international exchange, the unit, with
members of the Cassava Program, is
seeking practical measures of controf
and reliable technigues for diagnosis
and virus detection.

The major change over the next &
years is expected to be in the effort
related 1o crop improvement; at pre-
sent the work in characterizing major
viruses and devising methods for scre-
ening accounts for more than 50% of
the rescurces of the unit {Table 24}.
Once screening for the existing viruses
becomes routine, the unitwill increase
markedly the resources it devotes to
institution building and networking.



VIROLOGY RESEARCH UNIT
Hasourge utilization by activities for the yoars

19488, 1989 and 1983

Table 24

1588 1989 1993
RESEARCH % % X
Crop lmprovement 40.0 3.0 12.0
{rop Protection 16.0 10.0 10.0
Exploratory & Methodology Development 16.0 16.0 26.0
TOTAL RESEARCH #5.0 65.0 48.0
INSTITUTION BUILBING & NETWORKING
Training 5.0 6.0 10,0
Conferences snd Seminats 3.0 5.0 8.0
pocumentation & Infornmtion 3.0 5.0 5.0
tounsel ing/Advising NARS 13.0 16.0 15.0
technical Assistance 5.0 5.0 2.0
Hetwork Coordinetion §.0 L. £.0
TOTAL INST. BUILD.& NETWORKING 35.0 35.0 52.0
TOTALS 180,06 100.0  100.0

sZRmEZE= f-t 2%



Genetic Resources

The germplasm collections at the
CGIAR centers increase in value with
time in two ways: as a source for genes
in landraces progressively eroded in
the countryside and as a source of
information obtained during screening
to identify useful properties. In its
work, CIAT s unit, under the direction
of a botanist, is able to take advantage
of economies in scale in many activ-
ities, as the center houses the largest
collections in the world for beans,
cassava andtropical pastures grasses/
legumes.

The collections are the foundation
upon which all crop development is
built and from which links with na-
tional programs evolve. Germplasm is
invariably collected with close coope-
ration from national scientists, and
duplicate collections are deposited in
national storage. The rich diversity of
stored germplasm will increasingly be
needed to sustain production in the
face of future threats from pests and
diseases.

The CIAT collection includes species
of Phaseolus with great differences in
environmental tolerance marginal
peopies; and a great range of forage
species including trees and bushes
that may enable not only increased
production in tropical pastures but the
rehabilitation of degraded lands.

As the collections have become in-
creasingly comprehensive, the expec-
tation is that activities in collecting will
decline; as storage systems improve in
efficiency, maintenance costs will also
decline{particularly the cost of routine
field rejuvenation, which is necessary

mainly as a result of poor storage
conditions; and as basic evaluation
proceeds, the effort in breeding can
focus on the promising samples,

CIAT is now reaching a phase of
consolidation in some of its collections.
Collecting is becoming carefully tar-
geted; the documentation system wili
become increasingly useful; and, par-
ticularly, the improved storage facil-
ities, at present under construction,
will reduce future germpiasm main-
tenance costs.

For the three commodities, activities
are similar, including:

+ Assembly of germplasm through
collecting missions or through in-
corporation of samples from na-
tional collections.

*» Documentation on origin and
characterization of samples.

+ Conservation (samples to be
stored as seed are multiplied,
dried, packed and stored at low
temperatures).

*« Appropriate duplication of
samples and storage for security
at other institutions.

» Distribution free of charge to
other countries after inspection
by the Seed Health Laboratory.

* Training national scientists onthe
job and, occasionally, through
special courses for particular
groups.

The unit has collaborated with
IBPGR in projects to collect cassava,



beans and tropical pastures species in
various parts of the world, In addition,
collection missions organized by
iBPGR have contributedto the range of
variability at CIAT, Collection work has
been complemented by collaborative
research on in vitro storage of cassava,
tor example, to develop a model system
for vegetatively reproduced crops.

Resource Requirements

The presente staff of the unit {1988}
includes one senior staff position and
four scientific and supervisory posi-
tions {three in germplasm manage-
ment and one in the Sesd Health
Laboratory}. The plan for the next 6
years envisages an increase in the
resources being allocated to the unit
but no increase in senior staff positions
(Tables 4 and 5).

