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Foreword
 

The work of an international agricultural research institute becomes meaning
ful only when the results can be effectively conveyed to their ultimate 
user- the farmer- through the scientists and extension agencies of the 
many nations served by that institute. It seemed appropriate to us that a 
symposium inaugurating the new facilities of ICRISAT Center should focus on 
the development and transfer of technology for rainfed agriculture - a vital 
but hitherto largely neglected area of agricultural production that ICRISAT has 
a mandate to improve.

The symposium was held 28 August to 1September 1979 as a m;jor event of 
inaugural week activities. Ii: was attended by scientists anrd development
officials from 28 countries and by representatives of four international 
organizations - the UNDP, World Bank, FAO, and the Consultative Group on
International Agricultural Research (CGIAR), which supports the work of the 
international research centers. Collectively, the participants represented many 
years of extensive and varied experience in research and development of 
agriculture in the semi-arid tropics (SAT).

They reviewed ICRISAT's research since the inception of the Institute in 1972 
and the relevance of that research to the theme of the symposium. They
explored the philosophy, concepts, and practice of technology transfer and its
problems and potential, particularly in the semi-arid areas of India, Africa, and 
Latin America where ICRISAT pursues its mandate. Scientists working in 
various countries of the SAT shared ihcir experiences and the particular
problems of their own regions, as did representatives of other international 
organizations.

Finally, integrating all these topics, was a session on establishment of 
linkages for the transfer of technology -the problems and prospects. A 
six-member panel of scientists representing different regions defined areas of 
high priority in the development of technology and its transfer to the 
resource-poor small farmer of the rainfed semi-arid tropics.

ICRISAT is pleased to present this volume of the papers delivered and 
summaries of discussions held. We hope it will serve both as an up-to-date
review of work being done and as a stimulus for further consideration of how 
best to convey to the small farmers of the SAT technological advances that 
should improve their crops, their farming systems, and their lives. 

We acknowledge with gratitude the efforts of all of those who came from far 
and near to share the benefits of their experience and make the symposium a 
success. I also thank Dr. J. S. Kanwar, Director of Research, and those staff 
members who assisted him in planning and organizing the symposium. The 
Institute benefitted immeasurably from this experience. 

L. D. Swindale 
Director General 
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Opening Session
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The Mission of ICRISAT 

L. D. Swindale* 
It is my pleasure indeed to welcome to Patan-
cheru and ICRISAT Center so many friends of 
ICRISAT, so many people who have contributed 
to the development of ICRISAT, so many people
who are interested in ICRISAT, who want to 
cooperate with the Institute, and want to learn 
more about it. lam very pleased to see you here. 

There were times I thought this building
would never be finished. The fact that you are 
sitting here today and that we have started 
this session is testimony that it is indeed 
finished -enough, at least, for us to hold an 
international symposium on Development and 
Transfer of Technology for Rainfed Agriculture
and the Semi-Arid Tropical Farmer. 

This is a very important subject, and a very

fitting one, I think, for a symposium connected 

with the Inaugural Week of ICRISAT. Only if we 

have a reasonable ability to transfer agricultural
technology will ICRISAT's work  particularly 
its work in farming systems- be really worth 

doing. The same is true for the work of all the 

international agricultural research centers 
indeed, it is also true for national systems of 
agricultural research - both because they
themselves rere able to accept the benefits of 
transfer of technology as well as contribute 
to it internationally and because within any 
country, however rich, it is never possible to set 
up research units for every single environmen-
tal and sociological niche. Transfer of technol-
ogy is necess3ry to ensure that all can benefit 
from its value. 

In spite of the importance of this subject,
however, the literature about it isfairly sparse. I 
know; I have long been concerned with and 
interested in the subject, particularly in relation 
to my work in the Benchmark Soils Project ofthe 
University of Hawaii, and, more recently, in 
preparing a paper for this symposium on the 
problems and concepts in the transfer of 
technology. There is not a great deal in the 
literature about the concepts and even less 
about testing their efficiency and validity. So 
this symposium will do at, essential job in the 

Director General of ICRISAT. 

evl PUqu-

field of international agricultural research and 
its transfer and communication around the 
world, giving us some idea of the state of 
knowledge in this field. 

As many of you know, ICRISAT was the first 
center created by the Consultative Group on 
International Agricultural Research. Five 
other centers - CIMMYT, IRRI, CIAT, IITA, 
CIP-existed prior to the formation of the 
Consultative Group itself. But in late 1971, the 
Consultative Group decided on the basis of a 
1970 report by Clarence Gray that the lack can 
upland crop research institute constituted a 
major gap. They called upon an expert 
team - Hugh Doggett, Louis Sauger, and 
Ralph Cummings- to recommend the nature 
of such an institute. As a result, ICRISAT was 
formed with a mandate to serve as a world 
center for the improvement of the genetic po
tential of sorghum, pearl millet, pigeonpea, and 
chickpea; to develop farming systems; to help
increase and stabilize agricultural production
through more effective use of natural and 
human resources in the seasonally dry semi
arid tropics; to identify socioeconomic con
straints and to evaluate means of alleviating
them; and to communicate information 
through conferences, training programs, etc. 

The first mandate of ICRISAT did not include 
groundnuts but the report of the experts had 
recommended that this crop be added at a later 
date, and this was done in 1976. 

This is where our stated mandate stands 
today. But I believe a significant change oc
curred in 1977 and 1978, when the Governing
Board accepted requests made by the Inter
national Board for Plant Genetic Resources to 
have ICRISAT serve as a primary repository for 
genetic resources of its five crops and for minor 
millets. This decision has increased our work in 
the Genetic Resources Program significantly.
We will serve not only to collect these re
sources, but also to describe them, to maintain 
collections, and to distribute the germplasm 
itself. 

Now, the mandate of any international insti
tute covers a broad field of activities - far more 
than we can do at any one time. So it is 
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necessary, for any given period of years, to 
focus on some particular aspect or group of 
aspects of the mandate and leave others for a 
later time. Our Governing Board at tho present 
time has focused our attention upon the small 
farmer of limited means working in rainfed 
agriculture. 

This is clearly in accord with the desires of the 
Consultative Group. First, the Center was set up 
to work specifically on c.ops that are more 
subsistence than commercial. Second, the Con
sultative Group itself has made several state
ments that clearly indicate its belief in the 
importance of working for this particular sector 
of humanity. In the words of aSwedish delegate 
to the CG meetings acouple of years ago, "the 
research should be problem-oriered and pro
duce results that benefrt the mejority of farmers 
in low-income countries, on food commodities 
which are widely consumed and collectively 
represent amajority of the food resources of the 
developing world." ICRISAT accepts this di
rective. Inour work you will see emphasis upon 
biological and technological research. But our 
goal also has social content, with an important 
input from the social sciences. All these inputs 
are designed to serve the needs of this particu
lar group of disadvantaged people. So it is only 
fair to say that ICRISAT ispeop/e-oriented. With 
that in mind, we look forward to receiving your 
views on how newtechnology, once developed, 
can best be transferred to those it is intended to 
benefit - in our case, the small farmers of the 
semi-arid tropics. 
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Research at ICRISAT - an Overview 

J. S. Kanwar* 

Abstract 

In recognition of the need to improve the well-being of the farmers of the semi-arid 
tropics and bridge the gap between food production and demand, the Consultative 
Group on International Agricultural Research constituted ICRISA T in 1972. The Institute
has a global responsibility for crop improvement research in sorghum, millet, chickpea,
pigeonpea, and groundnut. It also has a special mandate for research in farming
systems, socioeconomic constraints, and transfer of technology for the seasonally dry
semi-arid tropics, to catalyzea breakthrough in theagricultural production of the region.

ICRISA T has established a gene bank of48 000 accessions and exchanged more than
250 000 seed packets with research workers in 67 countries. It is improving crop yield
potential and stability consistent with good nutritional quality and is developing
concepts and practices for optimizing production and increasing monetary returns to
farmers. Our scientists are working and interacting with national scientists in Asia,
Africa, and South America to develop and transfer a more efficient and more
remunerative technology to produce a visiblechange in the foodproduction of the SA T. 

As the name implies, ICRISAT is a crop research mean that one searches for a technology
institute that is international in character. It has based on no inputs but rather one based
global responsibility for five crops - sorghum, on a range of inputs, with high payoff. Itmilleis, pigeonpea, chickpea, and ground- should result in greater monetary return 
nut -,and a special responsibility for research than the traditional technology in use byfor the development and transfer of techrology the farmers, even under the normal condi
in the seasonally dry rainfed areas of the semi- tions in which they operate. Thus, relevant
arid tropics (SAT). All five crops of concern to and excellent technology foi the SATICRISAT are of major significance in the SAT, farmer is the mandate of ICRISAT; how to
where 44% of the world's sorghum, 55% of the develop and how to transfer such a
pearl millet, 90% of the chickpea, 96% of the technology to small farmers of the SAT ispigeonpea, and 67% of the groundnut are the focus of this symposium.
produced and consumed directly as human 2. The crops of concern to ICRISAT are low
food. They are the main source of calories, value crops and genera'ly do not enter theprotein, and fat for about 600 million people world market, except for groundnut; thusliving in 49 countries of the semi-arid tropics. price incentives for their production are 

To appreciate the challenges facing often missing.
ICRISAT's scientists, one has to keep in mind 3. These are the least researched crops in thethe following specific charactcristics of the developed countries and are also ignored
semi-arid tropics: by the LDCs; thus most of the new ground1. Most of the cropping in the SAT is, and will in research must be broken by ICRISAT. 

continue to be, under rainfed conditions; a 4. Fertilizer-responsive genes like those that
majority of the farmers are small farmers produced the so-called "miracle seeds" of
with meager resources - our target wheat and rice are yet to be discovered in 
group, as Dr. Swindale has aptly called many ICRISAT crops, especially in pulses
them. ICRISAT's technology must be and groundnut.
relevant to these resource-poor farmers 5. Technol )gy based on high inputs is not
and be transferable to them. This does not practicat je for these crops.

6. Their yiolds are low and production isDirector of Research. ICRISAT. unstable due to too much aberrant 
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weather and a high incidence of diseases 
and pests. 

The yield data in Table 1 show the average 
yields in the SAT and the potential yields of 
these crops realized at ICRISAT under rainfed 
conditions. 

Table 1. 	 Average yields and experimental 
yleld3 of ICRISAT's five crops (kg/ 
ha). 

Experimental yield at ICRISAT 

Average Under high Under low 
Crop inSAT fertility fertility 

Sorghum 842 4900* 2627* 
Pearl millet 509 3482 1636 
Chickpea 591 3055 3079 

(Hissar) (Hissar) 
1450 1399 

(Hyderabad) (Hyderabad) 
Pigeonpea 666 2530* 2326
Groundnut 794 2573" 17'2 

Farming Systems' operational- scale triels. 

From these results it may be observed that, 
even under low fertility conditjonsi the new 
technology can give yields two to three times 
higher than the average yield obtained by SAT 
farmers. These yields give some idea of the 
prospects for the new technology. How to 
bridge this gap is a big question with techno-
logical and socioeconomic aspects. 

Historical Background 

ICRISAT was constituted in 1972, but most of its 
activities started in 1973, after the Director, 
Associate Director, and several scientists 
joined. Without waiting for the building 
facilities that are being inaugurated this week, 
the Institute started work in earnest to attain the 
goals that the Doggett-Cummings-Sauger 
Committee had mentioned in its feasibility re-
port and that ICRISAT's Governing Board 
adopted as the mandate. These objectives can 
be briefly summarized as: 

* 	Genetic resources and crop improvement 
research 

* 	 Farming systems or resource manage
ment research 

0 	 Socioeconomic research relevant to the 
above themes 

* 	Transfer of the knowledge acquired, the 
material generated, and the concepts de
veloped 

To appreciate the value of the research ac
tivities, it may be desirable to examine our 
research organization and the mandate area of 
the SAT. 

ICRISAT has six main research programs 
sorghum, millets, pulses, groundnut, farming 
systems, and economics- and seven support
programs. Every research program has an in
terdisciplinary team of specialists who work 
together to achieve tho common goal. 

The Government of India generously pro
vided 1394 hectares of land at Patancheru for 
the research farm and the campus of the Insti
tute. The area is comprised of both Vertisols and 
Alfisols, the two important soil groups of the 
semi-arid tropics. ICRISAT's research activities 
are not confined to this one station; it has 
access to a number of cooperative research 
stations in different environments in India and 
Africa. It also has a cooperative network with 
the national programs in the SAT. Without 
these facilities, the Institute would not have 
been able to fulfill its global responsibilities. 

ICRISAT's geographical mandate area is 
restricted to the SAT as defined by Troll.' 
ICRISAT's agroclimatologists are trying not 
only to define the boundaries of the SAT but to 
develop models of cropping systems based on 
the climatological and soil parameters and the 
information Lollected by ICRISAT biologists, 
engineers, physical scientists, and economists. 

need hardly emphasize ,hat in all our re
searches we are keeping in mind the overall 
constraints of water and capital in the SAT. To 
develop technologies relevant to the small 
farmers of the SAT, spread over 49 countries of 
the world, we have set apart special areas in 
both Alfisols and Vertisols at ICRISAT Center. 
These include: 

a 	a low-fertility area compa .,le to the 
farmer's situation for testing crops with no 
or !ow inputs 

1. D.Troll, 1965, Seasonal climates of the earth, Page 
28 in World maps of climatology, eds. E.Roden
waldt and H.Jusatz. Berlin: Springer-Verlag. 
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* 	 a pesticide-free area for evaluation of 
material under natural conditions - i.e.,
without an umbrella of pesticides

* 	 a number of watersheds with natural to-
pography suitable for testing all
technologies under natural environments 

We have also andeveloped international 
system of cooperative work for sampling the 
range of environments of the SAT. This is done 
through international nurseries that evaluate 
material under natural pressures of diseases, 
pests, climate, and soil conditions, 

We have recognized that an international 
center can act only as a catalyst, pacesetter, and 
concept builder; it has to work with the national 
programs to develop and transfer appropriate
technology and reach its target group of far-
mers and its client group of scientists. 

Research Overview 

now 
research efforts. My colleague program leaders 
will give you a comprehensive picture of the 

Let me give you an overview of our 

research, so I will only stress some impornt
points, 

The high priorities in crop improvement re
search have been: 

"Collecting genetic resources and evalua-
tion, storage, and exchange of these re-
sources 

* Increasing yield potential through genetic
engineering for rainfed conditions and low 
monetary inputs 

* 	 Increasing stability of high yield by incor-
porating resistance to yield reducers* 	Developing appropriate technology for the 
SAT 

s Improving nutritional quality of crops
The first task befcre us was assembling,

collecting, evaluating, and cataloging germplasm of sorghum, pearl millet, pigeon-
pea, chickpea, and groundnut. Special im-
portance has been given to the collection of
wild species of those crops that provide a rich 
source of resistance to diseases and nais and
of tolerance to environmental stress. Table 2
shows the number of germplasm lines in our 
collection today. The present rcollection of more
than 48 000 accessions is the world's largest in 
these crops. It also includes the wild species
that our scientists have collected from hitherto 

inaccessible areas all over the world. On behalf 
of the International Board for Plant Genetic 
Resources (IBPGR) and our clients, we also
maintain germplasm collections of minor mil
lets. Much of this material was in danger of
extinction, and ICRISAT was requested to move 
in quickly to become the world repository for it.
Dr. Melak Mengesha and his colle,,gues are
making a strenuous effort to complete the collec
tions and make this rich heritage available to 
users all over the world. The information has
been computerized and is being updated sys
tematically. We are in a position to supply lines
with specific traits to the national programs and 
thus catalyze and strengthen their research. In
the last 5 years, our Quarantine Unit has been 
able to exchange more than 250 000 seed sam
pies from our gene bank and breeders' labs with 
scientists in 67 countries. We have also de
veloped seed-exchange arrangements withChina, the USSR, and gene banks in the USA, 
besides the 49 countries of the SAT. 

Table 2. NumberofaccessonswiththeGene
tic Resources Unit. 

Accessions of Accessions of

Crop cultivated spp wild spp

Sorghum 16 579 °
145 (8)
Pearl millet 5332 33 (17)'
Pigeonpea 5 971 56 (14)'
Chickpea 11 225 47 (20)'
Groundnut 7 000 27 (20)'

Minor millets 2076 (6)4
 

Numbers Inbrackets Indicate species. 

Sorghum 

Our sorghum research is confined to sorghum
grain for human food. We realized that for a 
breakthrough in its production, first priority
should be given to research on yield and on 
quality reducers such as downy mildew, head
mold, Striga, shoot fly,stem borer, and drought
and soil stress. Genotypes resistant or tolerant 
to these stresses need to be developed. Incor
porating genes for high lysine and high protein
has been given consideration, but we realize 
that considerable basic research is needed to 
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attain any tangible results. Our conclusion is 
that nothing should be done at the cost of the 
yield and its stability; however, we must ensure 
that high yield is consistent with optimum 
protein and lysine content and consumer ac-
ceptability. 

When ICRISAT started its work, major 
emphasis in the world was on development of 
sorghum hybrids. Our scientists realized that 
population breeding needed emphasis. A 
number of lines from this program that per-
formed we'l in overseas and local trials wrore 
selected for use in the national program's in 
Ethiopia, Niger, Mali, Upper Volta, Sudan, and 
India. Several entries showed lowest mold 
score in the international nurseries of grain 
mold for 3 years successively. Five other entries 
have shown resistance to downy mildrw. One 
line, QL3, has been found immune to downy 
mildew in Africa, Asia, and South America. In 
the future, breeding for resistance to charcoal 
rot, stem borer, and midge will be intensified, 

We have observed that the consumer's ap-
praisal of the product - chapati in India and 
enjira in Africa -gives a good idea of the 
quality of the grain. Our scientists have con-
sidered this in making evaluations. 

Pearl Millet 

Downy mildew had been identified as the villain 
affecting the future of hybrids and all improved 
varieties of pearl millet. Development of a 
technique for screening for resistanceto downy 
mildew and breeding for resistance was given 
highest priority. Today we have controlled this 
problem and made the resistant lines available 
to national programs. In fact, all the hybrids, 
experimental varieties, and synthetics being 
developed by ICRISAT have low susceptibility 
to downy mildew. 

In the case o pearl millet, the population 
breeding approach has paid rich dividends; 
many of the experimental varieties and syn-
thetics developed by ICRISAT have proved their 
merit in international tests in Africa and India. 
Some of them are under testing at prerelease 
stage. This has opened a new chapter in the 
development of pearl millet. An outstanding 
example is WC-C75, which has gone to minikit 
trials on farmers' fields in India. Even better 

nationalmaterial than this has entered the 

testing programs. In 1978, ICRISAT contributed 
19 entries to the trials under ti;e All India 
Coordinated Millet Improvement Project  one 
hybrid (ICH-105) and three experimental varie
ties (WC-C75, IVS-A 75, and MC-C?5) are in 
advanced trials; two new hybrids (ICH-154 and 
ICH-165), two experimental varieties (SSC-H76, 
MC-P76), and a synthetic (ICMS-7703) have 
entered initial trials; and ten elite restorer lines 
are in parental trials. 

Breeding work to combine high yield and 
good protein is under way, as the data over the 
last 3 years indicate the possibility of selecting 
for increased protein content without detriment 
to yield or seed size. 

The Pearl Millet Improvement Program has 
entered a very exciting phase. Breeding for 
resistance to ergot is receiving the greatest 
attention, and many promising lines are under 
test. Resistance to smut, rust, and Striga will 
receive more attention in future. The prelimi
nary studies by our microbiologists show that 
some lines of sorghum and millets have even 
up to ten times as much nitrogenase activity as 
the check; the consistency and practical sig
nificance of these results are yet to be de
termined. 

Pulses 

In chickpea and pigeonpea, the major handicap 
has been the absence of photoperiod
insensitive plant types responsive to monetary 
inputs such as fertilizer, irrigation, and pes
ticides. Also, the "green revolution" has pushed 
these crops onto marginal lands, thus reducing 
the production and availability of pulses to 

. 
consumers. As a consequenc the prices of 

pulses have shot up to abnormally high levels, 
thus putting them out of reach of poor people in 
countries like India. 

Thanks to our cooperators in India and at 
ICARDA, the research on chickpea is pro
gressing very well. A few lines with high-yield 
potential have already entered the coordinated 
yield trials in India. International nurseries are 
providing valuable information. The pulse 
pathologists have made considerable progress 
in identifying disease-resistant genotypes and 
developing techniques to help breeders in pro
ducing lines that combine high yield and dis
ease resistance. The confusion about chickpea 
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wilt has been resolved, and genotypes resistant 
to wilt have been identified. 

In pigeonpea, the male-sterile lines have been 
identified, and hybrids capable of giving 30 to 
40% higher yields have been developed. Breed-
ing lines resistant to sterility mosaic and wilt 
have also been developed. Eight early matur-
ing, two medium-maturing, and one hybrid
have been entered in tests of the All India 
Coordinated Program. High yield potential of 
pigeonpea planted in the rabi (postrainy) 
season in areas of the Indian subcontinent has 
been demonstrated, and the possibility of ra-
tooning has been studied. Vegetable-type
pigeonpeas are being developed. Other impor-
tant developments are in prospect for the fu-
ture. 

Groundnut 

The program on groundnut started in 1976. First 
priority has been given to building up a 
germplasm bank and incorporating disease re-
sistance, particularly to rust, leaf spot, and 
viruses. Breeding for high-yield potential is in 
progress. It is gratifying to note that the hybrid-
ization technique in groundnut has been suc-
cessfully employed; the success rate, which was 
less than 10% in the field, has been increased to 
more than 50%. Interspecific hybrids of culti-
vated and wild species are promising sources of 
resistance to diseases. The segregating elite 
populations are being supplied to national prog-
rams in India, Africa, and Southeast Asia. 

Our breeders have found new sources of 
resistance to groundnut rust and have de-
veloped techniques for screening material in the 
rainy and postrainy seasons. Our work on 
groundnut virus diseases is entering an exciting
phase. Many new virus diseases have been 
discovered and sources of resistance identified. 
The microbiologists have identified some prog-
enies of normally nodulating groundnuts that 
did not nodulate. This seems to be a useful 
indicator for nitrogen-fixation studies. A new 
assay method, based on measurement of 
Allantoin concentration as an index of nitrogen
uptake from biologically fixed nitrogen as com-
pared to soil nitrogen, seems to be promising. 