To handle the increased activities in
Manifiot, the unit will be joined by
another research associate and will
require a supervisor of activities at the
associate level to assistthe head of the
unit.

in 1990, the Seed Health Laboratory
is expected to be transferred to a new
iocation withinthe Seed Unit, where.it
will continue to serve the needs of
international exchange of germplasm.
Reductions of scientific and super-
visory staff will thus occur in the
Genetic Resources Unit. As the tech-
niques for elimination of bacterial and
fungal diseases will be routinely ap-
plied by the staff in the Seed Heaslth
Laboratory, the staff in the Genestic
Resources Unit will turn its attention
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to eradication of virus and nematode
problems in germplasm.

The budget includes provisions for a
temporarily greater investment of re-
sources to prepare and transter collec-
tions to the new storage facilities.
Samples will be multiplied and reju-
venated by a field grow-out to provide
sufficient seed for the working collec-
tion{i.e., for distribution to users), for a
reserve or base collection, and for at
least two duplicate collections to be
stored at other institutions. The new
facilities will allow attention to be
given to testing of the viability and
germination of stored samples.

During the next b years, the atloca-
tion of resources (Table 25) will change
only slightly as a reflection of the unit's
increase in efforts devoted to con-
serving the Manihot collections, when
parameters for in vitro maintenance
emerge from the collaborative re-
search project with IBPGR. Activities
in quarantine clearance, field multi-
plication, and testing of viability of
some collactions, particulariy £. vui-
garis, will increase as materials are
rejuvenated for the new storage facil-
ities.

The unit will attempt to forge and
strengthen research links with other
institutions in areas such as seed
physiology and pathology, gene pool
identification, wild species and in-
terspecific hybridization, and in other
arsas to be identified. There are op-
portunities for further collaborative
projects such as one under way with
the University of Gembloux {beans).



Table 25

GENETIC RESQURCES UNIT
Rasource utilization by activities for the yasrs
1988, 1989 and 1953

1988 1989 1993

RESEARCH X 4 X
Genetic Resources 68,5 67.5 85.%
Crop lmpraovement 8.8 9.8 11.8
Crop Production 1.3 3.3 3.3
Crop Protection 5.0 5.0 5.0

TOTAL RESEARCH 85.6 85.6 B .6

IRSTITUTION BUILDING & NETUORKING

Training 5.8 5.8 5.8
Documentation & Information 4.6 4.6 4.6
Counsel ing/Adviting NARS 2.0 2.0 2.0
technical Assistance 2.0 2.6 2.0
TOTAL INST. BUILD.E RETWORKING 4.4 14.4 1%.4

TOTALS 100.0  t00.0  100.0

it




Seed Unit

Since its creation in 1979, the Seed
Unit at CIAT has contributed to the
public and private seed sectors of Latin
America and the Caribbean by offering
training and technical consultations.
Atthe sametime, it has participated in
technology transfer through the pro-
duction and multiplication of basic
seed of improved germplasm.

After 9 vears, during which 1425
people received training in seed-
related issues, CIAT arranged an ex-
ternal review of the unit’s work. The
results of that review are contained in
the panel's Seed Unit Study Report
{February 1987). The response to the
panel’s recommendations (The CIAT
Seed Unit: CIAT Management Recom-
mendations on the Nature and Future
of the Seed Unit, 1987} was adopted by
tha Board of Trustees in May 1987 as
the biueprint for the unit during the
next decade.

The unit is directly assisting in the
increased use of good seed of improved
cultivars of CiIAT-mandated com-
modities and those of other 1ARCs in
the region {primarily CIMMYT), The
unit’s two senior staff {Table 4) col-

taborate closely with appropriate:

groups in the public or private sector
throughout Latin America and the
Caribbean; for example, to develop
nonconventional seed production
activities, specially in areas where the
existing seed sector shows little in-
terest in CIAT or CIMMYT commod-
ities. In addition to serving as a vehicle
to transfer improved genotypes from
the reseach institutions to thefarmer’s
fields, good-quality seed minimizes the
dissemination of weeds and seed
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borne diseases, thereby decreasing
the dependence on chemicals and in-
creasing the potential for sustainable
agricultural systems.

The unit assists national programs
i

* Diagnosing constraints to dis-
semination of improved varieties.

* Daveloping plans and policies to
oversome seed-related cons-
traints.

* Designing and adapting tech-
nologias and strategies to support
seed production, including those
appropriate for smallfarm groups.

+ Upgrading human resources.

» Establishing and supporting seed
research and technical networks
to foster integration of efforts.

its activities are grouped imo five
ares: human resource development,
seed-related research, seed produc-
tion, seed testing and documentation,

Human Resource Development

CIAT-based advanced courses and in-
service training concentrate on seed
production, quality control, seed con-
ditioning (drying, processing and
storage), and nonconventional sys-
tems, with emphasis on CIAT com-
maodities. Training for trainers will be
an essential component to promote in-
country courses opriented toward
solving specific constraints. Thesis
research opportunities will be ex-
panded to promote work on seed



technology research and organization
of seed systems for small-farm groups,

Workshops and seminars will be
carried out at CIAT with leaders, re-
searchers, policymakers, donors and
others from both the public and private
sactor to assist in the formulation of
adequate strategies and plans to
strengthen national seed programs.

Seed Research

Research on seedtechnology will work
on field production for CIAT com-
modities as well as drying, condition-
ing and storage. Applied research to
support commeodity programs will
focus on screening technologies for
seed quality characteristics, drill box
surveys, field deterioration, dormancy,
quality-testing methods, and appro-
priate technologies for small-scale
seed production.

Research on organizational aspects
of seed production will emphasize the
development of methods to diagnose
institutional constraints for the de-
velopment of small-scale systems,
designing alternative models ac-
cording to commodities and socio-
economic circumstances.

Other Activities

The unitwill, when necessary, produce
breeder and basic seed to accelerate
initial muitiplication phases in national
programs. Also, it will concentrate on
the identification of scientific and
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technical information considered vaiu-
able to support the seed networkinthe
region. Activities include the collec-
tion, production and dissemination of
proceedings, newsletters, case studies
of interest to the whole seed network;
scientific and technical publications of
interest to seed workers; and training
mateials inciuding audiotutoriais,
videos, handouts and reference books.

Resource Regquirements

Starting in 1989, the unit will require
additional resources o provide guality
control services to the CIAT programs
{physiological, genetic and sanitary
aspects}for seed distributed to national
programs. This represents a transfer
of resources from the GRU.

The two current senior staff are
essential to continue activities through
1993 {Tables 4 and 5}, and they will
draw on support from visiting scien-
tists, short-term consultants, post-
doctoral feliows and national scien-
tists.

Emphasis within the unit will gra-
dually change, as will the allocation of
resources by activity. Increases are
expected for human resource devel-
opment at the country level, research
on the development of small-scale
systems, diagnosis and planning, and
seed-quality testing services for CIAT
commodity programs, whereas the pro-
portion devoted to conferences and
short courses at CIAT headquarters
wilt decline {Table 26).



Teble 26

SEED UNIT
Resource utilization by activities for the years
1988, 1985 and 1593

wEs 1989 1993

RESEARCH 4 % %
CLrop Production 1.0 11.0 13.0
Analysis 8.5 2.0 11.5
Exploratory & Methodology Development 5.0 5.0 6.0

TOTAL RESEARCH 24.% 25.¢ 30.5

IHSTITUTION BUILDING & NETWORKING

Training 30.3 30.5 2.5
Conferences and Seminars 18.0 18.0 15.0
becumentation & Information 10.0 10.9 8.0
Counseling/Advising HARS 6.0 5.0 £.0
Yechnical Assistance 8.0 5.0 &.0
Network Coardination 3.0 2.5 2.0
TOTAL INST. BUILD.& NETWORKING 75.5 75.0 £9.5

TOTALS 106,86 100.0  100.0
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