Farming Systems 

The main goal of farming systems research isto 

develop concepts and techniques for increasing
production through better "'se of natural and 
human resources in the seasonally dry semi-arid 
tropics. These areas are characterized by harsh 
climate, eiratic rains, and impoverished soils;
they are inhabited by some of the world's 
poorest farmers, with meager resources for in
novative and efficient agriculture. Rainfed crops
and subsistence farming, intercropping, low in
tensity of cropping, use of human muscle and 
animal power are common features of agricul
ture of these areas. Keeping this background in 
mind, ICRISAT's Farming Systems Program 
has developed: 

* 	 a technology for doubjle cropping of deep 
Vertisols, 20 million ha of which normally 
are single cropped in SAT India. 

0 	 efficient intircropping that improved pro
duction 20 to 70% over sole cropping; 
millet/groundnut on an average recorded 25 
to 30% advantage. 

9 	a small-watershed concept for land and 
water management and increased crop
production, with a broadbed-and-furrow 
system and the Tropiculteur or bullock
drawn wheeled tool carrier serving as 
kingpins of the technology. 

0 	 a technique of harvesting, storing, and 
reusing runoff water for life-saving irri
gation, extending the cropping season, or 
increasing the intensity of cropping. It is a 
concept of using rainwater in situ against 
the concept of irrigated farming based on 
transported water or mined water. 

0 a concept and technique of combining
various steps in technology for a syner
gistic effect on increasing production in 
both Alfisols and Vertisols. 

Farming systems research is integrating all 
aspectsofresearchinaholisticwayandstudying 
the possibility of its transferability under far
mers' conditions. With this objective in view, 
operational-scale trials on cultivators' fields have 
been started in three villages -Shirapur 
(Sholapur), Kanzara (Akola), and Aurepalle 
(Mahbubnagar) in the states of Maharashtra and 
Andhra Pradesh, India. This work is being done 
in cooperation with the national and state re
search organizations. 

The farming systems research is also being
extended to West Africa, and it isinteracting with 
national and regional programs in South
America and Southeast Asia. We feel that in the 
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future farming systems research will advance 
more in the direction of on-farm trials, entering 
into this phase with the help of national pro-
grams and with the cooperating farmers acting 
together to bring about a revolutionary change in 
the agriculture of the SAT. 

Socioeconomic Research 

Our economists are interacting with the farming 
systems scientists to measure the efficiency and 
economic feasibility of various practices. An 
analysis of the operational-scale data from 
ICRISAT watersheds has confirmed that the 
broadbed-and-furrow system on deep Vertisols 
was more profitable than the traditional flatbed 
system; this has not yet been proved to be the 
case on the medium-deep Vertisols and on 
Alfisols. The Village-Level Studies have indicated 
the relevance of intercropping research by 
ICRISAT, and the unsuitability of chemical weed 
control for the low-wage situation of SAT India, 
where the price of herbicides is high and labor is 
plentiful. Studies on risk aversion have shown 
that both small and large farmers are moderately 
risk averse. In the next phase in India, the Village-
Level Studies will be extended to the chickpea-, 
groundnut-, and peart-millet-growing areas of 
northern India. 

Transfer of Technology 

All these researches that I have discussed are 
aimed at fulfilling ICRISAT's mission. They 
focus on the development of suitable techno
logy and lead to the last, but not the least 
important, aspect called Transfer of Techno
logy. In the next few days you will hear from 
our colleagues and cooperators about the 
mechanism of transfer of technology. I may 
only mention at this stage that to transfer 
knowledge and exchange information, we have 
held ten international workshops, trained 216 
research workers, and facilitated visits to 
ICRISAT of a few thousand visitors who could 
see our experiments in field and lab and ex
change ideas with our scientists. 

Looking Ahead 

We recognize that ICRISAT's task is difficult but 
know it is well worth the effort. Our scientists 

are engaged in problem-solving research, keep
ing in mind its relevance and excellence to meet 
the needs of our target group in the SAT. We 
believe that with the dedicated efforts of our 
scientists and cooperators, the support of our 
donors, and the participation of farmers, a 
technology highly remunerative, appropriate, 
and transferable to farmers of the SAT will 
become available. It is a slow process, but we 
are on the right path. ICRISAT has entered a 
distinctly new and exciti ,g phnse in the de
velopment of technology and its transfer to 
farmers of the semi-arid tropics for improving 
their well-being. 

10 



Session 2
 

ICRISAT Researches
 
for Development of Technology
 

for the SAT
 

Chairman: R. W. Cummings
Co-Chairman: Ampol Senanarong 

Rapporteurs: J. R. Burford 
K. L. Sahrawat 
R. Jambunathan 
S. C. Gupta 



Cereals improvement Research Technology 
for the Semi-Arid Tropics 

J. C. D .OGa 

Abstract 

The major cereals ofconcern to ICRISA Tare sorghtim and millet, which rank fourth and
fifth in terms of world cereal production. They are grown extensively in the semi-arid 
tropics as staple foodstuffs, since they have an ability to withstand dry conditions. They
have a low cash value and are usually grown as subsistence crops in pcor agricultural
situations; hence,' they cannot stand high agrochemical or expensive technological
inputs. The Cereals Program at ICRSA Thas been formulated with these points in view. 
Research in all disciplines has focused on production ofseed with desirable characteris
tics to help to reduce the impact of the major yield-reducing factors - drought, insect 
pests, diseases, and parasitic weeds. Major advances have been made in the area of 
screening and breeding for resistance to these factors. Many of theze techni,-j- ,e 
already being used extensively in India and Africa. 

The two cereals of concern to ICRISAT are 
sorghum (Sorghum bicolor Moench) and pearl Table 1. Relative Importance of sorghum anrJ 
millet (Pennisetum americanum Leake). These, millet to total careal area and pro
with maize, are classified aq coarse grains and duction In the world. 
rank fourth and fifth, respectively, in terms of Percentage of world cereal 
world cereal production. This is not a reflection 
of their real importance however, as they are Crop Area Production 
often the main subsistence food crops of some 
of the poorest and least privileged people on World sorghum 8.1 4.9 
earth. The relative importance of sorghum and World millets 7.5 2.4 
millet in terms of total cereal area and pro- World sorghum & millets 15.6 7.3 
duction in the world is shown in Table 1. 

If the People's Republic of China is included in 
world figures, some 58% of the world's sor- There is also a need for it. Although pro
ghum area (about 59 million ha) and 65% of the duction of coarse grains has been increasing
world's millet area (about 55 million ha) are steadily, ifnotspectacularly, since1964,there is
in the SAT. However, only 44% and 55%, re- a deficit forecast for West Africa in 1980, with a
spectively, of the production is obtained from supply/demand balance in India - a very con
this area. The yields from the SAT sorghum siderable producer -in the same year. The 
areas are about 800 kg/ha; from millet areas, demand for coarse cereals is projected to in
about 500 kg/ha, both significantly lower than crease at about 2.4% annually, and there are
the world average. In the non-SAT aroa of forecasts that by the mid-1980s there will be
Africa, for instance, mean sorghum yields of deficits of 8 to 10% in India and 28% in eastern
1771 kg/ha are quoted, whereas in the de- and west-central Africa. By the 1990s, the LDCs
veloped world the figure is 4194 kg/ha. There is, will have deficits of about 37%. 
theref,, re, considerable scope for technological Against this background, our cereals pro
innovation to improve the situation in the SAT. gram seeks, as a basic objective, to increase 

food supply in the SAT countries through the
Leader, Cereal Improvement Program, ICRISAT national programs. It recognizes that several 
(now Director for International Cooperation, major yiela-'educing factors are in operation in 
ICRISAT.) the SAT, such as insect pests, plant diseases, 
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parasitic weeds, and drought. By combating 
these, it seeks to include an element of stability 
in the higher yield levels that we hope will be 
developed by breeders from exploitation of 
germplasm being assembled at ICRISAT. To 
succeed in this aim, a 'ully integrated approach 
is being used, in which all the major 
disciplines -genetic resources, entomology, 
pathology, physiology, and microbiology-
contribute to the new genotype produced by 
breeding. 

Research Technology 
for the SAT 

The technology currently used and the cultivars 
grown by subsistence farmers in the SAT have 

often evolved together over eons and produce 
an equilibrated, if low-yielding, situation. Pat-
terns of agriculture are adapted to suit con-

ditions, but the existing technology and pat-

terns cannot cope with the rapidly increasing 
SAT populations. 

Knowledge in agriculture and progress in the 

agricultural sciences have made quantum leaps 
in the last 40 or so years in temperate climates, 
and modification and adaptation of this know-

ledge can contribute to research in the SAT. 
However, many of the innovations developed in 

agriculture in temperate zones have already 

been shown to be environmentally question-

able; some are downright exploitive and, of 

late, highly energy-consuming, which serves to 

underline the care that must be taken to study 

and explore thoroughly the prospective 
technology for the SAT. There also exists a need 

to develop suitable research technology that 

takes into account the known facts and possible 

futuretrendsinagricultureforthebenefitofthe 
SAT farmer, a to consid.ar noiiticil and 

socioeconomic iactors involved in introduction 

of new research technology that can, further 

down the line, have significant effects on the 

economics of nation states. 
areClearly, with sorghum and millet, there 

strict economic limitations on what can be done 

by way of technological innovation, and these 

should be reflected in the type of research 

carried out at an institute such as ICRISAT, at 

least in the short term. Although the cops are 

so crucially important to indigenous popu-

lations of the SAT, they are low in cash value 

and ar, essentially items of internal trade. 
Obviously they will not stand big agrochemi
cal inputs- either fe-tilizer or pesticide
although both can usually be demonstrated to 
provide considerable yield advantages. These 
known constraints have fashioned the ap
proach we have taken in the ICRISAT Cereal 
Program. We have accepted that both the 
breeding stock and any technology coming 
from research programs must be applicable to 
the situation existing on the peasant farmer's 

land and research techniques developed must 

be of use to scientists working in less than ideal 

conditions. 
It is convenient to consider developments in 

our research technology in cereals improve

ment in the light of this, under the different 
discipline headings. It is necessaryto stress that 

each discipline has its part to play in crop 
improvement but that success in our objective 
will come only bya close integration of research 

at all stages, and by adoption of input from 

n3tional researchers, who are close to th" 

farmer. 

Pathology 

Serious yield-reducing diseases affect sorghum 
and pearl millet; severe downy mildew 

epidemics, for example, decimated the Indian 

pearl millet hybrid crop during the early 1970s. 

The major aim of the ICRISAT Cereal Pathology 

team is to identify, and help the breeder utilize, 
stable disease resistance. Effective screening 

techniques are basictothis work,and they need 

to be based on a sound understanding of the 

biology and epidemiology of the diseases. A 

major part of the technology generation in 

cereal pathology has been the development of 

new, or adaptation of existing, screenirg 

techniquessothattrulyresistantsourcescanbe 
identified. 

A good example is the work with the pearl 

millet downy mildew mentioned earlier. Our 

scientists elucidated the role of sporangia in the 

epidemiologyofthisdiseaseand, based on this, 

developed highly efficient screens. The joint 

use of this technique by breeders and 

pathologists has enabled us to rapidly select 

downy mildew resistant -ersions of our popu

lations and to develop resistant hybrids and 

varieties, several of which are performing well 

in the All India Coordinated Millets Improve
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ment Proj6ct (AICMIP). The technique is being
successfully used in ICRISAT cooperative prog-
rams and increasirily by national program 
scientists. Similar screens have been developed
for a range of other diseases - pearl miliet 
ergot, sorghum grain molds, and charcoal rot,
for example - and dre already in use both here
and overseas. This is an important, though
nonquantifiable, technology development and 
contribution. 

Entomology 

Several innovations and adaptations have been 
made with regard to screening for two of the 
major insect pests of sorghum - shoot fly and 
lowland stem borer. These involve, for shoot 
fly, the use of susceptible spreader rows and 
fish meal attractant for large-scale germplasm
screening and, for stem borer, the development
of an artificial diet that enables extremely large
numbers of larvae to be reared and to be 
available at the blackhead stage by the very
beginning of the sorghum season. These larvae 
are introduced into the funnels of sorghum at 
the appropriate stage for infestation, using a 
gun developed at CIMMYTand modified for use 
at ICRISAT. Between five and seven larvae are 
introduced into each plant in a measured 
quantity of finger millet seed. Whole fields of 
material under test can be rapidlytreated by this 
method, enabling us to screen both germplasm
and breeders' material. The diet is already being
successfully used by several cooperators. 


These are examples of adaptation of existing

techniques and rapid dissemination of ideas, 3 

task which an institute such as ICRISAT is 

unquestionably well set up to carry out. 


Inthe field of insect population dynamics, one 

of the major research areas is development of

trapping methods - light, chemical attractant, 
and pheromone. A technique using fish meal,
ammonia, and brewers' yeast proved highly 
successful in attracting female shoot fly and is 
now used in India and Africa to assess shoot 
fly populations, particularly in the off-season 
between crops. Tests were carried out withpheromones of stem borer moths, large
numbers of which were trapped, and the al-
dehyde was shown to be the major attractive 
source. Subsequently, experiments have been 
done on loading and ratios; results will be 
compared with those obtained from light traps. 

Collaborative work to test pheromones from 
other major pest species is under way, utilizing
various trap designs and techniques that will 
have applicability elsewhere. 

It is possible that control techniques will be 
evolved from such work; certainly the 
pheromones will be used in detecting pests and
their numbers and will possibly be of use in 
timing accurately any insecticide applications 
that may be economically possible on cereals. 

Physiology 

Undoubtedly the major constraint to increased 
production of sorghums and millets in the SAT 
is availability of water. It is normally inadequate
in quantity and erratic in delivery. While a major
thrust of the ICRISAT Farming Systems Pro
gram is to ensure that all the rain that falls is 
properly utilized, it is also recognized that land
race cultivars exist that are able to tolerate 
water stress relatively better than others. The 
detection and confirmation of these lines and
their utilization in breeding programs could bea 
significant technological breakthrough in SAT 
agriculture. Field techniques for location and 
confirmation of stress resistances have been 
developed so that the lines detected are used 
and refined in breeding programs as a priority.
The complexities ofthe situation make progress
slow, but technology is being developed that 
will be transferable to other research workers. 

Our physiologists are also involved in assist
ing breeders to make selections of plants with 
resistance to insect pests and plant parasite
weeds. This has necessitated development of 
laboratory techniques to identify factors as
sociated with resistance, such as trichomes and 
degree of lignification in seedlings and study of 
haustorial attachment on the roots of growing
seedlings. These techniques are already being
used in both developed and developing coun
tries in an effort to hasten breeding of resistant 
cultivars. 

Microbiology 

It has been recognized for some time that 
certain cereals and grasses possess an ability to 
fix atmospheric nitrogen. This is potentially
extremely important, as poor nitrogen avail
ability is a major limiting factor in production
and fertilizers are seldom available tt poor 
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farmers. It has been demonstrated at ICRISAT 
that some wild Pennisetums have considerable 
potential to fix nitrogen, and a foal- iechnique 
has been devised that uses acetylene reduction 
to detect plants with enhanced fixing ability, 
Some problems have been experienced initially 
with plant-to-pia variability, but a technique 
will soon tie available to research workers in the 
SAT. Additionally, technology is being de

veloped for differentiation of various strains of 
N2-fixing bacteria and for culturing of useful 
strains. 

Broeding 

Considerable progress has been made in test
ing and comparing different breeding methods 
'or the two crops. Full analysis of data accumu
lated over several sizes in several seasons will 
enable breeders to assess which breeding
 
methods give most rapid advances and also to
 

methods enable desirable
determine which 
traits to be incorporated simultaneously and 
most rapidly in seed material. ICRISAT has 
pioneered research into populations breeding 
methodology in pearl millets, and breeding 
material is already under test in the AICMIP 
trials; several ICRISAT hybrids have shown 
promise both in India and overseas. 

Our breeders have also been particularly 
concerned with nutritional and food prepa
ration quality, In collaboration with the 
biochemists, they have determined some of the 
desirable quality traits in sorghum and millets 
for a range of food preparations. Work is con
ducted with scientists in several countries -
and this is proving an interesting exercise
for use ofthese cereals in tortillas in Mexico, beer 
in East Africa, teau in Upper Volta, chapati in 
India. It is in the breeding programs that the 
technologies and techniques developed in all 

on thedisciplines come together to interact 
are at the farmer'sgermplasm base. Here we 


level -- the seed.
 

The Future 

These few examples may serve as an indication 
of the type of technology that is being developed 
for use in the SAT. It is not complex; if it were, it 
would be unlikely to have an impact where it is 
needed - on food production. It is strongly 
field-oriented and hence has the greatest chance 

of being used, and i: (does not involve the use of 
expensive or complicated machinery. It can be 
quickly communicated and utilited by research 
workers under difficult conditions. We believe 
that this technology will he a real contribution in 
the struggle to feed the rapidly increasing popu
lation of the semi-arid tropics. 
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Pulse Improvement Research Technology
for the Semi-Arid Tropics 

J. M. Green* 

Abstact 

Pulse crops, with higher nutrient requirements than cereals but without marked 
response to added fertilizer, present difficultproblems to researchers trying to increase
production. Promising results have been obtained in increasing yiele./ ofpigeonpeas byusing hybrids and in chickpeas by modifying plant type, and in stabilizing yields ofboth 
crops by incorporating genetic resistance to diseases. Innovations in agronomy have 
resulted in promise of increased production outside of traditional systems. 

When we speak of "developing a pulses
technology," we are very largely speaking of a 
technologythat can becontained in a seed. If we 
limit our considerations to chickpea (Cicer 
arietinum L.) and pigeonpea (Cajanus cajan [L.]
Millsp.), we are dealing with food crops that (1) 
are not produced in adequate quantity, (2) are 
overpriced as a result of short supply, (3) are 
planted on a slowly diminishing acreage, and 
(4) are experiencing no noticeable change in 
average farm yield. 

Of two alternatives for increasing pro-
duction- either increasing the yield per unit 
area on land currently used for the crop or 
extending the area on which it is grown - the 
first option favors the small farmer who cur-
rently grows the crop and contributes to an 
increased total food supply; the second alterna-
tive implies either competition with other crops
for lond, or extending the adaptation of chick-
pea or pigeonpea to land currently submarginal 
for crop production. Success in the first option
will result in something of an increase in ac-
reage also, but increased yield per hectare is 
essential. 

A natural expectation (to some) of the combi-
nation of an international agricultural research 
center and a crop mandate is that there zhould 
be a "green revolution": a breakthrough in 
genetic potential for yield, combined with a 
responsiveness to fertilizer, that will provide a 
quantum jump in yield. Unique circumstances 
that were peculiarly similar provided the 
mechanism for such breakthroughs in the cases 

Leader, Pulse Improvement Program, ICRISAT. 

of rice and wheat; the combination of dwarf 
genes that reduced plant height and permitted
better standability of the crop plus responsive
ness to high levels of fertilization resulted in 
quantum jumps in yield of the3e grains.

We must recognize at the outset that there are 
fundamental differences between cereal crops
and legumes. The consequences of these dif
ferences are illustrated by the progress of the 
soybean and the maize crops in the USA. 

Hartwig, in reviewing cultivar development in 
1973, reported a 17% yield advantage for the 
cultivar Lincoln over introduced strains previ
ouslygrowninthemidwest, andanadvantageof
30% forthecultivar Ogden over introductions in 
the southern United States. Aside from a men
tion of a 25% yield advantage for cultivar Clark 
over the same introductions compared with the 
Lincoln cultivar, there is no other mention of 
notable yield gains in the history of soybean
cultivar development in the United Statp z to 
1973. 

Soybeans were a new crop in which the base
 
yields were produced by direct introductions,
 
and cultivars from the latitude of the source 
area in northern China were limited in adapta
tion to the central Corn Belt of the United States. 
The potential for yield advance through breed
ing in areas of the United States wheresoybean
introductions were not adapted should have 
been greater than is the opportunity for improv
ing yields of chickpeas and pigeonpeas in areas 
where local landraces have evolved over 
thousands of years. 

Such is the challenge facing us in increasingproduction of pulses. To help us to keep our 
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accumulate enough stored moistureto produceperspective on realistic goals, a comparison of 
a chickpea crop, but in India thecropisgrown inchickpea and pigeonpea yields in India with 
areas receiving less than 400 mm. Therearetwosoybean and maize yields in the United States 

types: kabuli (garbanzo) whichover 33 years is presented in Figure 1. Wih a main market 
maize has relatively smooth, generally large, lightbackground of intensive research on 

often grown as afor many years, and a breakthrough in the 	 colored seeds and is most 
summer crop in the Middle East, the Mediterrateens that started reaching the farmers in the 

late 1920s and early 1930s, productivity has nean region, and in the Americas; and the desi 

increased dramatically. Soybean yields have (garbanzo porquero), which can have yellow to 

black seed (generally smaller and with aincreased, but only in a linear fashion, and re-

searchers are still looking for a breakthrough. rougher surface than seed of the kabuli) and is 

usually grown as a winter crop in more tropical 

areas. World production statistics, indicating 

550* 0 xa'ze 0 our best estimates of relativ', proportions of 

kabuli and desi types, are presented in Table 1.eSoyeans 

5000. A Ct i Ckpeas
 

SPigeonpeas
 
0 O
4500 


- 4000 
Table 1. World production of chickpeas In 

3500 O 1977. 

S300. O 	 Total productionb 

2500-

Area Kabuli Dasi 

00 0 harvested' Yield' IjoC0 1000 

(1000 h3) (kg/h;) tonnes) tonnes)0 1 0 	 • 

PA Africa 309 703 57.5 123 
Asia 9504 766 1401.2 5035CAL 
Europe 175 763 99 00 


24 2. 3 39 44 i)4 59 14 0 7"47 Mexico 210 833 35 140 
ears 	 South 

America 40 674 23 0 

197S;FAO 1978
Sources: Maize U.S. L*pt. C',wr.. 
Soybeans Prrb.t and Jjdd, 1973; FAO1I7M Totals 10 238 745 1615.7 5298 
Crlckpea; - Govt. of India 	 ______________________________ 
Cro npeas oGowt. of India 

a. From FAO production yearbook, except Tunisia data from 

Bouslarna, 1979. 
on basis of Information 

Figure 1. Annua/ mean yield (kg/ha) at 5-yeir gleaned from contacts in the countries.
 
intervals of maize and soybeans in
 

USA and chickpeas and pigeonpeas
 
in India, 1924-1977. 

b. Kabuli-desi 'ivisloi by author 

Pigeonpea is a perennial shrub, with a quan
titative short-day photoperiod response, rela-

Prospects for Improvement tively high total biological production, and low 

harvest index (15-30%). Stems and primary 

A brief description of the crops in question will branches are woody. When planted at ICRISAT 

be helpful in identifying possibiities for im- Center soon after the longest day, maturity 

ranges from 4 to 10 months, and height fromprovement. Chickpea is an annua! plant, short in 

stature, with a relatively high harvest index lessthanltomorethan2m. However, thesame 

(40-60%), adapted togrowing intheabsenceof 	 cultivar that is over 2 m tall and matures in 10 

rainfall, either on residual moisture or with 	 months will be less than a meter tall and will 

mature in 5 months if planted from 30 to 60 daysirrigation. Conventional wisdom in Syria is that 
before the shortest day. (These descriptionsa minimum of 400 mm of rainfall is required to 
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apply at ICRISAT Center, lat.tude 17' 40'N; many countries the crop is scattered in small 
reactions vary with latitude rind resulting differ- patches and does not enter normal crop prnduc
ences in daylength.) Pigeornpaa generally has a tion statistics. 
slow growth rate for 45 days, followed by 
maximum growth between 45 da-'s and flower- Increasing Yields in Traditional 
ing. This is apparently an adaptation to the Production Systems 
traditional intercropping; more than 90% of the 
crop is grown in this fashion in India. Pigeonpea Fertilizer Response/Nitrogen Fixation 
grows well during the rainy season but per
forms best when flowering and podding occur Comparison of the nutrient requirements per 
after the rains cease. Production statistis for 14 tonne of grain of three cereal and three legume 
countries are listed in Table 2, we have had crops (Table 3) shows that nutrient require
contact or correspondence with 59 countries in ments for legumes are actually higher than for 
which pigeorpeas aregrown and utilized, but in cereals; the N requirement is approximately 

twice as high. However, neither pigeonpea nor 
chickpea gives marked response to fertilization; 

Table 2. 	 World productlon of pigeonpea by slight increases from applied phosphate and 
countries and utuo as reported for lowlevelsofnitrogenininfertilesoils havebeen 
1973 (last year In which FAO re- reported (Saxena and Yadav 1975). 
ported pigeonpess as a separate A search for chickpeas responsive to phos
crop). 

Dry Greenb 
Areasgrainb peas Table 3. Total uptake of major nutrients by 

(1000 (100 certain crops, and calculated nut-Countny (1000 ha) (kgiha) tonnes) tonnes) rient requirements per 1000 kg grainproduced. 

India 2330 750 1748 Tr 
Burma 55 348 23 Grain Uptake (kg/ha) 
Bangladesh 3 723 2 Tr yield 
Pakistan 2F 500 1 Crop (kg/ha) N P205 K20 Source 
Uganda 90F 444 40 
Kenya* 61 NA NA NA Maize 9418 247 90 219 Donahue 
Malawi 35F 571 20 et al. 1971 

22F 523 12 	 Rice 5000 100 46 120 Athwal 1972Tanzunia
Dominican 	 Wheat 4036 140 56 123 DonahueRDpublic 14 2191 30 et al. 1971Haiti 7F 538 4 Soybeans 2690 163 45 84 	 Donahue,

et al. 1971
Puerto Rico 3 1154 3 Chickpeas 3000 144 31 80 Singh 1969 
Trinidad 1 1585 1.6 Pigeonpeas 2000 132 25 64 Rao 1974 
Venezuela 1OF 403 2 2 
Panama 2F 750 1.5 (kg/10OO k9 grain produced) 

a. Source: FAO 1973, except: 	 Maize 26.2 9.6 23.3 
o 	 F.N.M. Onlm(Plgeonpoa Project Breeder and Mie 26.2 9.6 23.3 

Coordinator, University of Nairobi, Kenya: Rice 20.0 9.2 24.0 
pers~onal communication, 1976) and Wheat 34.7 13.9 30.5 
*J.Oiaz Gamez (Assistant to the Director, in 
charge of Investigation Project, State Sec- Mean, three cereals 27.0 10.9 25.9 
retariat of Agriculture, Dominican Republic; Soybeans 
personal communication, 1976). 60.6 16.7 31.2 

b. Author's allocation based on Information gleaned from Chickpeas 48.0 10.3 26.7 
contacts In the countries. Pigeonpeas 66.0 12.5 32.0 

F ,, FAO estimate 
Tr - Trace Mean, three legumes 58.2 13.2 30.0 

19 



phate fertilization has not been successful, and 
high levels of N fertilization have not resulted in 
increased yields, either under rainfed condi-
tions or limited irrigation. Modest yield re-
sponses to foliar application of N during flower-
ing and pod development have been observed. 
All of these results indicate that nutrient star
vation is not a likely factor in limiting yields 
under rainfed conditions. If optimum moisture 
supply and temperature were provided, nut-
rients might become limiting, but such condi-
tions are not likely to exist in our mandate area. 

Significant differences have been observed 
among cultivars in N2 fixing ability, and also in 
the effectiveness of different Rhizobium strains. 
It is not unreasonable to expect to realize yield 
gains from utilization of favorable combi-
nations of cultivars and Rhizobium strains, and 
vigorous research in this area is under way. 

Plant Stands 

Farmers' yields of both crops could be in-
creased through improved plant stands. 
Pigeonpeas planted at the onset of the rains can 
be planted to the desired stand. However, 
pigeonpea is often the secondary crop in inter-
cropping, and its stand is limited, by design, to 
maximize production of the prim;ary crop. 
Studies at ICRISAT have shown that it is possi-
ble with cereal intercrops to produce normal 
cereal yields and up to 70% of the sole-crop 
yield of pigeonpea. 

Poor stands of chickpea often limit yields in 
farmers' fields. In the short term, improvements 
in land preparation practices and in planting 
equipment can correct this preblerm. Since 
chickpea yields are depr.,,ssed by planting too 
early, farmers are faced with the problem of 
delaying planting to the optimum date, even in 
years when the rains stop early. Long-term 
approaches to a solution of this problem in-
clude development of cultivars capable of ger-
minating at low moisture potential and/or the 
development of cultivar, tolerant to heat at the 
beginning of the growth cycle. Preliminary ie-
search on these aspec',, has shown that genetic 
differences for both exist; in both cases the 
breeding process will take time. Aside irom 
improving stands, planting of cultiva..: that 
compensate for low plant population will result 
in higher yields. We have identified cultivars 
that will give equal yields with four plants or 

with 33 plants m2 (Hissar, Table 4); the latter 
density is recommended as constituting a full 
stand. Displacement of nonresponsive local 
landraces with such "plastic" cultivars would 
result in substantial yield improvement. 

Taole 4. 	 Yield response of chickpea cultivars 
to optimum and suboptimum plant 
populations at Hisser In 1978 (kg/ 
ha). 

Cultivars 

Density 850-3/27 L-550 G-130 1-144 
(Plantslrn 2) 

33 3060 3610 3087 3427 
8 2967 3090 3043 2200 

LSD. (0.05): For comparison of Means of Pfantslm 2 within a 
cultivar - 765 

For comparison of Means of Cullivars within a 
spacing = 507 

Weed Control 

Loss of yield to weeds does not appear to be a 
major factor in the traditional system. While 
there are occasional examples of disasters, we 
do not consider this an area of urgent need or 
high potential payoff. 

Disease Control 

Nene (1979) has listed the diseases reported in 
the literature and observed by ICRISAT person
nel in producing countries. In India, 25 patho
gens have been1 reported on chickpeas and 26 
on pigeonpeas, but on each crop few diseases 
are generally serious Tha occurrence of two 
major disenses of pigeonpea in six states of 
India in recent years is shown in Table 5. In 
general, diseases are regional in occurrence, 
and the breeding of adapted cultivars with 
specific resistances can be best accomplished 
through local programs. However, we recog
nize the opportunity to increase yields through 
diseasecontrolasonetobeshared, andhavean 
active program that has (1) provided diagnostic 
characters for disease identification, (2) de
veloped screening techniques and identified 
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Table 5. Prevalence of wilt and sterility mosaic in pigeonpia in selected states of India. 

Distance Samples 
covered (farmers' 

State (epprox)
(kin) 

fields)
(no.) 

Andhra Pradesh 4000 102 
Karnataka 2000 37 
Msdhy&Pradesh 5000 83 
Maharashtra 4000 82 
Tamil Nadu 2000 46 
Utter Pradesh 3000 109 

a. Roving surveys carried out between 1975 and 1979.
b.Arithmetic average of all fields survevad. 

sources of resistance, and (3) incorporated re-
sistance in advanced breeding lines with high
yield. Advanced lines -including pigeonpea 
line3 with resistance to sterility mosaic, wilt, 
phytophthora blight, and combinations of 
these, and chickpea lines with resistance to wilt, 
stunt, root rots, and combinations of these 
have been supplied to national programs. 

Post Control 

The pests that damage pigeonpea and chickpea 
have been identified, and pod damage in 
pigeonpeas has been assessed in parts o;ndia 
(Table 6). In either crop Heliothis armigera is a 
major pest. Losses in chickpea are less serious 
than those in pigeonpea and, interestingly, 
more progress has been made in identifying 
less susceptible genotypes in that crop. The 
spectrum of damaging pests is broader in 
pigoonpea, and losses are higher. Both crops, 
by virtue of flowering and podding in the dry 
season, tend to escape the peak populations of 
pod borers, and both are capable of compensat-
ing for damage by the production of successive 
flushes of flowers.flusesha fowde c m oAndhraWe have found mechanisms of pod borer 
resistance in wild relatives of pigeonpea, and 
attempts are being made to transfer these. The 
problem in pigeonpea is complicated by the 
podfly (Melanagromyza obtusa), which tends to 
be more serious where pod borers are less 
serious; in recent years this pest appears to 
have been spreading southward. A much more 

State average
Incidenca b Range In

farmers' fields 

Wilt Sterility Wilt Sterility 
Districts

(no.) (%) 
mosaic

(%) (%) 
mosaic 

(% 

19 5.26 4.59 0-92 0-43 
14 1.12 9.77 0-17 0-95 
27 5.42 3.65 0-06 0-99 
19 22.61 1.09 0-93 0-47 
11 1.36 12.84 0-65 0-92 
44 8.50 16.10 0-86 C-93 

specific feeder than Heliothis, it may be easierto 
control through host plant resistance. 

In traditional systems in India, little insec
ticide is used. It is our intent to reduce losses to 
pests without increasing use of chemicals. 
Pest-management-systems research comple
ments our research on host plant resistance. 

Host plant resistance to both diseases and 

T ble 6. Plgeonpee pod damage observed in 

various states of India 1976-78. a 

Pod damge b 
Fields 

State (no.) PMdMy 

Utter Pradesh 1977 43 7.0 25.6 
1978 28 32.8 25.9 

Bihar 1976 22 10.0 25.7 
Assam 1978 28.938 12.6 
Rajasthan 1978 28 4.5 15.0 
Madhya 

Pradesh 1978 25 27.2 22.6 
Gujarat 1978 70 12.6 25.3 
Maharashtra 1978 31 47.8 24.9 

Pradesh 1976 112 38.4 1.81978 l 34.1 5.4 
Karnataka 1977 37 23.1 5.2 
Tamil Nadu 1977 42 13.7 4.2 

a. Based on unpublished survey data collected by ICRISAT 
scientists in cooperation with national scientists. 

b. Percent pod dsmage does not directly indicate crop loss. 
Actual crop Iomes were not detarmined. 
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insects would help stabilize yields and raise 	 titative approach (Byth, Green, and Hawtin 
1979). Wewill evaluateearlygeneration bulks in average production. This is a priority area of 
multilocation tests, derive lines in the F4 generresearch at ICRISAT Center. 
ation, and test the derived lines in multilocation 
tests. We believe that yield, for which selectionIncreased Yield Potential 
on a visual basis is relatively ineffective, can be 

For the traditional farmer, the besttechnology is shifted upwards if we conscientiously ignore all 
other characters in the selected program. If (ora cultivar that will produce higher yields and fit 

into his cropping system without additional when) we have derived lines giving quantum 

inputs and meet his requirements in visible (and yield increases, simply inheritel characters can 
be incorporated by backcrossing. (We are al

invisible) quality characteristics, 
We currently have two approaches to de-	 ready capitalizing on reduced generation time 

and can complete four generations per year.) If,veloping higher yielding chickpea with agoal of 
on the other hand, we develop an exceptionallyexceeding the small incremental increases 

often attained in pulse breeding. One is to high-yielding line that has nonpreferred color 
and shape of seed, it mig ht be surprising to seedevelop taller plants with more pod sites, better 

and stems stiff enough to how rapidly esthetic preferences could changelight penetration, 
support the superstructure. This is not un origi- to accommodate profitable yields. 

rial idea with us; IARI in New Delhi is using the In pigeonpea, our major hope for a sub

same approach, and there are already tall stantial increase in yields is in the use of 

Russian cultivars adapted to mechanical har- hybrids. We have tested two groups of hybrids 

vest. We are encouraged, however, for as early made on male-sterile female lines, using stan

as the F3 generation we found substantially dard cultivars and selected germplasm lines as 

higher yields ir the new plant type (Table 7). pollinators, during the past 2 years. In both 

Beyond the descri,tion above, we are not wed- years a hybrid gave the highest yield; last year it 
was 31.5% above the best cultivar, and this yearded to a specific ide,',type, but will evaluate tall 

plants with varying degrees of branching, in- the best hybrid's advantage was 17%. The real 

cluding one found this year with zero branches. advantage of hybrids in the traditional produc
tion system is that the gain can be realized in 
single rows on rice bunds, in pure stands of 
pigeonpeas, and anywhere in between. We also 

10 best F3 lines expect better stability 	 of performance inTable 7. 	 Comparison of 

selected for tall stature and high hybrids.
 
yield, with standard check and tall There is a need for purification of the male
cultivars. sterile lines in hand and converting more lines 

to sterile; both activities are under way. There is 
Grain a need for testing many hybrid combinations. 

Height yield We have multiplied seed of available steriles 

and have distributed lots to cooperating breed

ers, suggesting that they use part ofthe seed for 
Standard checks 

30-35 E 995 increase of the sterile and part for hybrid seed
Annigeri 
K-4 35-40 ML 985 	 production, using their best local cultivar as 

pollinator. We have demonstrated the hybridiG-130 35-40 L 889 
zation technique to visiting breeders; it requires 

10 best F lines 54-68 M 995-1293 removal of 50% of the plants in the female rows 

at flower initiation (the genetic male sterile is 
Tall checks 	 cross polliK-1 170 65707 	 maintained by sibbing) and then 

7 nation by bees, which at ICRISAT Center areK-i 170 65-7065-70 VLVL 187K-1184 
wild bees of several differentVL 280 exclusivelyK-1481 65-70 species. 

Pigeonpea hybridization is much less labori

ous and much less expensive than cotton hy-The otherapproach nowin useis breeding for 

high yield as a s.ngle objective, using a quan- bridization, which has flourished in India.
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Looking Beyond the Traditional 
Systems 

ICRISAT works with its mandate crops in its 
mandate area but is also concerned with 
these crops wherever they are grown. On this 
basis, the chickpea programs of ICRISAT and 
ICARDA have been integrated. At both centers, 
emphasis is placed on extending the adaptation 
of the crop. In Syria, much higher yields have 
been obtained in winter (Nov planting) than in 
the normal spring (Feb planting) crop. Rains fall 
on the winter crop, and the development of 
ascochyta blight resistance is essential. There 
has been excellent progress in identifying 
sources of resistance, and cultivars adapted to 
winter planting will soon be available. Even 
without such a cultivar, a Syrian farmer planted 
50 acres of winter crop in November 1978 
(which received fungicidal sprays to control 
Ascochyta) to test this new technology he had 
seen in ICARDA's research plots,

Chickpeas are temperature sensitive and 
react badly to excessive heat at the beginning
and at the end of the season. Early plantings at 
ICRISAT Center and late planting at Hissar (29'
11 'N)are being made for screening germplasm 
lines and breeding material for heattolerance. It 
is too early to tell if the evolutionary pathway
has led chickpeas into a box, but observed 
differences perhaps reflecting more heat toler-
ance is desis and more cold tolerance in the 
kabulis suggest that hybridizing these two 
types - being done by almost all chickpea 
breeders - might provide the needed variabil-
ity. The advantage of early season heat toler-
ance has been mentioned; heat tolerance later 
in the season would permit normal senescence 
and maturity -and higher yields. 

In Chile, chickpea is grown between latitudes 
320 30' and 39°S on conserved moisture in the 
summer. In that area, there is a need for a 
high-yielding short-season legume crop, 
adapted to mechanized production, for animal 
feed. A photoperiod insensitive pigeonpea line, 
which matures in 110 days, has been selected at 
the University of Queensland, Australia. Near 
Brisbane, 2500 kg/ha of grain have been 
combine-harvested from a field planted with 
this line at 400 000 plants/ha. (The UQ program 
is supported'in part by ICRISAT to provide
research on breeding for and agronomy of 

mechanized production.) The new lie has not 
yet arrived in Chile, bu it has been sent for 
study at IARI, New Delhi, and to Senegal for 
summer production (1 March planting) under 
irrigation. 

In West Africa, pigeonpea lines adapted to the 
ICRISATCenter 3rea have produced grain yields
of 1000 to 2000 kg/ha grown without intercrop
and without monetary inputs. In that area, 
farmers' yields of sorghum are about 400 kg/ha, 
and of the cowpea intercrop about 100 kg/ha.
This is outside the traditional area for dry
pigeonpea consumption, and the adoption of 
the higher-yielding crop will require changes in 
dietary habits. 

Pigeonpea as arabi(postrainy season) crop in 
India is not new; it was reported as a practice in 
Gujarat by Watt in 1908. Until recently, this 
practice was still largely limited to Gujarat, with 
limited acreages planted in Nepal. Investiga
tions at ICRISAT Center showed (1) October 
plantings at 300 000 plants/ha gave grain yields 
equal to June/July plantings at 44 000 plants/ha,
(2)September plantings gave higheryields than 
later plantings, and (3) medium- and late
maturing cultivars yielded higher than early
cultivars in this season. This technology has 
moved out from ICRISAT; a number of research 
centers in India have active programs, some 
exclusively, on postrainy season pigeonpea. 

Implicit here is a "substitution technology." 
Farmers in a frost-free area, faced with early
loss of soil moisture, can substitute pigeonpea 
for chickpea. 

We have demonstrated the feasibility of har
vesting a crop of forage and two additional 
grain crops following the first season's harvest 
of pigeonp- planted in the postrainy season. 
Planting a je;nse stand in October, harvesting 
pods in March, removing two-thirds of the 
plants for forage after onset of the monsoon, 
harvesting a grain crop in November/December 
(andunderfavorableconditionsaratooncrop3 
months later) is a system that saves through 
elimination of land preparation and weeding
after the first establishment of the crop. This 
technology is also under investigation by the 
Indian national program. 

International Interchange
of Technology 

The international center must have a strong 
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core program of sufficient scope to be produc-
tive.The research effort must be planned sothat 
useful genetic material can be supplied in the 

mandate area. Along, with genetic material, 
research technology must be projected to local 

pr3grams. Since the ultimate objective is self-
sufficiency of national research programs, the 
clear warning of Weiss (1979) that the Center 
program not "swamp... national institutions it 

is supposed to serve" must be heeded. 
We initiated international cooperation by 

hosting a workshop in 1975; since then most 
scientists from abroad who missed the work-
shop have visited ICRISAT Center. We have 
visited many of the local research centers and 
followed up with a workshop for chickpea in 

1979. One for pigeonpea is planned for 1980. 
Our continuing communication with scientists 
isthrough: (1)theconductofinternationaltrials 
and distribution of results of yield and disease 
nurseries, (2) annual progress reports, which 
are detailed summaries of research in progress 
in each discipline at ICRISAT (they describe 
experiments in progress, give results to date, 
and indicate what we think about the problems 

to besolved), and (3) annual breeders' meetings 

at ICRISAT and ICARDA research plots, where 

national breeders identify plants, populations, 

and germplasm lines for use in their own 
m budet 

programs. Unfortunately, budget constraints 
severely limit the number of scientists we can 
bring from abroad for these annual meetings. In 
India, working relationships are formalized 
further in the All India Coordinated Pulse Im
provement Workshops. 

We are dependent on our colleagues at the 
local level for their inputs in the overall im
provement program. Where there are identi-

fiable deficiencies in their programs, we must 
seek resources to correct those. Unfortunately, 

Unfortumpnael, ontainn 

recognition of the naed for intensive work on 

the problem of witches' broom in the Domini-
can Republic, developmental agronomic work 

a
in the Cape Verde Islands, West Africa, and 

ceteringenticresurc astAfrca avenot 

genetic resource center in East Africa have not 
resulted in action programs by ICRISAT. 

From training of technicians in research 
methodology to extended seminars with 
specialized scientists, worthwhile experiences 
have been made available to pulse research 
workers. We would like to see, for countries 
limited in scientific manpower, much more 
availability of support for advanced study. 

Conclusion 

We are optimistic about the probability of in

creasing production of these two pulse crops. 
The optimism is generated by (1) encouraging 

results in the improvement program, (2) in
creasing cooperation and interaction with 
national programs, and (3) the possibilities of 
broadening the adaptation of both crops. 

The results achieved in improvement of 
chickpea and pigeonpea will pay off to the 
extent that local adaptive research is possible, 
to the extent that extension efforts are effective, 
and only to the extent that local seed
production facilities are effective. The time lag 
involved will be inversely related to the sense of 

urgency felt by personnel involved in the pro
gram. We try continually to communicate a 
sense of urgency; our best method of corn
munication is by example. 
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Groundnut Improvement Research Technology
for the Semi-Arid Tropics 

R. W. Gibbons* 

Abstract 

Groundnut is one ofthe most important legume crops ofthe semi-arid tropics (SA T)and 
serves as a source offood,cooking oil,anda cash income. Yields, however, are low in the 
SAT due mainly to losses causedbypests, diseas 's, andunreliable rainfall patterns. The 
main emphasis of the program is on producing high-yielding breeding material with 
stableresistance to the majorpathogens, which include rust, leafspots, and Aspergillus 
flavus. Viruses and insect pests also cause large yield reductions, and sources of 
resistance are being sought. Large-scale breeding programs are under way and early
and advanced segregating populations are being distributed to cooperating national 
breeders. Efforts are beinf made to improve the nitrogen-fixing capacity ofgroundnu.. 
Yield advantages are belng achieved by intercropping groundnuts with pearl millet. 
Wild Arachis species are being exploited for sources of useful genes. 

Groundnut became the fifth ICRISAT mandate 
crop in 1976, some 4 years after the Institute 
was created. In 1974, a team of four consultants 
was invited to Hyderabad to review the world 
research needs of groundnuts, to consider 
whether ICRISAT ought to help meet those 
needs, and, if so, to suggest a possible program 
of intern.'!nldi ics3arch. It was concluded that 
the crop required international research, that it 
would be an appropriate subject within the 
manda'es of the international agricultural re-
search system, and that ICRISAT was the ap-
prnnr~ate center, as groundnuts are primarily a 
crop of the semi-arid tropics (Bunting et al. 
1974). In mid-1976 a detailed plan of research 
was accepted by the Governing Board of 
ICRISAT (Gibbons 1976) and breeding, 
germplasm, pathology, and microbiology pro-
grams commenced. Since then entomology, 
cytogenetics, and some preliminary physiology 
projects have commenced. 

Groundnuts in World 
Agriculture 

Production 
The cultivated groundnut,Arachis hypogaea L., 

Leader, Groundnut Improvement Program, 
ICRISAT. 

originated in South America and is now grown 
on a commercial scale in some 82 countries. In 
1976, it was estimated that 19 million hectares 
were planted and over 18 million tonnes were 
harvested at an average yield in shell of 958 
kg/ha (FAO Trade Statistics). The limits of pre
sent commercial production are within the 
latitudes 40'N and 40'S. Asia is the largest 
producer (10.3 million tonnes), followed by 
Africa (5.4 million tonnes), North and Central 
America (1.8 million tonnes), South America 
(0.9 million tonnes), Oceania (0.29 million ton
nes) and Europe (0.24 million tonnes). The 
largest individual producer is India, which in 
1976 produced 5.7 million tonnes ofgroundnuts 
in shell from 7 million hectares of land. Large
scale producing countries in Africa are Nigeria, 
Senegal, and Sudan. Approximately 70% of 
world production comes from the developing 
countries, many of which lie in the semi-arid 
tropics. 

Adaptation 
Groundnut is generally considered to be a 

day-neutral plant although Wynne et al. (1973)
have suggested that sensitivity to daylength 
depends on temperature. The relative insen
sitivity to daylength means that cultivars de
veloped anywhere in the world can be 
evaluated at any latitude where favorable grow
ing conditions exist (Varnell and McCloud 
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1975). The ideal soil for groundnuts has been 
defined (York and Colwell 1951) as a well-
drained, light-colored, loose and friable sandy 
loam, well supplied with calcium and organic 
matter; in practice, however, groundnuts are 
grown on a variety of soils that vary from 
alkaline to acid, and from clays to fine sands. 

Generally, under rainfed conditions where 
supplemental water is not available, the choice 
of cultivar depends on the length of growing 
season available. Where season length is limit-
ing, cultivars of A. hypogaea subsp. fastigiata 
(Spanish and Valencia) are grown; where the 
rainy season ;s longer, cultivars belonging to 
subsp. hypogaea (Virginia) are selr:-ted. Mat-
uration also depends on temperature, radiant 
energy, and elevation. In the West African 
lowlands, for example, Valencia and Spanish 
types may mature in 90 days, whereas in the 
CentralAfrican plateauareas, 1200mabovesea 
level, development can take 120 days. Similarly, 
V;-ginia cultivars may take only 120 days to 
mature in West Africa and 150 to 160 days in 
Central Africa (Smartt 1976). 

Uses 

Groundnut is the most important legume crop 
of the semi-arid tropics (Table 1). With 25% 
protein and approximately 50% oil, groundnut 
is also an important food crop in the SAT and, 
after soybean and cottonseed, is the most 
important source of edible oil in the world. To 
the subsistence farmer, it may be another pulse 
crop and consumed at home but as a cash crop 
it may be considered too valuable to consume 
and the total crop is sold (Smartt 1976). It is 
estimated that about 66% of the total world 
production is crushed for oil (Woodroof 1973). 

Traditional SAT exporters of groundnuts for 
crushing are Nigeria and Senegal, but there is a 
trend tor local oil expressors to be built and the 
surplus oil exported (Smartt 1976). Nigeria now 
has a capacity to crush 0.8 million tonnes of 
groundnuts annually (Harkness et al. 1976). 

The export of kernels or unshelled pods for 
confectionery purposes is also an important 
source of revenue for countries in the SAT. The 
traditional main sources of confectionery 
groundnuts are China, India, and the USA, 
although the export performances of China and 
India have been erratic due to large domestic 
demands. A number of African countries in the 
SAT-including Malawi, Nigeria, and the 
Sudan -each supply about 10% of the total 
world confectionerygroundnuts(Wilson 1975). 

Groundnut hay is used extensively in the SAT 
as cattle feed and can command high prices, 
particularly in urban areas for stallfed cattle 
(Harkness and Dadirep 1978). The shells may be 
used as a fuel, as a soil conditioner, in cattle 
feed, and as a source of building material and 
organic chemicals (Patel 1964). 

Production Constreonts 
in the SAT 

Yields in the SAT are low, around 800 kg/ha, 
compared with yields of around 3000 kg/ha 

or even higher in localized areas - in the de
veloped world (Gibbons 1977). The major con
straints are pests, diseases, and the unreliable 
rainfall patterns of the SAT. Certain pests and 
diseases are worldwide in 'heir distribution and 
are being studied intensively as part of the 
ICRISAT research program. 

Relatively small numbers of groundnut re
searchers are available to combat the natural 

Table 1. Semi-arid tropical production of food legumes (1971) (1000 tonnes) 

Region of semi-arid tropics 

Asia 
Africa 
Central and South America 
Total: Semi-arid tropics 
Total: World 

Legume crop 

Dry beans Soybeans Chickpeas Cowpeas Pigeonpeas Groundnuts 

2265 1228 5770 10 1910 6977 
613 65 205 1069 51 3847 

3 441 2 227 173 26 1459 
6319 3520 5948 1079 1987 12242 

11073 48457 6594 1195 2024 18211 

Source: FAO Production Yearbook 1972, Rome, Italy (vide Bunting at al. 1974) 
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hazards that restrict groundnut production. Few 
programs have been mounted to actively breed 
for resistance to pests and diseases, which 
annually cause serious reductions in yield. 
Without the means to control these pests and 
diseases, the small-scale farmers of the SAT 
desperately need sources of resistant material 
that will allow reasonably stable yields of 
groundnuts to be harvested. Once the farmers 
have this material, they will become much more 
amenable to adopting other improved farming 
practices. Many farmers have become discour-
aged because they know that even with good 
agronomy and much hard work the natural 
hazards of pests, diseases, and drought will still 
ravage their groundnut crop. 

Objectives of the ICRISAT 

Groundnut Program 


The main objective ofthe program is to produce 
high-yielding breeding lines with resistance to 
the main factors presently limiting production. 
Stability of yield is important over years and 
across sites However, because of the diversity 
of grounc,,ut environments, and the uses to 
which the crop is put (oil crushing or con-
fectionery), it is not possible to foresee the use 
of relatively few cultivars over very wide areas; 
nor is it desirable to flood whole areas with 
single, or closely related, cultivars because of 
the dangers of genetic vulnerability (Hammons 
1972). Requirements vary greatly, even within a 
country. For example, in the Sudan, large-
seeded, long-season groundnuts grownare 
under irrigation in Wad Medani for export; but 
under rainfed conditions, small farmers culti-
vate short-season cultivars that are more 
adapted to these conditions (Osman 1978). In
Malawi, long-season groundnuts, primarily for 
the confectionery export trade, are grown on 
the plateau areas; oil-c-ushing cultivars are 
grown on the lakeshore; and short-season cul-
tivars are adapted in the low-elevation, drier and 
hotter areas of the Shire Valley (Gibbons 1972). 

Research Organization 

Although the groundnut research program is 
divided into subprograms of breeding, 
cytogenetics, pathology, entomology, physi-
ology, and microbiology, the relationship bet-
ween these groups is close and fully integra-

ted. Similarly, there are close ties with other 
ICRISAT programs concerned with groundnut 
research; these includep the Genetic Resources 
Unit and Farming Systems Program, as well as 
the Training Unit. 

As the program is still young, no formal 
outreach activities have yet been formulated 
although they have been planned (McGinnis
1979). Linkages with national programs, over
seas institutions, and individual scientists are 
being evolved and will be discussed under the 
individual research technology approaches. 

Germplasm Base 

ICRISAT has been designated as a world center 
for the collection, preservation, and documen
tation of the genus Arachis by the International 
Board for Plant Genetic Resources (IBPGR).
Since the inception of the Genetic Resources 
Unit in January 1979, all staff and materials 
have been transferred to this unit. In September
1979, an ad hoc working party consisting of 
experienced groundnut sci6ritists represent
ing different areas of the world will meet at 
ICRISAT, under the auspices of IBPGR, to: 

1. assess the present known collections of 
germplasm, their geographical represen
tation, and adequacy, 

2. 	 identify priority areas for collection ma
terial, 

3. 	 explore quarantine problems and obsta
cles, and 

4. 	 L-aw up a list of essential descriptors and 
descriptor states for characterization of 
accessions. 

Much anticipatory work has been d(,ne by the 
groundnut germplasm botanist at ICRISAT. 

Acquisition and Quarantine 
Procedures 

After 3 years our groundnut accessions now 
total over 7000 entries (Table 2). 

Initially, in 1976 and 1977, we received very 
close cooperation from Indian research centers 
which handed over to us duplicates oftheir entire 
collections. These collections consisted of bothexotic and local accessions. The importation 
of exotic material also commenced in 1976 and 
accelerated over the subsequent 2 years. Be
cause of the danger of seed-borne viruses in 
groundnut, the plant quarantine arrangements 
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were fully discussed and agreed upon with the 
India. The present arrange-Government of 

ments are as follows. Small quantities of seed 

are received at the Central Plant Protection 
Training Institute (CPPTI), at Rajendranagar, 

near Hyderabad. They are examined by quaran

tine officials and apparently healthy seeds are 

grown in 80 mesh screenhouses; the plants are 

examined regularly for up tc :.,.or8 weeks. Plants 

showing any sign of diseast' .:,e de.troyed. The 

Table 2. 	 Accessions of groundnut germplasm 
ot ICRISAT. 

Accessions received Total 
Year during the year accessions 

24431976 2443 

69339251978 
79 70121979" 

To end of February only. 

healthy plants are then transferred to the post-

entry quarantine area at ICRISAT Center, Patan-

cheru, and are again monitored on a weekly 

basis by CPPTI quarantine staff. Only at maturity 

are the seeds released to us from the healthy 

plants. Any diseased plants are uprooted and 

burned. Although the proceduies are stringent, 

and the release of exotic material is slow, we 

feel that they are necessary to prevent any 
introduction of new diseases into India. 

Maintenance, Multiplication, 

and Evaluation 


After release of material from quarantine, the 

initial multiplcation takes place on the ICRISAT 

farm under optimal conditions, including 

assured irrigation. Apart from germplasm per-

sonnel who record a wide range of plant charac-
ters, other scientists from the program regularly 

visit these plots and assess characters such as 

reaction to pests and diseases, nodulation 

capacity, and yield potential. New sources of 
resistancetorust (Pucciniaarachidis) and insect 

pests such as thrips and jassids have already 

been identified from the germplasm collec-

tion. Long-, medium-, and short-term storage 
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but the activefacilities are being developed, 

exploitation of a dynamic working collection is
 

emphasized.
 

Dissemination of Germplasm 

Germplasm has been distributed to many 

countries and requests are becoming more 

frequent. Some requests are for specific mate

rial and others are for large collections to initiate 

new research programs. Upto April 1979 nearly 

3500 accessions had been dispatched to 

cooperators. 

Collection 

Although the ad hoc working group will decide 

collecting priorities in September, five ICRISAT 
groundnut-collecting trips have been made in 

India. An expedition to Malawi, mainly for 

cereal germplasm, also collected groundnut 
groundnut germsamples during 1979. The 

plasm botanist is currently collecting in 

Somalia. Earlier this year a groundnut breeder 

an IBPGR expedition to Southaccompanied 
America to collect wild Arachis species and 

primitive landraces. We also collaborate with 

other international institutes; for instance, the 

germplasm unit of the International Institute of 

Tropical Agriculture in Nigeria has collected 

groundnuts for us in West Africa and we have 

collected one of their mandate crops, cowpeas, 

for them in India. 

Documentation 

Groundnut germplasm catalogs have been 

received from 11 institutes in nine countries. 

Data on all known accessions of wild Arachis 

species have been entered into the computer 

and will be constantly updated, with the print

out serving as a newsletter to scientists in

volved in their study on a worldwide basis. A 

paper entitled "Development of a descriptive 

language for groundnut (A. hypogaea)" has 

been jointly prepared by ICRISAT scientists and 

staff of the Information Sciences/Genetic Re

sources Program of the University of Colorado, 

USA, to be discussed by the ad hoc working 

group in September. 
We consider that the germplasm program is 

the base of the research program and techno

logy being developed. 



Intaratod Rrsearch
 
Technology 


Sorr"t of the research approaches to solve the 
major problems restricting good yields are 
discussed below: 

Disease Resistanco 

Rust 

Rust of groundnuts, caused by the fungus 
Puccinia arachidis Speg., has become a 
worldwide problem since 1969 (Subrah

rnanyam et aL 1979). Although this disease can 
be controlled by certain fungicides, they are 
costly and are not readily available to small
scale farmers in the SAT. At ICRISAT the 
germplasm collection was thoroughly screened 
for new sources of resistance in addition to the 
cultivars already known to be resistant (Table 3); 
the new sources were found and are listed in 
Table 4. In a cooperative program, all the previ-
ously reported sources of resistance, which had 
been assembled ;n Georgia, USA, have been 
transferred here and, together with the new 
sources, tiey will be jointly assessed by USDA 
and ICRISAT scientists later this \'ear. With an 
assured inoculum at Patancheru, suitable sc-
reening techniques have been evolved. Known 
susceptible cultivars are sown systematically 
through the test fields and infected with rust 
uredospores. Spreader plants, already infected 
with rust, art also placed systematically 

Table 3. 	 Sources of marked resistance to rust 
inArachls hypognea L. 

Plant 
Introduction Botanical 

Idertificatlon (PI) numbers type Origin 

Tarapoto 259747, 341879 Valencia Tarapoto 
350680. 381622, region of 
405132 Peru 

Israel lina 298116, 315608 Virginia Introduction 
136 to Israel 

from the 
USADHT 200 314817 Valencia Juanji, Peru 

FESR lines Hybrids between Segregating Puerto Rico, 
1-14 298115 and an from the 

unknown pollen USDA rust 
donor nursery 

Table 4. 	New sources of resistance to rust In 
Arachls hypogava L., Idontled at 
ICRISAT. 

Cultivar 	 Origin 

* NC Acc 17090 	 Peru 
* 	EC 764i (292) Uganda
 

NC Acc 17i29 Peru
 
NC Acc 17130
 
NC Acm 171,2
 
NCAcc 17135 "
 
NC Acc 17124
 

w Cultlvars with greater renlstance to rust i ICRISAT than theTarapoto lines PI 259747 and Israel line F1298115. 

through the field. During the postrainy season 
further screening of material is possible with a 
perfo-irrigation system to ensure high humidity 
and disease development (Subrahmanyam et 
al. 1978). 

The rust-resistant cultivars PI 259747, PI 
298115, NC Acc 17090, and EC 76446 (292) have 
been used extensively in hybridization pro
grams with a wide range of high-yielding sus
ceptible parents. Segregating populations are 
subjectedto the previously describedscreening 
procedures, and resistant selections are ad
vanced. Basic studies on the inheritance of 
resistance to rust are being carried out. Some F3 
populations received from the USDA rust 
nursery in Puerto Rico have been carefully 
screened and studied here on an individual and 
family basis to the F8 generation. From these, it 
appears that resistance is controlled by at least 
several genes. These advanced selections are 
now being yield-tested here, and they will 
shortly be sent out for multilocational testing. 
Early generation hybrids, bred at ICRISAT, have 
also been sent out for selection to various 
centers, 

The biology, distribution, and dispersion of 
the fungus have been extensively studied in 
India initially (Subrahmanyam et al. 1979). A 
collection of cultivars with known reactions to 
rust has been distributed to centers in India to 
ascertain whether races of the fungus occur on 
a national basis. Negotiations are also under 
way for rust samples from all over the world to 
be studied in the United Kingdom, which is not a 
groundnut-growing country, to identify races if 
they exist. 
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Leaf Spots that HLK 410, another diploid species in section 
Arachis (A.stenosperma -nomen nudum, Krap 

The leaf spots caused by Cercospora are- and Greg., unpub.), was not infected with either 

chidicola Hori and Cercosporidium per- leaf spot in the field in Georgia, USA. Hybrids 
sonarum (Berk. and Curt.) Deighton are the between these wild species and the cultivated 
most serious diseases of groundnut on a groundnuthavebeenmadeintheUnitedStates 
worldwide scale Bunting et al. (1974) estimated (Sharief 1972), the United Kingdom (Spielman 
that these fungi alone cause a Iiss of about 3 and Moss 1976),and at ICRISAT. The F,hybridis 
million tonnes of kernels per year. Losses in trip!oid and sterile. Colchicine treatment re
kernel yields of around !0% have been esti- stores fertility at the hexaploid level (Fig. 1). 
mated in the USA, where fungicide application 
isnormally practiced (Jackson and Bell 1969). In 
the SAT, where chemical control is rare, losses KiVI'IIIIX 
in excess of 50% are commonplace (Garren and 
Jackson 19731. Cultivated Wild 

Although fungicides are being tested at tetraploid diploid 
ICRISAT, the main emphasis ison incorporating 
resistance to these diseases. Limited resistance VA 
has been reported in the cultivated groundnut, N0 
and these accessions are being studied. The Sterile 

germplasm has also been e)-tensively screened triploid 
at ICRISAT for resistance to C.personatum and ,Coichicine treatment 
cultivars have been identified that have re- - E Field and 
stricted lesion growth, sparse sporulation on ... -- screenhouse 
the lesions, and infected leaves that do not U trials 
readily defoliate. Interestingly, some of these Hexaploid 

cultivars are also rust resistant and include NC PRODUCTION AND TESTING OF HEXAPLOIDS 
Acc 17090, EC 76446 (292), and PI 259747. The 
cultivar PI 259747 has also been reported as 
showing resistance to C. arachidicola in the Figure ". Method of producing interspecific 
United States (Sowell et al. 1976). Therefore, hexaploids for leaf spot resistance. 
progenies in the rust-breeding nurseries are 
also being screened for their reaction to the leaf 
spot fung. C.personatum is the dominant leaf Hexaploid progenies have been assessed at 
spot pathogen at Patancheru; therefore, sites ICRISAT, under a high incidence of C. per
are also being selected where C. arachidicola sonatum, and in Maldwi with C. arachidicola as 
dominates tofungstestLbortormaterial for resistance to this the fungus. spot resistanta dominant Leafwel. an fied-sreeing hexaploids are currently being backcrossed to 
fungus as well. Laboratory and field-screening the cultivated groundnut; the pentaploids ob
techniques are being jointly used, as it has been 
shown that the former alone can give mislead- tained will again be backcrossed to obtain 
ing results (Hassan and Beute 1977). near-tetraploid, high-yielding, leaf spot re-

An intensive program has been established sistant cultivars. Alternative methods are also 
at ICRISAT to utilize the wild relatives of the being used to produce tetraploid interspecific 
cultivated groundnut as sources of resistance hybrids for use in the leaf spot resistance 
to the leaf spot fungi. Within section Arachis breeding program (Fig. 21. 
two wild diploid species, GKP 10017 (A. 
cardenasii-nomen nudum, Krap and Greg., Aspergillus flavus and Aflatoxins 
unpub.) and GKP 10602 (A. chacoense -nomen 
nudum, Krap and Greg., unpub.) have been Aflatoxins are toxic secondary metabolites pro
reported as immune and highly resistant to C. duced by strains of fungi of the Aspergillus 
personatum and C. arachidicola, respectively flavus group growing on suitable substrates. 
(Abdou 1966, Sharief 1972, Abdou et al. 1974). Research on aflatoxins dates back to 1960 and 
Hammons (personal communication) observed the outbreak of Turkey 'X' disease, which killed 
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Figure 2. 	 Method of producing tetraploid in-
terspecific hybrids for leaf spot re-
sistance. 

Factors found to favor invasion of groundnut 
seed by A. 	f/avus include damage to pods by
other fungi, perforation of pods by termites and 
other insects, mechanical damage to pods dur-
ing cultivation and at harvest, overmaturity by
delayed harvesting, and drought stress. Poor 
drying conditions are also a common reason for 
fungal invasion and aflatoxin contamination, 

Simple recommendations for growing the 
crop and handling the produce to minimize 
aflatoxin contamination have been made but 
areoftennotfollowedbythesmallfarmerofthe 
SAT. 

Research technology at ICRISAT includes the 
incorporation of resistance to invasion of the 
testa by the fungus. Two breeding lines with 
this character have been identified in the United 
States (Mixon and Rogers 1973). However, if the 
testa becomes damaged or split, this resistance 
breaks down. The new approaches being
initiated at ICRISAT include the testing of cul-
tivars that may support the growth of A. f/avus
but in which the toxin is not produced. This 
happens with seeds of soybean and cowpea,
which get infected, but in which aflatoxin is 

rar¢;y produced. Preharvest and postharvest
infection, or lackof infection, is being studied on 
developing and mature pods and seeds ofmany 
cultivars. The entomologist is also studying 
cultivars for resistance to pod damage by soil 
fauna. 

Fungi 

other fungi affect groundnuts, but rust, 
leaf spots, andA. flavus are the major ones on a 

scale. We are interested in seedling
diseases, and germplasm is being screened for 
sources of resistance to such common fungi as 
A. flavus, A. niger, Fusarium, Pythium, Rhizoc
tonia, etc. Any cultivars with reported sources 
of resistance to any disease are being acquired
by the germplasm unit. 
Viruses 

Virus diseases of groundnuts are common and 

serious. InAfrica, groundnut rosette virus (GRV)is important south of the Sahara. Approxi
mately 0.5 million hectares of groundnuts were 
destroyed by this disease alone in Nigeria in 
1975 (Yayock et al. 1976). Peanut mottle virus 
(PMV) was estimated to cause losses amount
ing to $11.3 million in Georgia alone in 1973 
(Kuhn and Demski 1975). This disease is 
worldwide in distribution. In India, bud necrosis 
virus (BNV) can cause serious yield losses of up 
to 50% (Chohan 1972). 

However, much confusion exists in the litera
ture on the distribution and identification of 
these viruses. Identification has often been 
solely on the appearance of symptoms, which 
are confusing and variable. At ICRISAT we are 
attempting to identify precisely the causative 
viruses by purification and electron micro
scopy. Sensitive serological techniques are 
being used to help in the identification of the 
viruses (Reddy et al. 1978). Antisera are also 
being prepared and sent to cooperating
laboratories to .'idthem in their studies. Mass
screening techniques are being developed to 
identify sources of resistance both in the culti
vated and wild species of Arachis. So far, PMV 
has been idsntified in India (Reddy et al. 1978)
and BNV has been shown to be caused by 
tomato spotted wilt virus (TSWV). A new dis
ease of economic importance in northern India 
has been shown to be caused by a soil-borne 
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virus. This virus has been purified and an 
antiserum has been produced (Rer1y et al. 
1979). Cooperative projects are being estab-
lished with workers in West Africa who are 
investigating a similar soil-borne virus. Cul-
tivars with resistance to rosette are being used 
in our breeding programs and have been cros-
sed with high-yielding cultivars and with cul-
tivars resistant to other diseases. 

Insects 

Although many insect pests are limited in their 
distribution and importance, some are of 
worldwide importance. Among the latter 
are aphids, jassids, thrips, and termites. At 
ICRISAT, screening of germplasm has corn-
menced to identify sources of resistance to 
these important pests. Sources of apparent 
resistance to jassids and thrips have been iden-
tified; they are presently being reassessed in 
special pesticide-free areas specifically set 
aside for this purpose at the ICRISAT farm. 
Control of pests by insecticides and agronomic 
practices is also being examined. 

Two species of thrips have been identified as 
the vectors of bud necrosis virus (BNV), and the 
biology and bionomics of these pests are being 
studied. Alternative hosts of BNV, including 
both crop plants and weeds, have been iden-
tified (Amin, unpub.). Observations made in 
breeding blocks by the entomologist have 
shown that some advanced rust-resistant lines 
show promise for thrips resistance aiso. Ma-
terial emanating from the entomology program 
will be tested over different environments for 
stability of resistance and will be extensively 
used in the breeding programs. 

Nitrogen Fixation 

Very little work has been done outside the 
United States on groundnut symbiosis. At 
ICRISAT, we are trying to manipulate both the 
Rhizobium and host-plant component of the 
symbiosis in an attempt to increase nitrogen 
fixation - and yields - as well as the residual 
benefit to subsequent crops. 

We have collected, isolated, and tested for 
nitrogen-fixing ability some 40 Rhizobium 
strains. Surveys of farmers' fields indicate a 
large range in nodulation capacity and nit-
rogenase activities. 

Nitrogen fixation has been measured for 
several released cultivars during the growing 
season, using Nuptake and acetylene reduction 
assays. The nitrogenase activity per gram of 
nodule tissue in groundnuts is probably the 
highest recorded for any legume. With 
groundnuts, nitrogen fixation continues well 
into the pod-filling stage, but there are large 
differences between cultivars, as well as sea
sons, in nodule number, nodule weight, and 
nitrogenase activity (Fig. 3). Nodule distribution 
also varies considerably between cultivars. 
Some lines have nodules extending to the 
hypocotyl and even to the bases of the stems. 
From this array we are selecting lines for the 
breeding program to try to incorporate desir
able features intj high-yielding or disease
resistant cultivars. Close cooperation exists 
between the groundnut microbiology pro
grams at ICRISAT and North Carolina State Uni
versity, USA. We are jointly assessing 
material - under both advanced farming and 
SAT farming conditions -to try and enhance 
fixation by this widely adapted crop. 

Two new discoveries will aid us in this pro
gram. Nonnodulating lines of groundnuts have 
been identified in crosses between two nor
mally nodulating parents. These will be very 
useful controls for any N-balance studies. A 
new field assay technique for simultaneously 
measuring plant nitrogen uptake from the 
nodules and from soil is based on recent 
findings that legume nodules export more than 
90% of the fixed nitrogen from their nodules as 
allantoin. This substance and nitrate can be 
measured in very small quantities in bleeding 
xylem sap or extracts of stem tissues. This 
assay will provide us with a method for compar
ing nitrogen fixation and soil nitrogen uptake 
over a wide range of field situations, which was 
not possible with previously used techniques. 

Cropping Systems 

Although intercropping is part of the Farming 
Systems Program, we have been cooperating 
particularly in the choice of cultivars to fit into 
pearl milletlgroundnut combinations. This 
method of intercropping is common in many 
parts of the SAT, particularly in Africa (Okigbo 
and Greenland 1976). Willey and Rao (1979)

25 tohavedemonstratedyieldadvantagesupto 
30% when these combinations have been tried 
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Figure 3. Seasonal variation in nodule number and nodule weight per plant and nitrogenase
activitypergram nodule weight andper plant in cvKadiri 71- l and Comet grown during
rainy season 1976 and postrainy season 1977 at ICRISA TCenter. The postrainy season 
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at ICRISAT. The magnitude of the yield advan-
tage was mainly determined by the groundnut 
genotype,whereastheproportionofgroundnut 
yield to millet yield was mainly determined by 
the millet genotype (Reddy and W;lley 1979). 

We are also breeding for earliness in 
groundnuts. A very early cultivar would fit into 
relay cropping systems, particularly after the 
rice crop is harvested in Southeast Asia. 
Sources of earliness (Chico 91176 and 91776) 
have been identified and are being crossed with 
high-yielding and disease-resistant cultivars. 

Yield 

Although we feei that the incorporation of 
stable disease resistance is a primary objective 
to help the small farmer of the SAT, yield per se 
is also obviously important. This is not being 
neglected. High-yielding cultivars are being 
used to generate breeding material on a large 
scale (some 60 000 pollinations can be made 
in the two growing seasons per year at the 
ICRISAT farm). Replanting normally dormant 
cultivars or progenies immediately after har-
vest, to ensure a rapid advance of generations, 
is achieved by treating seed with a commercial 
ethylene-releasing dust. Since the program 
commenced in 1976, we are now able to send 

generations for national breeders to 
out F to seefrao 
test and select from. 

The Future 

We have been operating for a very short time, 
so we obviously have a long way to go before 
we can achieve marked success for the farmer 
of the SAT. We feel, however, that our major 
research emphasis on stable disease resistance 
and incresed yield will begin to be achieved in 
the not too distant future. We need to expand 
our programs at ICRISAT, particularly our 
cooperation with national and regional pro-
grams. We have the capacity to generate large 
quantities of breeding material with desirable 
characteristics. ltisnowourdutytodisseminate 
this in a logical manner to areas with specific 
requirements 'or their groui.dnut crops. 

Major developments are needed at ICRISAT 
Center. One is a full-scale physiology program 
with emphasis on drought resistance; another 
is to expand our entomology program; and a 

third is to exploit the untapped sources of the 
wild Arachis species. The species are not yet 
fully collected and those collected have not 
been completely assessed for desirable charac
ters. We do know, however, that sources of 
resistance tc diseases, insects, and nema
todos - as well as sources of desirable yield 
and quality aspects-are available (Moss 
1979). But incompatibility barriers occur bet
ween sections of the wild species and with A. 
hypogaea; these have to be overcome before 
useful genes can be incorporated into the culti
vated groundnut. Much basic work is being 
done on this aspect at North Carolina State 
Univer.ty, with which we have close working 
relationships. These joint ventures of basic and 
applied research will pay dividends in the 
future. 
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Farming Systems Research and Technology
for the Semi-Arid Tropics 

Jacob Kampen* 

Abstract 

ICRISA T's farming systems research contributes to raising the quality of life in the SAT 
through interdisciplinary and cooperative efforts to improve the use of natural, human,
and capital resources. ft has been found that dry sowing on Vertisols is successful if the 
early rains are dependable; introduction of toolcarriers results ingreater timeliness and 
improved efficiency of draft-animal use; the broadbed-and-furrow system controls 
excess water and facilitates cultural operations; double cropping on Vertisols appears
promising; intercropping increases total yields substantially on Vertisols and Alfisols;
and effective weed control can be attained through the integration of mechanical, 
biological, and chemical means. Watershed-based resource development and man
agement contributes to increased and more stable yields; the combined effect of 
differentproduction factors applied together far exceeds the total effect of these factors 
applied singly; and improved farming systems tested in operational-scale research 
watersheds consistently result in three- to five-fold increases in rainfall productivities.
On-farm studies to involve farmers in appropriate technology development and to 
search for effective forms of group action have begun. 

The farmers of the semi-arid tropics (SAT) in 
Asia. Africa, and Latin America have found 
th.ough long and often bitter experience that 
there is no certainty in agriculture because 
nature itself is so unpredictable. They knowthat 
their systems of farming are ahazardous way of 
life. Because of the uncertainties and ever-
present risk of drought (or flood), fermers are 
reluctant to use high-yielding varieties, fertiliz-
ers, and other inputs even when available. Thus 
unstable food production and low crop yields 
are common in the SAT (Kampen et al. 1974, 
Krantz etal. 1974, Virmani et al. 1979). For many 
developing countries in this ecological zone, 
rainfed agriculture has failed to provide even 
the minimum food requirements for the repidly 
increasing populations. 

The Consultative Group on International Ag-
ricultural Research (CGIAR) recognized the lack 
of suitable technology for soil- and water-
management and crop-production systems as 
primary constraints to agricultural develop-
ment in the nonirrigated SAT and included 
farming systems research in ICRISAT's initial 

* Principal Scientist, Land and Water Management,
ICRISAT. 

mandate (Doggett et al. 1971). The Institute's 
objectives of special relevance to its Farming 
Systems Research Program (FSRP) are: 

* 	 To develop farming systems that will help 
to increase and stabilize agricultural pro
duction through better use of natural and 
human resources in the seasonally dry 
semi-arid tropics. 

0 	To assist national and regional research 
programs through cooperation and sup
port and by sponsoring conferences, 
operating international training programs, 
and assisting extension activities. 

This paper attempts to highlight ICRISAT's 
approaches to farming systems research. It 
must be realized that this is done at a stage
when our concepts are still evolving, particu
larly with regard to cooperative research net
works and technology transfer methods. Some 
selected areas of work will be discussed for 
illustrative purposes; it is impossible within the 
scope of this paper to give a detailed account of 
FSRP results. 

We believe that substantial progress has 

been made since June 1972 when the first few 
exploratory farming systems experiments were 
planted. At that time "farming systems" was a 
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vague, unknown phrase in the SAT. Now, 7 
years later, ICRISAT's FSRP is providing leader-
ship in farming systems research to scientists in 
many regions, cooperative systems research 
activities have begun, and on-farm studies to 
develop more effective means for technology 
transfer have been initiated (Krantz et al. 1978, 
Kampen and Doherty 1979). 

The credit for the development of ICRISAT's 
FSRP and its early achievements goes to a 
dedicated interdisciplinary team of scientists 
assisted by a highly motivated technical staff, 
and especially to Dr. B. A. Krantz, program 
leader during the critical early years.1 The con-
tributions of our colleagues from national 
research programs in Africa, Brazil, and in 
particular the All India Coordinated Research 
Project for Dryland Agriculture of the Indian 
Council of Agricultural Research (ICAR), are 
also acknowledged. 

Goals, Activities, and 
Organization of ICRISAT's FSRP 

Erratic rainfall results in a low effective use2 of 
precipitation, and the water-use efficiencies3 of 
present farming systems are also low. Thus, 
low rainfall productivities4 are an important 
characteristic of agriculture in the SAT (Kampen 
and Krishna 1978). Improved land- and water-

1. The present research team consists of: R. K. 
Bansal, V.S.Bhatnagar, J.R.Burford, K.S.Gill, A. 
K.S.Huda, F. P. Huibers, Harbans Lal, J.Kampen, 
M. C.Klaij, J. H. Krishna, M. Natarajan, P.Pathak, 
M.R.Rao, A. N.Rao, M.S.Reddy, S. J. Reddy, T.J. 
Rego, Sardar Singh, R. C.Sachan, K. L. Sahrawat, 
M.V. K. Sivakumar, 0. P.Singhal, K. L. Srivastava, 
P.N. Sharma, S. K. Sharmna, S. V. R. Shetty, G. E. 
Thierstein, S. M.Virmani, and R.W. Willey. 

2. "Effectively used rainfall" is defined as the propor
tion of the growing season precipitation actually 
used for evapotranspiration of the soil-crop com-
plex (expressed as a percentage). 

3. "Water-use efficiency" is defined as the agricul-
tural production (in kg/ha or the monetary equiva-
lent) in relation to the actual evapotranspiration 
contributing to crop growth (in cm). 

4. "Rainfall productivit'," (RP) is defined as the ag-
ricultural production (in kg/ha or the monetary 
equivalent) in relation to the seasonal precipitation 
(in cm); it is the product of the effectively used 
rainfall and water-use efficiency. 

management technology and the development 
of optimum cropping systems are required to 
increase effective ulilization of rainfall. To im
prove water-use efficiencies, better varieties, 
cropping systems, and crop-management 
techniques must be developed. These com
ponents are considered basic elements of farm
ing systems offering the greatest potential to 
attain higher and more dependable yields. 

Duringthepast30years, populations in many 
areas have doubled, and farmers have therefore 
attempted to double agricultural production. 
Since there has been no substantial increase in 
per hectare yields, increased agricultural pro
duction could be achieved only through a 
tremendous increase in cropped area and live
stock numbers. This trend seriously endangers 
the conservation of the natural resource base. 
Steeper and more erodible lands are frequently 
being overcropped and overgrazed and forest 
lands are being denuded, causing pcinanent 
damage to vast areas (Figs. 1-2). The decreas
ing productivity of the land in turn increases the 
quest for more land. To break this vicious circle, 
more stable forms of land use that preserve, 
maintain, and better utilize the productive 
capacity of all resources are urgently needed. 

We therefore believe that farming systems 
research at ICRISAT must be "resource cen
tered" and "development oriented." The major 
goals of the FSRP are: 

0 To generate economically viable, labor

im 
.
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Figure 1. Existing practices studied at 
Figure 1 x n praties sied an 

ICR/SAT; runoff, soil erosion, and 
sedimentation observed on a 
rainy season fallowed Vertisol in 
1974. 
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Figure 2. 	 Resource degradation in its final 
stages; cattle grazing sparse vege-
tation on rocky subsoils in Bijapur, 
India. 

intensive technology for improving, utili. 
zing, and conserving the productive poten-
tial of natural resources. 

* 	 To develop technology for improved land-
and water-management systems that can 
be implemented and maintained during 
the extended dry seasons, resulting in 
additional employment for people and 
better utilization of available draft power. 

* 	To contribute to raising the economic 
status and the quality of life for the people 
of the SAT by developing farming systems 
that increase and stabilize agricultural 
output. 

If new technology is to be successfully 
applied to existing production systems, it is 
important to recognize the particular con-
straints and characteristics of the farming sys-
tems to be improved. In the semi-arid tropics, 
thpse generally consist of: intense rainfall in-
terspersed with unpredictable droughts, short 
rainy season, variable rainfall between seasons, 
high evapotranspiration, low infiltration ca-
pacity of soil, great water erosion hazard, small 
farms, fragmented holdings, limited capital re-
sources, mainly animal or human labor for 
power, severe unemployment in the dry sea-
son, limited biological resources, lack of credit 
facilities and seasonal labor shortages at peak 
times (Kampen and Burford 1979, Krantz et al. 
1974, Ryan et al. 1979, Virmani et al. 1979). 

ICRISAT's FSRP aims at assisting in the de
velopment of agriculture in the seasonally dry 
tropics with a special focus on the problems 
encountered by small farmers of limited means. 
The FSRP recognizes that the applicability of 
food production technology will vary by agro
climatic region and therefore focuses its re
search efforts on the development of principles, 
concepts, and methodologies that are transfer
able and have broad application. To meet its 
objectives, the FSRP is involved in the following 
activities (Binswanger et al. 1975): 

e 	 The assembly and interpretation of exist
ing baseline data in several research areas 
relevant to agricultural development in the 
SAT. 

0 	 The communication to cooperators of 
basic and applied research results relating 
to improved farming systems in the SAT. 

* 	The analysis of farming systems and the 
execution of simulation and modeling 
studies based on climatic, soil, and crop
ping systems information to identify 
regional research priorities. 

* 	 The organization and coordination of in
ternational cooperative trials to rapidly 
gain information about the performance of 
a practice, technique, or approach over 
time at one location and/or across lo
cations. 

9 	 The provision of support and expertise for 
thoselCRISATtrainingprogramsrelatedto 
farming systems research. 

* 	The conduct of basic and supportive re
search in several disciplines and the 
development of systems research meth
odology. 

0 The performance of interdisciplinary re
search on resource development and 
management, crop production, and re
source conservation at selected, represen
tative benchmark locations. 

In addition to the seven subprograms ad
ministratively part of FSRP, ICRISAT scientists 
from other disciplines participate in farming 
systems research and cooperate closely in 
many research projects. The FSRP is also linked 
to other ICRISAT programs and national re
search organizations; this is illustrated in the 
organizational chart (Fig. 3). All subprograms 
are involved in the operational-scale systems 
research and in the on-farm cooperative studies 
with national programs. 
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Figure 3. 	 Organizational chart ofthe Farming 
Systems Research Program. 

Concepts, Selected Problems, 
and Hypotheses 

To those involved in farming systems research 
at ICRISAT, it was clear from the beginning that 
a holistic, interdisciplinary approach to re-
search on soil, water, and crop management 
and the integrated application of new techno-
logy would be essential to successful agri-
cultural development in the SAT. Single-
component approaches were not expected to 
solvethe complex problems encountered in the 
SAT. Undependability of the crop-water en-
vironment is the most limiting factor to crop 
production; therefore, earlier approaches con-
sisting of only varietal improvement, crop and 
fertility management, fallowing, or bunding, 

etc., could not result in substantial effects. 
Emergency relief remained common in many 
areas. Even conventiunal irrigation projects 
were considered iradequate to meet the real 
needs of agriculture in the SAT (Kampen et al. 
1974).

To develop relevant approaches and to mold 

the FSRP, attention was focused on some major 
problem areas that were not intensively re

searched by national programs and the solution 

of which appeared to have great potential impact. 
These were:

About 18 million hectares of deep Vertisols 

in India and millions of hectares in Africa 
are being fallowed during the rainy season. 
The low productivity of postrainy season 
crops grown on residual moisture seemed 

to indicte inefficient use of available wa

ter. The exposure of uncropped soils to 
intense rains appeared to result in serious 
runoff and erosion in spite of the presence 
of soil conservation structures. 

0~ Alfisol areas in India and many dimilar soils 
in other regions of the SAT lose large 
quantities of water as runoff; however, 
rainy season crops frequently suffer from 
moisture stress. In India, water from wells 

and that stured in small reservoirs is being 
used mainly on such crops as rice and 
sugarcane. Few research efforts have been 
made to explore how limited water re
sources can be used to back up, rather than 
to replace, rainfed agriculture. 

In researching these problems, important 

hypotheses, considered basic to ICRISAT's 
farming systems research strategy, were de
veloped: 

o 	 In the SAT, water is most limiting and the 

entire farming system must be geared to 
its optimum use. 

* 	 Intercropping is practiced widely in exist
ing farming systems and its improvement 
and development is a crucial step in 
generating more productive, resource
conserving, and reliable systems. 

e 	 Soil erosion is serious and new soil- and 
water-conservation methods that simu!
taneously increase yields are urgently 
needed. 

0 	 Most soils are low in fertility; although the 
only short-term solution is increased 
chemical fertilizer use, research on lower 
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cost inputs, nitrogen fixation, and nutrient 
cycling is essential. 

* 	 Rainfall istheonlysource ofwater, thus the 
watershed (catchment) is the logical 
framework to investigate water as a man-
ageable input and also for resource de-
velopment. 

* Agroclimatological analysis, based on 
existing data and a quantitative under-
standing of the processes involved in the 
soil-plant-atmosphere continuum, can as-
sist in priority research problem identifi-
cation and in the extrapolation of research 
results. 

" 	Runoff, erosion, drainage, infiltration, 
groundwater recharge, etc., do not express 
themselves in relevant terms on small 
plots; such hydrologic factors are best 
studied on watersheds. 

* 	 Efficient and appropriate farm equipment 
of low cost is essential to implement more 
efficient soil-, water-, and crop-man-
agement systems and to attain adequate 
weed control. 

" 	 Most farmers depend upon animals and 
their own labor for power. Rapid access to 
mechanical power is neither probable nor 
desirable. Thus, in developing viable 
technologies, the use of available energy 
resources must be optimized. 

* 	 Many of the gaps between results derived 
at research stations and the farmers' real 
needs can be bridged by operational-scale 
systems research. 

* 	 Improved varieties, cropping systems, fer-
tilization, and crop-management practices 
to better utilize t,e available natural and 
human resources are essential ingredients 
to help increase and stabilize production to 
improve the quality of life of the people of 
the SAT. 

Research on Vertisols 
and Alfisols at ICRISAT 

The mean monthly values for rainfall and poten-
tial evapotranspiration of many areas indicatetiat,evapvtransffiint manytareas inatle 
that, on average, sufficient moisture is available 
to grow at leasione, and sometimes two, crops 
per year. However, studies of the probabilities 
of dependable (> 70%) rainfall on a weekly 

basis in relation to crop moisture demands have 
shown that frequently the water requirements 
of crops may not be met (Figs. 4-5). Thus yields 
are very low and the risk to crop production is 
great. 

Resource-management approaches and 
cropping systems principles developed and 
applied at ICRISAT led to promising results on 
the Alfisols andthe deep Vertisols (Kampen and 
Burford 1979). The attributes of these soils at 
ICRISAT have been listed earlier (Krantz et al. 
1978). 

A Watershed-based System
 
for Resource Conservation,
 
Management, and Use
 

Watershed-based resource utilization involves 
the optimum use of the watersheds precipi
tation through improved water, soil, and crop 
management for the improvement and stabili
zation of agriculture on the watershed. Better 
utilization of water can be facilitated by one or 
more of the following means: (1) by improving 
infiltration of rainfall into the soil; (2) through 
runoff collection, storage, and use; and/or 
(3) by recovery from wells after deep perco
lation. 

To improve resource utilization, manage
ment, and agricultural productivity, the follow
ing factors were studied (ICRISAT 1974, 1975, 
1976, 1978, 1979). 

Precipitation and Cropping Systems 

Weekly rainfall records were used to develop 
probabilities of soil-moisture availability re
lated to the water-holding capacity of soils and 
these were then matched with the requirements 
of widely different systems of '.ropping. The use 
of monthly data is not satisfactory because of 
the importance of variability over shorter time 
periods. These analyses resulted in the sel
ection of cropping systems especially suited to 

5. 	 "Watershed," strictly defined, refers to the divide 
separating one drainage basin from another.However, the use of the term to signify a drainage 
basin or catchment area has now become predo
minant. In this context the terms watershed, 
catchment, and drainage basin are considered 
synonymous. 
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Figure 4. 	 Initial and conditional rainfall probabilities' of RIPEb >0.33 at two selected semi-arid
 

locations. Initial as well as conditional rainfall probabilities are below the generally
 
accepted dependability level of 70% during substantial periods of the rainy season at
 
H-yderabad, the situation is even more serious at Sholapur (Source: Virmani etal. 1978). 

a. 	The probability of receiving certain amounts of rainfall during a given week is indicated by the initial
 
probabilities P(W); the probability of rain next week, if rain was received this week by the conditional
 
probability P(WNW); and the probability of rain next w -k if the current week has been dry, by the conditional
 

probability P(W/D). 

b. 	 R = Rainfall;
 
PE = Potential evapotranspiration.
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different soil situations. Theme studies also to 250 mm of available moisture makes it 
pointed out the problems involved in double feasible to support plants through mid- or 
cropping under many soil and climatic condi- late-season spells of drought. Improved infil
tions in the SAT and the potential advantage of tration is also needed on Alfisols, where the 
intercropping systems. This type ofanalysis has infiltration rate may be 75 mm/hr shortly after 
great potential for use in priority settings for cultivation; however, this can diminish to less 
agricultural research in new areas (Virmani et than 10 mm/hr due to the surface sealing
al. 1979). created by high-intensity rainfall. 

.t , ,,Erosion and Control of Excess Water 
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Figur& 5. 	 Computed (A)and measured (0) 
water quantities in the surface 20 
cm of a rainy season fallow Vertisol 
at ICRISA T in 1977. The approxi-
mate level of water present in that 
layer when seedlings would be 
seriously stressed is given by (----); 
the rainfall distribution is also indi-
cated. Note the risky situation that 
would have occurred thrice during
the early growing season if a crop
had been 	planted (Adapted fromhadeplae ( e f
Russell 1979). 

Infiltration 

Provided storage capacity is available in the 
root profile, maximizing infiltration is of the 
highest importance so that water is located 
where it is required. This is especially relevant 
to the deep Vertisols, whose capacity to store up 

Moisture in excess of available storage or in 
of the infiltration rate must be directed 

away from the land to prevent waterlogging 
and the attendant difficulties in agricultural 
operatiols, particularly on Vertisols. A major
problem on all soils is the removai of excess 

without allowing the development of 
high-velocity, high-volume streanis that are a 
severe erosion hazard. 

Reuse of Excess Water 

The collection of runoff water is required so thatit can be used for supplemental irrigation dur

ing drought periods. This would be particularly
important 	on Alfisols and shallow Vertisols 
because of their limited water-retention ca
pacity. Severe mid-season droughts can be 
expected at least once every 4 or 5 years in 
many areas of the SAT. If a water-storage 
facility 's developed, the early 'unoff can be 
collected, stored, and used later as a supple
mental "life-saving" irrigation until further rain 
comes. 

Based on these studies of the characteristics 
of existing farming systems, several com
ponents were researched and adapted or 
changed.
 

Reappraisal of the Cropping Season 
Only a small portion (20%) of the deep Vertisolsin India are cropped during the rainy season, in 

contrast to the common practice of rainy
season cropping on Alfisols and shallow and 
medium-deep Vertisols (Krantz et al. 1974). The 
reason is largely the poor workability of these 
heavy soils once the rainy season starts, thus 
preventing land preparation and adequate 
weed control. Therefore, these soils are usually 
fallowed; the profile becomes saturated by July 
or August, and considerable runoff and erosion 
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F, jur!2 6. 	 An intercrop of matze and 
pl'o1 pea or i Vrropsel water- Figure 7. A sequentially sown chickpea crop 

shed; this conhnatiun was after maize on a Vertisol watershed; 
found particularly advataqftuus the stubble of the previous crop is 
on (Jeep Vertisols because of (,on- left to minimrize landI preparation. 
tinuous crop c:over, no la1d prep- The pigeonpea of a maize 
arationi for the secuond crop is re- pigyeonpea intercrop can be seen in 

quired anl cotntinuity it) crop the background. 
tart/upy ii(I1s in) rosior control. 

occurs during the remaining part of the rainy (shortly ahead of the rains) in areas where the 

season (Fig. 1. precipitation commences fairly reliably and 

However, if a crop can be established on where there is a good probability of follow-up 

these soils during the early rains, the whole rains to ensure establishment of the germinat

profile is usually near saturation only for short ing crcp. One problem was the difficulty of 

periods during the latter half of the season; preparing a seedbed during the dry season, 

water is more efficiently utilized, and there is when tillage on these hard, clayey soils is 

less need for runoff collection and storage. A difficult. However, in most years, one or two 

possibility is ;1lso created for double cropping preseason rains occur to moisten the surface 

by me, u- of intercropping omsequential crop- soil, and the development of new tillage 

ping !Figs. 6-7); the large water-storage capac- techniques and suitable equipment make 

ity of these soils supports growth nore easily adequate land preparation ahead of the rainy 

during the subsequent dry (but cooler) post- season feasible.
 

rainy season. In small-scale experiments it was
 

found that intercropping systems can increase Animal-drawn Precision Equipment
 

yields per hectare very substantially compared
 

with sole cropping lKrantz et al. 1976, Stoop Operations research in 1973 and in 1974 clearly 

1977, Willey et al. 1979). For many combina idicated that in order to provide the required 

tions, these advantages are most evident at precision and to improve the efficiency of 

high plant population densities. Since inter- draft-animal use, improved animal-drawn 

cropping is very important to small farmers, equipment was necessary (Thierstein 1979). 

improvements will benefit ICRISAT's main Accordingly, a tool carrier was adapted to pro

target group. vide the same vertical and horizontal precision 

as tractor-mounted equipment at lower speed 
Dry Sowing but at only a fraction of the cost. This tool carrier 

consists of a frame on two rubber-tired or steelAn important factor that has facilitated cropping 

the deep Vertisols during the rainy season has 	 wheels with a toolbar to which various imple

ments (moldboard and disc plows, harrows,beer the realization that crops can be sown dry 
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planters, cultivators, fertilizer applicators, 
scraper, cart body) can be attached. The use of 
animal-drawn wheeled tool carriers and modi
fied equipment has resulted in considerable 
improvements of this segment of farming sys
tems. 

The animal-drawn tool carriers have been 
successfully used for land smoothing and 
drainageway construction (Fig. 8). Since 1973, 
four fully equipped tool carriers and eight pairs 
of bullocks have been sufficient to grow two 
crops each growing season on about 60 ha of 
Vertisol watersheds, conducting all operations 
oftillage, planting, and interrow cultivation (Fig.
9). Several lower cost units are presently being
investigated (Thierstein 1979). 

Year-round Weed Management 

The feasibility of dry season primary tillage has 
facilitated 	the development of the year-round 
weed management concept. This approach is 
especially 	suited to the SAT where a warm 
humid season, a cool dry postrainy season, and 
a hot dry season can be distinguished. Weed 
control during the two growing seasons can be 
accomplished (in intercropping systems) 
through a combination of mechanical and 
biological control. On soils such as Verisols, 
where weeds are a serijus problem, particularly 
in the rainy season, some herbicide use may bo 
required. However, the hot dry season lends 
itself best to thorough tillage to reduce peren
nial weeds and weed seeds (Shetty and Krantz 
1979). 

mm- = 	 -A 
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Figure 8. Tool carrier with scraper construct-
ing drains on an Alfisol. 

. .......
 

Figure 9. 	 Tool carrier used for dry season 
primary tillage on a Vertisol. 

Narrow ridges and furrows are onrly
adapted to 75 cmrows. 

A maize crop 

Broadbeds and furrows are adapted to many row spacings:
 

75 
Amaize crop 

--45-	 4 5 -60--.-.

sorghum or millet crop
 

A groundnut or chickpea crop 

S P S H P M 

Y
 

A pigeonpea/sorghum Intercrop or a pigeonpea/maize ;ntercrop 

Figure 10. 	 Alternative cropping systems and 
row arrangements on broadbeds 
(150 cm). All dimensions in cm. 
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Broadbed-and-Furrow System 

The system found to be most successful, bota to 
facilitate cultural operations and to control ex-
cess water, is a broadbed-and-furrow system 
with an amplitude of 150 cm (Fig. 10). The 
broadbed is about 100 cm wide and the sunken 
furrow about 50 cm. Initial experience with 
narrow graded ridges of 75-cm amplitudes at 
ICRISAT indicated instability of this system, 
particularly on Alfisols. The ridges were not 
wideenough to prevent "breaching," which can 
be catastrophic for soil conservation (ICRISAT 
1978); they also had too limited a flexibility to 
accommodate the wide range of crops grown in 
the SAT. With the broadbeds, it is possible to 
plant two, three, or four rows at 75-, 45-, and 
30-cm row spacings, respectively. Comparisons 
of flat planting with cultivation on broadbeds 
indicate substantial yield advantages of the 
graded broadbed system on deep Vertisols 
(Table 1). In 1976, values of crop yields in 
field-scale experiments were about Rs. 800/ha 
higher on broadbeds at a 0.4 to 0.6% slope than 
under flat cultivation at that slope (Kampen and 
Krishna 1978). 

Erosion and runoff are relatively low in thc' 
broadbed system on deep Vertisols, because 
the excess water is led off the ;and at a con-
trolled velocity in many furrows rather than in 
concentrated streams down the steepest slope, 
Drainage during wet periods is also facilitated. 
The preliminary data obtained at ICRISAT in-
dicate that the optimum slopes along the fur-
rows on Vertisols are in the range of 0.4 to 0.8%. 

The furrows are graded so that water dis
charges into grassed waterways, which may 
lead to a runoff-collection facility consisting of a 
dug tank or earth dam (Figs. 11-12). Research 
on watershed-based resource utilization is con
ducted on natural watersheds of a size similar 
to farm holdings in the SAT. Alternative 
resource-management methods and cropping 
systems are simulated on these watersheds, 
under conditions similar to those on real farms 
in terms of available labor and draft animals. 

Investigations on runoff and soil loss during 
high-intensity, long-duration storms on op
erational-scale research watersheds show that 
total runoff and peak runoff rates on Vertisols 
are much lower with broadbeds than with other 
treatments. This is particularly true in compari
son with the fallow treatment with repeated 
cultivations presently practiced on 
almost 20 million ha in India (Fig. 1, Table 2). 

In brief, operational-scale research on water
sheds hasshownthatthebroadbed-and-furrow 
system: 

0 	 Reduces soil erosion. 
* 	 Provides surface drainage. 
* 	Concentrates organic matter and fertilizer 

in the plant zone. 
* 	 Reduces soil compaction in the plant zone. 
e 	 Is adaptable to supplemental water appli

cation. 
* Can be laid out on a permanent basis. 
e Iseasily maintained with minimum tillage. 
o 	 Facilitates land preparation during the dry 

season.
 

Table 1. Mean monetary values of flat vs semipermanent broadbed-and-furrow system on Vertlsol 
watersheds using improved technology in 1976 and 1977 (ICRISAT 1979). 

Intercrop Sequential crop Means 

Maize Pigeonpea Total Maize Chickpea Total Both Both 
Watershed 

No. 
Land 
mgt. Year (Rs/ha) (Rs/ha) (Rs/ha) (Rs/ha) (Rs/ha) (Rs/ha) 

systems 
(Rs/ha) 

years 
(Rs/ha) 

1,2,3A 
1, 2, 3A 
Means 

Beds 
Beds 

1976 
1977 

2840 
2270 

2080 
2770 

4920 
5040 

2130 
2880 

950 
2400 

3680 
5280 

4300 
5160 

4730 
3B,4B 
3B,4B 
Means 
LSD. (.05) 
CV(%) 

Rat 
Flat 

1976 
1977 

2530 
2450 

1680 
1810 

4210 
4260 

2300 
2790 

570 
2200 

2870 
4980 

3540 
4620 

4080 
280 

9.2 
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Bed furrowdirection 

Grasseddrafns
 
Elevatedinlet
 

Figure 11. 	 The watershed concept ofsoil and 
water conservation and utilization. 
The key elements are: the forma-
tion of a graded broadbed-and-
furrow system to increase infiltra-
tion, to control excess water, and 
to facilitate timely soil-
management practices; the de
velopment ofa drainage system to 
convey excess water; and, where 
desirable, 	 the introduction of 
water collection facilities. 

* 	 Reduces the power and time requirements 
of agricultural operations. 

* Provides 	furrows for animals to follow. 
* 	 Is adaptable to many row spacings. 

Water Balances 

Studies of the water balance of alternative 
farming systems on Alfisols and Vertisols using
broadbeds indicate that the relative quantity of 
runoff is still considerable on both soils. The 
seasonal runoff on Vertisols exceeds 10% ofthe 

Figure 12. An airphoto of the BW5 Vertisol 
watershed at ICRISA T. 

rainfall in many years. On Alfisols 20% runoff is 
not unusual due to the surface-sealing charac
ter of these soils (Table 2); also large quantities 
of the rainfall percolate beyond the root zone. 
Thus, effectively used rainfall on Alfisols may
remain relatively low, often in the range of 50 to 
60% of the seasonal precipitation (ICRISAT 
1975, 1976). 

Runoff Collection and Supplemental 
Irrigation 

The collection of surface runoff during periods 
of excess rainfall, and itssubsequent useduring 
dry periods in the rainy season or early in the 
dry season, markedly decreases the risks in
volved in rainfed agriculture. A particular 
example is the response observed in the rainy 

Table 2. 	 Rainfall and runoff on a cropped 
Alfisol (RW2B) and a cropped deep
Vertlsol (BWI) watershed with 
broadbed-and.furrow systemso.6% slope 	and at a rainy season fal
lowed watershed (B4C) (ICRISAT
1976). 

Runoff 

Alfisol Deep Vertisol 

Rainfall' Cropped Cropped Fallow
 
Date (mm) (mm) (mm) (mm)
 

23 June 23 1.8 .0 0.5
 
2 July 24 3.0 
 1.7 0.2
 

21 July
3 Aug 8926 25.2 0.2 1.60.8 16.9 49.4
4 Aug 32 8.5 2.3 21.4
 

19 Aug 105 77.5 27.0 95.4
 

20 Aug 39 16.5 19.5 37.1
 
21 Aug 10 
 4.2 8.5
 
26 Aug 8 0.5 0.1 
 3.2
 
3 Sept 8 0.2 0.0 2.9
 
4 Sept 20 2.3 0.4 11.1 

Total of 
eight small
 
storms 115 4.3 0.7 6.9
 

Total 499 140.6 73.0 238.2 

a. Ind udes only rainfall from the 19 runoff.producing storms. 
The total rainfall for the rainy season (June-Oct) was 679 mm. 
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season of 1974, when a 30-day dry period 
coincided with the grain-formation stage 
(ICRISAT 1975). A supplemental irrigation of only 
5 cm to sorghum and maize in operational-scale 
research watersheds maintained yields near 
optimum levels, while yields of rainfed crops 
decreased by about 50%. The gross values of 
the increa3es due to this water application in 
two watersheds were (in Rs/ha) 3120 for maize, 

2780 for sorghum, 1085 for pearl millet, and 650 

for sunflower, 
The deep Vertisols rarely require supplemen-

tal irrigation for the rainy season crop. How-

ever, supplemental water can always be used 

on a postrainy-season crop, and growing a 

second crop car. sometimes be facilitated by a 

small initial quantity of water (Kampen and 

Krishna 1978). 
Thus, the potentials for use of collected sur-

face or ground water as a backup resource need 

to be further explored. The direct effect of 

improved water-utilization technology appears 

substantial in years of ill-distributed rainfall.A 

similar effect may he expected in producing a 

second crop in the dry season. However, 
another consequence of decreased risk of pro-

duction may be of even greater importance: 
reduced uncertainty will provide the basis for 

more assured profitability and also greater 

assured responses to other inputs such as 

improved seeds and fertilizers. This means 

greatly increased yields during years of 

adequate and well-distributed rainfall and thus 

better opportunities to "harvest the good 

years." 

Crop Production and Rainfall 
Productivity 

Data collected on Vertisol watersheds indicate 

that broadbed cultivaticn - even without 
runoff collection - has the potential to use a 
much higher proportion of the rainfall for crop 

production than most present systems. The 

effectively used rainfall on double-cropped Ver-

tisol watersheds, cultivated to graded broad-
beds, was about 75, 65, and 65% in 1974, 1975, 
and 1976, respectively; this was two to three 
times the effective rainfall utilized by existing 
rainy season fallow systems (ICRISAT 1975, 
1976, 1978). Intercropping s/stems on broad-

beds usually resulted in a somewhat greater 
rainfall utilization than sequential cropping sys-

tems, due to the temporary absence of canopy 
in the latter sequence. However, the total re
turns per hectare from sequential cropping 
systems exceeded those from intercrops 
(ICRISAT 1976, 1978). 

The effectively used rainfall on Alfisols under 
improved systems of farming was found to be 
only about 55% in 1975 and 1976. Without 
technically appropriate and economically via
ble systems for runoff collection and use, large 
increases in effectively used rainfall appear 

difficult to achieve on these soils. 
An attempt has been made to obtain prelimi

nary estimates of the "rainfall productivity" 

achieved by alternative systems of farming 

(Kampen and Krishna 1978). The RP values in 

1975-77 showed wide differences among vari

ous farming systems. In 1975, sequential crop

ping of rainy season maize and supplementally 
irrigated postrainy season sorghum resulted in 

the highest RP value on deep Vertisols. Rainfall 
productivity increased from Rs. 12/cm per ha in 

a traditional farming system of single postrainy 

season cropping on rainy season fallowed land 

to Rs. 58/cm per ha on double-cropped Vertisols 
cultivated to graded ridges (ICRISAT 1976). A 

very high RP value of Rs. 133/cm per ha was 

obtained on an Alfisol watershed where pearl 

millet grown on graded ridges in the rainy 

season was followed by supplementally irri

gated tomato in the postrairiy season. 
The range of RP values obtained on deep 

Vertisols illustrates the production potential of 

this environment in the SAT if an improved 

system of farming can be developed and im

plemented. Such systems are now being further 

adapted and tested in on-farm research, con

ducted cooperatively with national programs in 

India. 

Synergistic Effects 

The development and implementation of im

prcved technology involves many facets or 

s'ieps. Researching the effects of each individual 

facet independently would make the total 
number of experiments unmanageably large. 
Moreover, the yield-increasing effects of many 
of these single steps (fertilizer type, placement, 
quantity, timing, etc.) have already been estab
lished in small-scale, controlled experiments, 
often under otherwise optimum conditions. 
Therefore, in one set of experiments these 
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many facets were grouped into four phases: 
variety, fertilization, soil and crop management, 
and supplemental water. To determine the ef-
fects of these four phases, at alternative levels 
of technology, the studies were executed on a 
field scale using exclusively animal-drawn 
equipment for all cultural operations. In 1976, 
this "steps in technology" experiment was 
conducted with sorghum, involving a corn-
parison of "traditionai" versus "improved" 
technology on an Alfisol (Fig. 13). During the 
rainy season, the rainfall was adequate and the 
distribution reasonably uniform so that no sup-
plemental water was required. Thus, only the 
first three phases are considered. 

There was a significant response to improved 
fertilization in traditonal systems; unfortunately 
chemical fertilizers are an expensive input and 
therefore the risk of applying these in the 
rainfed setting is great. Improved variety and 
improved management as single factors 
showed an upward trend but this effect was not 
significant. Improvement of either one of these 
two factors alone did not result in substantial 
net benefits (ICRISAT 1978). However, treat
ments involving two or three steps in combina-
tion resulted in large yield increases. The yield 
increase of "improved" over "traditional" 

technology from the three steps combined was 
double that of the sum of the increases from the 
same three steps applied singly (Fig. 13). This 
illustrates that large benefits can be gained 
from the synergistic effects obtained when 
different steps are applied together in a system. 
Similar results were obtained with sorghum on 
the same soil in 1975 and with maize on a 
Vertisol in 1976 (ICRISAT 1976, 1978). The ra-
toon crop resulted in low yields. This was due to 
sericus shoot-fly damage and illustrates the 
devastaing effect that one missing facet may
have on yields of an improved technolcgy 
system. Unpredictability of yields, due to 
weather Jncertainty or to missing elements in 
an improved farming system that requires more 
expensive inputs, will be a serious barrier to 
implementation on small subsistence farms. 

A 	Look Ahead 

From 1974 onwards, several international con-
ferences, workshops, and reviews have aided in 
shaping the orientation and major thrusts ofthe 

FSRP (TAC 1978, Krantz et al. 1977). None of 
these resulted in fundamental changes in the 
objectives of the FSRP. However, it has been 
repeatedly recommended that greater em
phasis be placed on: meaningful agroclimatic 
classifications of the widely diverse SAT, re
search methodology development, cooperative 
research with national programs, in-depth 
analysis of farming systems and simulation 
studies, farming systems research at ben

; 
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Figure 13. Sorghum grain yields (tonnes per 
hectare) from traditionala (T) 
technology E from the 
singlej application of im
provedb management (M), variety 
(V)or fertilizer (F) and from the 
application ofthesethreefactors in 
combination F on an Alfisol in 
1976 (ICRISA T 1978). 

a. 	Traditional technology: Variety-PJ8K; 
Fertilization-50 cartloads farmyard manJre in 
1975, none in 1976; soil and crop management 
simulates present farmers' practice with fertilizer 
broadcast, sowing done with a local seeder and 
minimum insect control if required. 

b. 	 Improved technology: Variety-CSH6; 

Fertilization - 75 kg/ha of 18-46-0 and 67 kg/ha ofnitrogen top-dressed; Crop and soil 
management-all operations executed with improved implements, fertilizer banded and seed 
planted on graded broadbeds, atrazine applied at 
75 kg/ha, minimum insect control if required. 
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chmark locations, and studies of improved 
farming systems under on-farm conditions, 
These are expected to be the areas of primary 
focus in the years ahead. 

Major Research Areas 
In the Next Five Years 

Classification 

In order to serve the farmers of the SAT, we 
must know more precisely the characteristics, 
resources, and constraints in different regions. 
The initially accepted definition of the SAT 
emphasizes the length of the wet season, is 
ecological, and is based on readily available 
data (Virmani et al. 1979). However, more de-
tailed work on the identification of isoclimes 
based on climatic and soils data is now required 
to assist in the transfer of suitable crop im-
provement and farming systems technology 
developed at ICRISAT, its benchrark locations, 
and by national programs. Itis also important to 
provide indices of moisture availability for suc-
cessful crop production in seasonally dry areas. 
Risk is an important factor governing present 
and potential farming systems; it is therefore 
necessary to quantify the risk levels associated 
with agriculture in diverse regions and to 
identify basic climatic constraints (Virmani 
et al. 1979). 

Research Methodology 

Farming systems research must be concerned 
with the development and dissemination of 
principles and results that are transferable and 
capable of speeding up the development and 
implementation of specific farming systems by 
national research centers and action agencies. 
Work on the development of research 
methodology, basic principles, and the concep-
tualization of research approaches will there-
fore be strengthened. Thus, in the future, 
substantial emphasis will remain directed to-
ward developing a better understanding of the 
processes involved in water and nitrogen 
dynamics, competitive claims for resources in 
intercropping systems, factors influencing 
weed susceptibility, etc. These studies will 
stimulate interdisciplinary approaches and 
facilitate model development, 

The Environmental Physics subprogram is 

leading an effort to develop accurate, reason
ably simple, and reliable techniques for field 
studies of the dynamics of water as it moves 
through the soil-plant-atmosphere continuum. 
The scientists concerned seek to undurstand the 
physical processes operating and to measure in 
situ the quantities of water involved and the 
quantitative effects of the properties of the 
system that controls them. The ultimate aim is 
to contribute to the modeling of transpiration 
and crop yields to facilitate the extrapolation of 
research results (ICRISAT 1978, Russell and 
Singh 1979). 

The Cropping Systems subprogram is 
spearheading an effort to discover the funda
mental relationships that will provide a scien
tific basis for intercropping improvement. 
Central to this effort is a set of research projects 
examining the efficiencies with which the re
sourcesoflight, water, andnutrientsareutilized 
and identifying the agronomic practices leading 
to greater yield advantages. Particular attention 
is also directed to experimental design de
velopment (Willey et al. 1979). 

Modeling 

ICRISAT is one base where new concepts, 
approaches, and methods toarriveat improved 
farming systems aregenerated. However, these 
principles have to be integrated, tested, and 
adapted into viable systems before their appli
cation in the diverse regions of the SAT. Model
ing and simulation can effectively contribute to 
this process. Where areas characterized by 
varying conditions are to be served, the first 
step is to collect detailed information on the 
physical and biological settings in the different 
regions. Climate, soils, crops, and cropping 
systems are the building blocks for improved 
farming systems. The FSRP will notbe pioneer
ing in model development; available models 
will be tested and adapted to the requirements 
of different agroclimatic regions. 

Two objectives of modeling at ICRISATcan be 
distinguished: (1) a greater understanding of 
the physical processes involved and at the 
identification of gaps in knowledge, which can 
assist in the setting of research priorities, and 
(2) thegenerationofpredictivemodelsthatcan 
be used to evaluate the relative potentials for 
various prospective technologies under a wide 
range of crop-resource situations. Although 
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most early results will relate to the first ob-
jective, long-term efforts are aimed at the gen-
eration of predictive models to better fulfill 
ICRISAT's objectives across varying resource 
environments. 

It is our hope that such process-based,
weather-driven soil and crop modulated 
models will be useful in: (1) explaining and 
generalizing the results of site- and season
specific field experiments, (2) identifying ag-
roclimatic analogues, (3) analyzing the likely
consequences of alternative systems of soil, 
water, and crop management under different 
sets of soil and climatic conditions, (4) quan-
tifying the risks associated with alternative 
farming systems, (5) assisting national pro-
grams in setting research priorities, 

Benchmark riesearch 

To make simulation techniques effective, it will 
be necessary to identify a limited nulrmber of 
benchmark locations in Asia, Africa, and Latin 
America. The diversity of the resource base 
encountered in the SAT dictates the need for 
associated research efforts at such sites. These 
locations will be carefully chosen in cooper-
ation with national programs to represent dis-
tinctly different climatic, soil, and topographic 
conditions, and to cover the spectrum of en-
vironments with a minimum of locations. Re-
search at these benchmarks will be developed
in cooperation with the national and state in-
stitutions; it is expected that in many cases,
ICRISAT's Crop Improvement cooperative 
programs may also be located at or in close 
prr A imity to these sites. 

hxperimental results from the past few years
justify the assumption that the farming systems 
presently found in much of the SAT cannot be 
significantly improved by introducing better 
technology for any single production factor 
alone. The climate and soils environment, the 
traditional cropping systems, and the behavior 
of farmers in the face of risk create a situation in
which improvement of one component of the 
production system rarely results in adequate 
returns for the long run. The implications for 
farming systems research are clear: several 
components of new technology must be identi-
fied and integrated in operational-scale re-
search. This should be done in such a manner 
that the synergistic effects of thesecomponents 

make theirconcurrent introduction feasible and 
rewarding, while conserving the resource base 
to assure long-term stability. Once technically
and economically viable farming systems have 
been developed for different areas of the SAT,
further research on successful implementation 
,n the setting of existing farming systems must 
be pursued. 

Cooperative Research 

Preliminary results from research by national 
programs in the SAT and by ICRISAT indicate 
that improved resource conservation and utili
zation, along with improved technology applied 
to 	all phases of crop production, has great
potential for generating economically and 
technically viable farming systems capable of 
increased and more stable agricultural pro
duction (Kampen 1979, Krishnamoorthy 1977,
Krantz et al. 1978, Spratt and Chowdhury 1978).
However, the resource base (climate, soil, 
people, crops and cropping systems, livestock,
capital, etc.) is characterized by grdat diversity. 
Even at a given location, the environment for 
cropgrowth will differ from year to year duetothe 
variability in rainfall. Therefore, appropriate
farming systems technology will have to be 
flexible to perform well under a range of con
ditions. 

Two major questions must be answered by
cooperative farming systems research: 

1. Through studies of the existing resources 
and management techniques as well as 
the requirements of new cropping 
systems, a clear answer must be obtained 
to "what" is to be done to improve the crop 
growth environment and to maintain 
productivity; investigations with these ob
jectives and the determination of the rela
tive probability of success for alternative 
approaches are primarily conducted at 
research centers, and past research has 
almost exclusively focused on these ques
tions. 

2. 	Knowledge gained on the first set of ques
tions must be translated into "how" this 
new information isto be fitted into existing 
farming systems. Site-specific, applicable 
resource management and utilization 
technology must be generated under di
verse agroclimatologic and socio
economic conditions. Such problem
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solving investigations are most effectively 
carried out through farming systems 
studies on an operational scale at research 
stations and on farms (Kampen 1979). 
Cooperative research programs aimed at 
these goals are presently being initiated in 
the seasonallydry regions of southern and 
southeastern Asia, West Africa, and north-
eastern Brazil. 

On-farm Research 

In its cooperative research programs on real 
farms. ICRISAT's FSRP does not envisage the 
demonstration effect or the implementation 
of new technology as a major goal. Those 
activities are the exclusive responsibility of 
national organizations for research and exten-
sion. However, it is expected that the results of 
such cooperative research projects will greatly 
facilitate later implementation of new technol
ogyacrosslargeregionsoftheSATbyadapting 
that technology to what farmers require, by 
identifying bottlenecks, and by developing 
guidelines for appropriate village- and farmer-
level organizational structures (Kampen 1979). 

In view of the more limited resources of 
farmers, the performance of technology in 
farmers' fields may differ from what has been 
observed at research stations. 'Testing under 
real world conditions can provide information 
on the actual economic viabiiity of watershed-
based technology. It is therefore important that 
the technology be studied in farmers' field 
situations so that constraints to adoption can be 
identified and specifically addressed by further 
research to improve the technology (Kampen 
and Doherty 1979). 

On-farm research provides for participation 
of farmers in the development of technology. 
Ideally, agricultural research does not start at 
research stations; it starts on farms. Only in this 
setting will feedback to the research programs 
be generated. Such feedback is considered 
essential to assure the continuing relevance of 
technological solutions to the problems of 
farmers. 

Research on watershed-based systems in 
on-farm situations also has an advantage in that 
ciritical questions can be addressed regarding 
the initiation of group action among farmers 
who operate plots on a watershed area. Indeed, 
these issues only express themselves in an 

on-farm situation. With farm sizes in the Indian 
SAT averaging around 1 to 2 ha, and with 
farmers having several plots comprising this 
area (often in locations that are spatially sepa
rated), and with watershed sizes generally 
many times larger than individual farms, it is 
imperativethat operational guidelines for elicit
ing group action be defined. 

We envisage that the information generated 
from these cooperative research projects will 
have impact far beyond the actual locations of 
project execution. Improved understanding 
of the technology-generating process -and of 
effective organizational structures identified as 
prerequisites to the effective implementation 
of new farming systems -may facilitate ag
ricultural development not only in the regions 
concerned but in the entire SAT. 

Participation in Training Programs 

Training programs are an essential part of 
farming systems research. The concepts and 
approaches for farming systems research are 
new, and guidelines are not as well developed 
as in more established research activities.Farm
ing systems research is also highly interdisci
plinary, involving integration of many discip
lines to develop efficient resource use and 
productive cropping systems technology. The 
FSRP staff has been active in ICRISAT training 
programs and expects to greatly expand this 
activity by providing special courses in farming 
systems research. In the early stages, this effort 
will be oriented primarily toward cooperating 
scientists. Later, training of those charged with 
teaching technical officers involved in de
velopment projects will be emphasized. 

Conclusions 

Over the past 6 years, ICRISAT's FSRP de
veloped a research strategy which consists of: 
(1) identification of major problems in a rep
resentative ecological zone and the focus of 
interdisciplinary research on the solution 
thereof; (2) development, investigation, and 
testing of hypotheses and the generFI=on of 
approaches and methodologies that .3n be 
used by national programs to tailor solutions to 
specific conditions; (3) the simultaneous inves
tigation in depth of single production com
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ponents and the integration of new technology 
into improved farming systems through oper-
ations research; (4) the development of mod
els to extrapolate results; and (5) the study of 
implementation methods on real farms. 

In the process of developing a research 
strategy, several important f'ctors have been 
recognized. Some of these are: 

* 	 Recognition of the small agricultural 
watershed as a focus of research and a 
framework for development. 

o 	Reevaluation of animal power as a major 
resource in farming systems in the SAT if 
appropriate machines and tools can be 
developed. 

* 	 Demonstration of the value of agroclimatic 
quantification in research priority-setting, 
in the selection of improved soil-, water-, 
and crop-management systems, and in 
extrapolation of research results. 

" Understanding of the advantages to 
farmers in the SAT of intercropping 
systems under high levels of management 
and inputs. 

* 	 Appreciation of the critical importance of 
model development to extrapolate re-
search results in time and space. 

* 	Advantages of year-round tillage and 
weed-management approaches, es-
pecially on Vertisols. 

* 	 Potentials of operational-scale systems re-
search to partially overcomegaps between 
research results and farmers' require-
ments. 

" 	Substantial synergistic effects that can be 
obtained by combining important produc-
tion factors.* 	 Utility of on-farm research to involve
farteinty honfargyeerchoenans 
farmers in technology development and asa feedback mechanism for identification ofpriority research needs. 

There are no shortcuts to development in 
the SAT. Sustained increased production, 
employment, and income will result only if im-
provement can be effected simultaneously in 
several production factors. The soil and the 
water that falls on it are precious resources that 
require careful husbandry. Soil and crop man-
agement, as implemented by farmers, appears 
to be the most critical ofthe factors now limiting
production. The research results obtained show 
potential and justify hope that problem-focused 

farming systems research can effectively con
tribute to the realization of ICRISAT's goals. 
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Socioeconomic Constraints to Agricultural

Devalopment in the Semi-Arid Tropics


and ICRISAT's Approach
 
James G. Ryan and Hans P. Binswanger* 

Abstract 

This paper discusses how socioeconomic constraints to agricultural development are
evaluated at ICRISA Tin order to better formulate research priorities in an ex ante sense 
as well as to improve the efficiency with which new technologies, once they are
developed, are "marketed" to farmers. The constraints discussed include variations in 
population densities, the heterogeneity of the resource endowments in the SA T,the role
of risk in farmers' decision making, marketing institutions, human institutional require
ments, and, finally, efficiency and equity concerns in research resource allocation. 

One of the important mandates of ICRISAT is to 
help identify socioeconomic and other con
straints to agricultural development in the SAT,
and to evaluate alternative technological and 
institutional means of alleviating them. This is a
recognition that agricultural research must be 
designed and implemented keeping the 
socioeconomic environment of target and client 
groups clearly in view; agricultural research 
investments that consider only the poten-
tialities and constraints of the agrobiological 
environment do not lead to the highest possible
returns. Viewing agricultural research as a mul-
tidisciplinary exercise can enhance the returns, 
not only in terms of efficiency but also in terms 
of human welfare and equity. 

The importance of carefully targeting re-
search allocations cannot be overstressed in 
view of the extremely limited amount of re-
search expenditures in the SAT. Theyamountto
only 0.008 U.S. cents per hecta re of geographic 
area and only 0.14 cents per hectare of the five 
ICRISAT crops - sorghum, pearl millet, 
pigeonpea, chickpea, and groundnut. Total re-
search expenditure in the SAT amounts to $14 
million, of which over 50% is ICRISAT's. The 
low level of national research expenditures for 
SAT agriculture is in itself an important 
socioeconomic constraint that needs to be em-
phasized at the outset of this paper. 

* 	Principal Economist and Leader; and Principal 
Economist, ICRISAT Economics Program. 

Socioeconomic Constraints 

Population Densities 

The 48 less developed countries with semi-arid 
tropical climates had an estimated population
of around 600 million in 1975. These are sup
ported on a SAT geographical land area of 
approximately 17.6 million km2 representing 3 
population density..i 0.34 people/ha. 1Or, to put 
it 	another way, there are about 3 ha of geo
graphic land available per person in the SAT to 
provide food, clothing, shelter, and the where
withal to invest for the future, as well as to 
augment the necessities of life at the present
population level. In some SAT countries, the 
population/land equation isfar in excess of the 
0.34 average. For example, in India the density 
is almost five times the SAT average, while in 
Nigeria it is twice. This means in SAT India there 
is only 0.6 ha of land for each person, while in 
Nigeria there is 1.5 ha Since not all this land is 
arable, the picture is even more serious than 
these figures indicate. 

It is the generally high population/land pres
sure in the SAT -along with the primary de
pendence on uncertain rainfall and nutrient
deficient and often eroded soils -that poses 
the most significant physial constraint to de

1. Land areas are on ageographical basis.The source
for most of these data are Ryan (1974, 1978), with 
appropriate updating. 
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velopment. When this is combined with the 
h:gh population growth rates, the problems for 
agricultural research become urgent. These 
population growth rates are as follows: 

SAT region Population growth 
(% p.a. 

Asia 	 2.45 
ASouth of Sahrarl 2suggests 
South and Central 

America 2.70 
Near East and North 

West Africa 2.90 

Total SAT 	 2.50 

More than 75% of the population of these 
countries depend on agriculture for their liveli-
hood, particularly the people who reside in the 
SAT regions. 

These statistics reveal to some a gloomy 
prospect for the SAT. However, at ,:ie same 
time there are some hopeful signs. First, mere 
recent poptilation growth rate calculations 
suggest that in many of the less developed SAT 
countries"the rates of increase have begun to 
slow down (World Bank 1974). The reasons 
seem to be that the rapid increases in life 
expectancies since World War Ii-- resulting 
from substantial public health programs aimed 
at controlling malaria, tuberculosis, smallpox, 
cholera, etc.- have begun to taper off. Also, 
birth rates have been declining as people incor-
porate 1his information about increased life 
expectancies into their decisions on family size. 
To have one's children alive when one reaches 
old age is now much more probable than it was 
25 years ago. Since 1950, the life expectancy at 
birth in many low-income countries has in-
creased 40% or r,ore (Ram and Schultz 1977). 
For India, mala life expectancy at birth between 
1951 and 1971 rose from 32.4 to 47.1 years, an 
increase of 45%; for feinales, the increase was 
44% -from 31.7 to 45.6 years. To the extent 
that part of the demand for children in less 
developed countries is to provide social sec-
urity for old age (Mamdani 1972), these in-
creased life expectancies must further reduce 
the demand for children. 

2. 	 These are simple averages of individual country 
growth rates as reported in Ryan (197 4 ).Data cover 
the period prior to 1971. 

The increase in life expectancy, resulting 
primarily from improved health and/or nutri
tion, also implies an increase in the quality of 
labor - or enhanced human capital. These im
provements have positive Impacts on produc
tion (Ram and Schultz 1977). Increased invest
ments in schooling, which are also occurring in 
low-income countries, further augment their 
stocks of human capital. Preston (1976) 

that the decline in mortality leads to 
increased incentives for people to invest in 
schooling. 

Hence, while demographic events in less 
developed countries on the surface have re

suited in what many would call physical con
straints on development, a more informed view 
suggests that thase same events have also led 
to an increased investment in humans; this, in 
turn, is expected to lead to a greater potential 
for populations to deal with the economic dis
equilibria that characterize economic moderni
zation (Schultz 1975).3 Viewed in this perspec
tive, the high populationlland ratios of much of 
the SAT need not be a negative factor in the 
prospects for growth of food production and 
enhanced development in these countries. 

The predominance cf subsistence-oriented 
farming in SAT countries is a current fact; 
ICRISAT is designing its technologies to 
explicitly recognize this, especially in the short 
run. However, we are not restricting ourselves 
tothisconceptinthelongrun.Thereisevidence 
(Doherty 1978) that in commercialized agricul
ture, where reliance on unskilled and family 
labor is less than in subsistence-oriented ag
ricultural sectors, birth rates are also consider
ably less. Planning agricultural technology that 
allows or even encourages commercialization 
itself can have a restraining influence on popula
tion growth. 

Heterogeneity of Resource 
Endowments 

The heterogeneity of the SAT is a factor which 
makes technology design a difficult exercisefor 
an international center. This is why we have 

3. We do not have precise information on health and 
schooling in countries other than India at this time. 

However, simil.r trends in life expectancies and 
fertility are occurring in many developing coun
tries (World Bank 1974). 
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devoted considerable effort to cha.dcterizing 
the SAT, to ensure that our research is focused 
on the priority problems and regions. In India 
the SAT population/land ratio is about 1.7 
personsiha, while in SAT Africa it averages only
0.14; this means that technology design in 
these two regions must embody different 
characteristics.4 In SAT India, with its abun-
dance of animal draft power, ICRISAT has opted 
for technologies that use labor and animals but 
save scarce land. On the other hand, in SAT 
Africa the emphasis may be more toward 
labor-saving and land-using technologies, with 
the possibility of mechanical innovations also 
(Ryan 1974, Subrahmanyam and Ryan 1975). In 
SAT India, it seems from the work of 
Binswanger (1978a) that, except in special cir-
cumstances, tractors may not be a desirable 
component of newtechnologies. Therefore, our 
primary focus at ICRISAT-particularly in 
farming systems research for India - has been 
on developing improved soil, water, and crop-
ping systems that can be implemented with 
animal-powered implements supported by
human labor, resources that are relatively 
abundant. 

The heterogeneity in the resource endow-
ments of the SAT regions of the world has led 
ICRISAT to use the concepts of induced inno-
vation espoused by Hayami and Ruttan (1971) 
in their now-famous book Agricultural De-
velopment: An International Perspective, and 
subsequently elaborated by Boyce and Even-
son (1975) and Binswanger et al. (1979). This 
has helped guide research resource allocation 
decisions and the search for new techniques of 
production. Although this has often been more 
at the macro end of the spectrum (Ryan 1974, 
1978, Doherty 1978), these concepts are increas-
ingly beiig applied at the micro or farm level 
(Binswanger et al. 1976, Binswanger and Ryan
1977, Ryan and Rathore 1978, Jodha 1978, 
Doherty 1979). 

Infrasltructure 

There are substantial differences in the infra-
structural support systems in the 48 less de-

4. 	The differences are even more extreme between 
countries: the lowest ratio is in Botswana, with 
0.02 peopletha, or 1% that of India. 

veloped SAT countries. India has a well
developed marketing system for crops (von 
Oppen 1978a); a widespread road, rail, electri
city, and communications network; rural credit 
facilities that are improving each year; large
scale fernilizer and pesticide manufacturing and 
distribution facilities; and a sophisticated ag
ricultural research and training network. Other 
SAT countries such as Brazil, Mexico, Thailand, 
Nigeria, Senegal, Rhodesia, and Argentina are 
also relatively well-endowed with infra
structural facilities of this type. Even in these 
countries, however, there is an imbalance in the 
regional distribution of facilities, with the urban 
areas and the non-SAT agricultural regions with 
higher and more assured rainfall generally re
ceiving a dispr,-nortionate share of infrastruc
tural investments. Nevertheless, these coun
tries are in a far better position than such SAT 
countries as Mali, Chad, Sudan, Ethiopia, Niger, 
and Upper Volta. 

In the short run, infrastructural constraints 
willmeanthatallSATfarmerswillnotbeableto 
fully adopt technologies that offer high payoffs 
to investments in purchased inputs such as 
fertilizers, pesticides, and improved imple
ments; rather, adoption will be a sequential 
process. ICRISAT must therefore evolve 
technological options that will fit the varying
infrastructural support systems prevailing in 
different SAT countries. At the same time, it 
should be recognized that a prerequisite for 
infrastructure improvement in these countries 
is a demand for improvements such as fertili
zers, credit, roads, markets, and communica
tions, resulting from development of techn
ologies that make profitable use of these inputs. 
We believe this demand must be there in order 
to convince governments and inter
national donor and aid agencies of the need to 
supply improved infrastructural facilities. These 
are the precursors of development and growth. 
Research in the Economics Program by von 
Oppen and his colleagues (1979) has de
monstrated the gains in productivity that can beachieved from investments in establishing 

markets, in improving roads and communi
cations, and in enhancing interregional trade 
opportunities. Gains from improvements in in
terregional trade flows were shown to be sub
stantially greater under circumstance, where 
technological change is occurring differentially 
in the regions concerned. 
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International and national agricultural re-
search institutions must not focus solely on 
input and management-intensive technology; 
other technological options, which make better 
use of the extremely limited infrastructural 
facilities found at present in many SAT coun-
tries, must also be a part of the portfolio.5 As 
Ryan and Subrahmanyam (1975) have shown, 
there seems to be a real scope for development 
of technological options that offer substantial 
payoffs to farmers with limited access to infra-
structural facilities while atthe same time allow-
ing those with better access to reap additional 
benefits. There need be no trade-off made here 
in designing technologies that offer improved 
productivity and income to farmers regardless 
of where they are located on the infrastructural 
spectrum; a single package-of-practices ap-
proach will not be the correct philosophy in this 
context. 

At ICRISAT we have adopted an approach to 
research that embraces the concept of 
technological options. In the Farming Systems 
Research Program, for example, a series of 
experiments has been under way for several 
years to evaluate the individual and com
plementary effects on yields and yield stability 
of various levels of fertilization, soil and water 
management, and crop varieties. These are 
termed "steps in improved technology" 
experiments, 

The watershed-based research of the FSRP 

has aimed at development of soil- and water-
management technologies that make use of the 

naturaldrainageunit. Inthis, we have examined 
the differential effects of various sized water-
sheds, with particular emphasis on the scope 
for group action among farmers (Doherty and 
Jodha 1977). Are there benefits to be gained by 
individual farmers from adoption of parts of the 
complete watershed-management technology, 
such as the broadbed-, 'd-furrow method of 
cultivation? Or will several farmers with con-

5. There is increasing evidence that the national and, 
international community is recognizing the key 
role of agriculture and its associated infrastructure 
in the economic growth of less developed coun-
tries. For example, after the Sahelian drought of 
the early 1970s, substantial funds were made 
available to the Sahelian countries to develop their 
agricultural sectors. 

tiguous land parcels on a watershed have to 
agree to manage their parcels jointly in order to 
reap significant gains? 6 In addition to being 
examined on research stations at ICRISAT and 
in cooperating national programs, these issues 
are being taken to carefully selected villages in 
the SAT. It is only at the village and farm levels 
that such questions can be satisfactorily 
answered, through cooperative experiments 
with farmers, national program scientists, and 
ICRISAT scientists working together to identify 
the viable elements of prospective technologies 
and to learn from each other. (See Binswanger 
and Ryan, this symposium.) 

In the crop improvement program of 
ICRISAT, the advanced cultivars and lines are 
being selected under high and low levels of 
fertility and management. Before elite lines are 
released to national programs, they are tested 
to ensure that they are not only superior to 
existing cultivars at the higher fertility man
agement levels, but also that they are clearly 
superior at very low levels. 

Risk 

The SAT environment is a risky one. The risks 
derive from various sources. Weather is often 
thought of as the most significant factor 
influencing the riskiness of farming in the SAT; 
however, weed, pest, and disease inci

dence-along with fluctuations in market 

prices-are among some of the other major 
contributors. Studies conducted by Barah at 
ICRISAT and reported in Binswanger et al. 

(1979) have shown that in the regions of SAT 
India where there is little irrigation and low 
average rainfall, the largest component of over
all risk is crop-yield variability rather than price 
variability.7 In the higher rainfall regions and/or 
those with a substantial proportion of irrigated 
land, thecontributionofpriceriskishigherthan 
that of yield risk. 

Ryan (1974) calculated the coefficient of 

variation (CV) of yield for the two major SAT 

6. 	 In India there are almost five parcels of spatially 
separated land comprising the average holding 
(Ryan 1974). 

7. 	Riskwasmeasuredasthevarianceofgrossreturns 
over time from the cropping patterns of the dis
tricts comprising each region. 
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cereals as follows: 

Coefficient of variation 
of yields (%) 

SAT region Sorghum Millets 

India 9.4 22.2 
Other Asia 9.8 14.1 
Africa south 


of Sahara 11.5 
 14.9 
South and Central 


America 17.0 
 12.4 
Near East and 


North west Africa 2.3 11.6 


Average SAT 11.7 14.4 

Generally the CV of annual rainfall in the SAT 
regions rises as the average annual rainfall 
decreases; that is,those regions where rainfall 
Isgenerally lowest are also those where fluctua-
tions in annual rainfall are larger. This is
reflected in the above table, where the vari-
abilities in millet yields aregreater than those in
sorghum. Millets are primarily grown in the
regions where rainfall is lower and more highly
variable. In eastern Rajasthan, India, for ex-
ample, where millets are mainly grown, the
probability of a drought of moderate or worse
severity is almost one in three. Inthe sorghum-
growing areas such as Andhra Pradesh,
Madhya Pradesh, Karnataka, and Maharashtra,
the probabilities are less than one in four (Ryan
1974). 

Research at ICRISAT explicitly recognizes the 
nature and significance of risk facing farmers ofthe SAT. In the Farming Systems Research 
Program, much of the research ispredicated on
thenotionthatwateristhemostlimitingnatural 
factor in SAT crop production. Research in soil 
and water management, agroclimatology, en-
vironmental physics, and cropping systems is
aimed at making more effective and economic 
use of rainfall, soil moisture, runoff, and 
groundwater for increasing and stabilizing 
crop production. In crop improvement, ento-
mologists, pathologists, physiologists, and 
microbiologists are working with plant breed-
ers to develop cultivars resistant or tolerant to
such "yield reducers" as insects, pests, patho-
gens, drought, and soil nutrient deficiencies, 

Success in these programs would mean less 
risk of crop failures. 

The field-scale research in development of 
improved soil, water, crop, and implement
management technologies at ICRISAT Is care
fully monitored by the agronomists, engineers,
economists, and anthropologists in a multi
disciplinary team approach extending beyond
the research station into the villages. Not only is
the technical, economic, and social viability of
prospective technologies analyzed, but their 
effects on risk are also gauged. For example,
such analyses have con,..med that intercrop
ping is not only more profitable than double 
cropping but also less risky (Ryan et al. 1979).

Economists have researched the extent and
determinants of risk in the SAT and of the
attitudes of farmers to these risks. In a studyof 330 ruralists in Andhra Pradesh and
Maharashtra, Binswange, )78) found all far. 
mers moderately risk averse when faced with 
choices of varying profits and risks. If this
reflects risk attitudes of SAT farmers in general,
it suggests that separate technologies with
different risk characteristics for small and large
farmers are not required. Farmers will invest in
technologies that have some risk, provided the
profits are attractive. The fact that small farmers
often may not have participated as much as 
large farmers in previous technological inno
vations may have been due more to unequal

access to infrastructural support facilities than
 
to any great aversion to taking risks. This

research therefore suggests that institutional
 
policies are required to give small farmers equal
 
access with large farmers to credit and modern
 
inputs.
 

Market Parameters and Preferences 

The two cereals of ICRISAT's mandate, sor
ghum and pearl millet, and to alesser extentthe 
two pulses, chickpea and pigeonpea, are what 
may be termed staple food in the SAT. As such 
we expect them to be faced with relatively small
priceand inconeelasticities of demand. That is 
to say, if their prices fall by 10%, we expect
consumerdemandtoincreasefarlessthanthat. 
If income increases by 10%, we expect con
sumption of these stapies increase onlyto 
marginally and possibly even to decrease. 

Very little precise information is available on
demand elasticities. What isavailable is at an 
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aggregative level, often not suitable for the type 
of policy analyses to be undertaken. 

The picture with respect to market infor-
mation on groundnut is similar to that of the 
four foodgrain staples, exceptthatthis is a com-
moditythat enters commercial market channels 
to a much greater extent. Raju (1976) estimated 
that in India around 60% of total groundnut pro-
duction reaches markets. The figure for sor-
ghum and millets is 15 to 20%; for chickpea and 
pigeonpea, 35 to 40%. With groundnuts, where 
national and international trade occurs in three 
components - hps (hand-picked selection) 
kernels, oil, and oilcake - the parameters of 
demand for the various countries are much 
more complex, but still are as necessary to 
know as are the parameters of staple foodgrain 
demand. 

If staple foodgrai. demand is as inelastic as 
expected, then technological change that shifts 
supply functions will generate substantial price 
declines. Hence, the market demand for them 
could place constraints on sustained increases 
in foodgrain supplies, as farmers subsequently 
react to their depressed relative prices. By how 
much will farmers' supply respond to changes 
in these prices? Again, we know very little about 
farmers' supply response to market price 
changes and to other variables for these four 
foodgrain staples and for groundnuts. ICRISAT 
has been undertaking research into these ques-
tions to help fill the void (Bapna 1976, von 
Oppen et al. 1979). With the aid of these market 
parameters, price and trade policy questions 
can be more adequately addressed by 
policymakers in SAT countries, especially those 
where supplies of these commodities become 
more abundant following technological ad-
vances. Policies designed to enhance technol-
ogy adoption and increase welfare can also be 
formulated with these more precisely estimated 
parameters. 

Consumer preferences for evident and cryptic 
quality characteristics in foodgrains are often 
well defined and are reflected in differential 
prices in the market (von Oppen 1978b, 1978c). 
Failure of researchers to develop new cuIivars 
with characteristics acceptable to cor,sumers 
can adversely affect adoption and; relative 
prices. Past experience with some of the new 
wheat and rice cultivars testifies to this. In SAT 
India, for sorghum and pearl millet, we need to 
consider factors such as seed size, color mix, 

swelling capacity in water, cooking time, 
chapati-making quality, and protein and calorie 
content. Forthe pulses, instead of chapati quali
ty, we need to consider dhal-making quali'ies. 
In the African SAT, other preparations such as 
cous-cous, beer, and gruel are considered for 
the two cereals. 

ICRISAT breeders, biochemists, and econ
omists are working together to determine 
more precisely what characteristics con.umers 
prefer, by how much, and whether there is 
genetic scope for breeders to manipulate these 
various attributes into viable grain types that 
lose none of the other important characteristics 
we are breeding for, such as high and stable 
yields (von Oppen and Jambunathan 1978). 

Human Nutrition 

One might say that the problems of inelastic 
demands and consumer preferences for the 
staple foodgrain crops of the SAT are concerns 
for ICRISAT in the short to medium teri- only. 
To an extent, this is true, as in the longer run 
population and income growth are projected by 
many agencies to place excessive stiains on 
food supplies, particularly in SAT countries. In 
the less developed countries, demand for 
coarse grains is expected to triple by the year 
2000. Some 60% will be for human consump
tion and the rest for animals (Kanwar and Ryan 
1976). Demand for coarse grains in all less 
developed countries is estimated to grow by 
3.23% per year in the future. In the decade from 
1964 to 1974, the SAT production of sorghum 
and millets together rose at a compound rate of 
only 2.11% per year, made up of 2.81% for 
sorghum and 1.24% for millets (Table 1). If this 
con'inues into the future, serious imbalances in 
st'pply and demand will occur in the less de
veloped countries of the SAT. Studies reviewed 
b/ Ryan (1978) suggest these cereal deficits 
could be between 17 and 37% by2000A.D. If not 
corrected by trade flows from developed coun
tries, which are projected to have a demand 
growth of only 2.14% per year with recent 
production trends of 3.48%, the nutritional wel
fare of some of the poorest people in the 
world-those of the SAT-will be severely 
reduced. This will be especially true in Africa, 
where cereal deficits are expected to be worse 
than in Asia. 

A more adverse long-run supply/demand 
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Table 1. 	 Aenual coupnd growth rates of 
five majorcrops In the Ies dsveloped 
countrles of the SAT during 1964-
74. 

Crop Area Yield Producton(%) (%) (%1 

Sorghum 0.71 2.08 2.81 
Millets a 0.04 1.20 1.24 
Chickpea -1.29 1.46 0.15 
Plgeonpea -0.08 0.83 0.75
Groundnut -0.40 0.02 -0.38 

a. Indudes pearl mllt (Pennlaetum amedcanurn), "well 1sth. minor mills such as Searles Panlcum., and 
Eleus/nes. 

Source: Ryan (1978). 

balance is projected for the pulses than for the 
cereals. Here the deficit in the less developed
countries is estimated to be around 50%. For 
oilseeds, it will be closer to 40%. India and 
Africa are likely to have equally large deficits of 
pulses and oilseeds. 

The long-run answer to alleviating these pro-
jected food deficits is increased crop yields. As 
Table 1and Figure 1 indicate, yields have been 
virtually stagnant for groundnuts and pigeon
peas in less developed countries of the SAT. 
They have been moderately better for chickpea,
millets, and sorghum. In view of the increasing 
pressure on arable land, particularly In SAT 
Asia, the long-run need is for land-augmenting 
and capital-saving technological change that
will have the effect of increasing yields per unit 
of land and capital. In SAT Africa and South 
America, where land constraints are not as 
immediately binding, emphasis should also be 
given to labor-augmenting technological inno
vations. 

Emphasis on technologies that increase food 
production per unit of the scarcest resources 
will also directly contribute to the alleviation of 
the major nutritional constraint in the SAT 
energy. Studies by Ryan, Yadav, and Sheldrake 
(reported in Ryan 1977) showed that calories, 
vitamin A, vitamin B complex, and selected 
minerals were the primary nutritional deficien-
cies in diets of the people in the SAT, even those 
with low incomes (proteins and amino acids 
were not found to be as deficient as was earlier 
believed). Breeding strategies that emphasize 
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Figure 1. Yield of five crops grown in less 
developed countries of the SA T 
from 1964 to 1974. (Figures in 
parentheses are t-values.) 

yield and yield stability offer the best prospects
for improving thrt nutritional well-being of the 
least nutritionally and economically affluent 
groups in the SAT. This is the primary strategy
of ICRISAT, and it finds more support from an 
analysis of the net nutritional impact of the new 
dwarf cultivars of wheat introduced into India in 
the mid-1960s. Ryan and Asokan (1977) found 
that, even allowing for the reductions in pulse 
production to which the new wheats contri
buted, the net production of energy, proteins,
and amino acids was substantially higher with 

63 



the new wheats than it would have been with-
out them. 

Increased yields and production of food-
grains have a direct impact on prices and real 
incomes of the least affluent groups, who spend 
a large amount of their incomes on these 
foodgrains. Increased real income will enable 
them to purchase additional foodgrains and 
improve their nutrition. If yield potentials of 
cereals, pulses, and oilseeds could all be in-
creased, nutritional improvements would fol-
low, as these crops have complementary nutri-
tional compositions. ICRISAT will continue to 
search for cultivars with better nutrient compos-
itions also, as long as this does not unaccepta-
bly affect the attainment of increased yield and 
yield stability, 

Efficiency and Equity Concerns 

As a whole, the SAT region is probably the 
poorest in the world, with an average gross 
domestic product of about $160/yr per capita 
(Ryan 1974). The fact that ICRISAT was es-
tablished to undertake research for the benefit 
of the SAT signifies that any productivity gains 
that might result from its efforts will directly 
benefit the poorest sector of humanity. The 
initial choice of the SAT region and its staple 
foodgrain and oilseed crops as the mandates of 
ICRISAT ensures that efficiency and equity con-
siderations at the macro-level are not in conflict, 
However, there are potential conflicts between 
efficiency and equity concerns as we move to 
the regional, village, and farm levels within the 
SAT. 

The first of these relates to the allocation of 
research resources amongst regions and coun-
tries within the SAT, and also among the vari-
ous research programs. Research resources 
should be allocated to achieve maximum pro-
ductivity gains consistent with interests of the 
various potential beneficiaries. This is not an 
easy task in an ex ante framework (Binswanger 
and Ryan 1977). It is one where techniques such 
as Boyce and Evenson's (1975) congruence 
technique can be helpful, as indeed it has been 
at ICRISAT (Ryan 1978). 

A second concern is the effect of the unequal 
distribution of land on the allocation of research 
resources. Biological innovations are usually 
divisible and hence scale-neutral. Scale 
economies generally arise with mechanical in-

novations. A strategy favoring small farmers 
should thus discourage research resource allo
cation to techniques requiring large-scale or 
expensive machines. In this context, little 
conflict between efficiency and equity should 
arise, since most mechanical innovations are 
labor-saving and unlikely to result in large 
efficiency gains in low-wage countries. This has 
guided ICRISAT in its strategies regarding trac
tors, as mentioned earlier. 

There is evidence that large and small far
mers in SAT India do not fit uniformly into two 
distinct factor endowment ratio groups. Al
though Ryan and Rathore (1978) found sig
nificant differences in mean levels of factor 
endowment ratios, thcse differences were re
duced when factor use ratios were considered. 
The operation of factor markets in the villages 
was such as to tend to equalize factor use ratios, 
although not completely. Even more relevant 
was the fact that variability of factor ratios 
within farm size groups was so large that it was 
impossible to delineate small from large farms. 
It would seem from this that at th. micro-level, 
the type of technology relevant for large far
mers will not be basically dAfferent from that for 
small farmers in factor saving/using charac
teristics. There need not necessarily be a search 
for substantially different technologies for 
small and large farmers. Improving factor mar
ket access and providing for technology options 
should be all that is required, as was mentioned 
earlier in this paper. 

There may be research activities that might 
favor particular socioeconomic groups and 
that can be identified after careful study of 
farming systems at the village level. For ex
ample, Jodha (1977) found from ICRISAT's 
Village-Level Studies that the practices of inter
cropping and rainy-season fallowing/ 
postrainy-season cropping of deeper Vertisols 
were more prevalent on the smaller farms in 
SAT peninsular India. This suggests that suc
cessful research on new intercropping 
technologies and on technologies that allow a 
rainy season crop to be grown on deeper 
Vertisols will not only have large productivity 
effects but will also be of relatively large benefit 
to smaller farmers. These two problems are 
receiving major attention in ICRISAT's Farming 
Systems Research Program. 

IntheAsian SAT, there isa large population of 
landless agricultural laborers. There are signs 
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in some of the more densely populated African 
SAT countries, such as Nigeria, of an emerging
landless labor class. In designing agricultural 
technology, the interests of this group must not 
be forgotten. Labor-using technology will al-
ways be in the interests of landless labor; 
labor-saving technology will not, as 
Binswanger and Shetty (1977) point out is the 
case with herbicide technology8 

Hired females are a major =-ource of labor in 
SAT agriculture, especially in India. They are 
generally the most disadvantaged in terms; of 
wage rates and employment probabilities. This 
seems especially true for those fror.m ':e land-
less households (Ryan and Ghodake 1979). For 
this reason, and because of the negative effect 
of work participation on female fertility, their 
role must be explicitly considered in the design 
ofnewtechnology. ICRISAThas recognized this 
from the outset. 

Conchumions 

The SAT being the poorest region in the world, 
ICRISAT is committed to strategiesthat will help
alleviate constraints on its food production and 
development. Indeed, it seems clear that the 
major factor involved in enhancing SAT de-
velopment is improving the productivity and 
stability of food production, thereby allowing
the release of necessary resources for other 
developmental a-ivities. The source of much of 
these gains will be agricultural research, t.' 
which national and international programs in 
the SAT and other countries are contributing, 
frequently in cooperation. 

In attempting to make these contributions, it 
is our contention that socioeconomic. factors or 
constraints must be explicitly considered. This 
is true both in the ex ante framework of research 
resource allocation questions and when 
technology is being "marketed." This is a con
tinuing process requiring close collaboration 
among scientists of many disciplines. New 
socioeconomic constraints arise almost 
weekly; research institutions must be able to 

8. As the landless also are at the low end of the 
income spectrum, ICRISAT's researe .:-. "ha 
staple foodgrains will further benefit t'?,e landless 
vA, reduced relative prices of these major items in 
their consumer budgets. 

evaluate the likely effect of these on agriculture 
and design appropriate strategic responses.

A good example of this was the substantial oil 
and fertilizer price rise in the early 1970s. Many 
inferred that the oil price rise caused the fer
tilizer price rise; therefore, as oil prices were 
likely to rise further in future, new cultivars that 
could yield well with zero fertilizers should be 
the major focus of plant breeders. The answer 
was not as simple as that. Fertilizer prices are 
indeed affected by oil prices, but not propor
tionately; oil is a small component of fertilizer 
costs. Fertilizer prices are now almost at their 
lowest ebb (in real terms), whereas oil prices are 
at their highest -a complete reversal of the 
implied relationship after the early 1970s oil 
crisisl Other factors, such as fertilizer plant
capacity, growth, and demand, are more impor
tant in determining fertilizer prices. The prob
lem of how to respond to the likely future 
fertilizer situation still confronts research insti
tutes such as ICRISAT. It involves questions 
such as the likelihood of future relative price
changes, the scope for developing fertilizer
saving technologies, and their gestation 
periods. Scientists of many disciplines are re
quired to sit down and assess these types of 
issues together. The stakes are high. 

The SAT farmers may be poor in resources 
but are certainly economically rational agents
willing to take some risk on attractive rewards. 

Given appropriate incentives from superior 
technologies and appropriate economic poli
cies, farmers can be expected to innovate in 
their production and marketing practices. If we 
better understand their aspirations and the 
constraints under which they operate, technol
ogy design and economic policies are more 
likely to fit their needs. 
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Summary of Discussion - 3ession 2
 

Dr. Govindaswamy asked what the incentives 
are for farmers to adopt innovations. Dr. Ryan
replied that the availability of technological 
options would be one ofthe primary incentives,
Sometimes these must be accompanied by
institutional incentives, such as the provision of 
infrastructuresupport, to enableeffective use of 
the technology. Thus, technology and institu-
tional policy would provide the major in-
centives for innovation. 

Dr. 	Daulat Singh asked how one deals with 
social and economic stratification in providing
incentives for the farmer who has no surplus 
produce to market. Dr. Ryan said that this was in 
the realm of governmental policy and thus 
outside the proper scope of ICRISAT research. 
However, ICRISAT is aware of and sensitive to 
the implications of these socioeconomic 
realities. Operationally, the Institute addresses 
the issue by developing technological options
rather than a single package of practices that 
might be at variance with the resources availa-
bletofarmersin this stratum. But it must alsobe 
recognized that there is a limit to how much 
technological change can do to redress social 
biases, 

Dr. Cummings observed that although solv-
ing some of these problems was outside the 
realm of research in an international institute, 
identifying the problems might well be within 
its scope. 

Dr. Ryan was asked what strategy ICRISAT 
was adopting to cover or reduce risk in SAT 
farming. He said the strategy is definitely di-
rected at the risk question and cited four in-
stances: 

1. 	As the papers on crop improvement indi-
cated, research is aimed at alleviating the 
adverse effects of diseases, pests, 
drought, and other yield reducers on the 
main SAT crops. This will automatically 
increase yields. This strategy of attacking 
the yield reducers will probably be a major 
contribution to reducing or diffusing risks 
of farming in the semi-arid tropics. 

2. The performance of new technology-
whether involved in crop improvement or 
farming systems - is assessed not only in 

PrEh' . 1 

terms of the average rate of profitability 
but also of the variability of those profits
and the probability with which they can be 
achieved. 

3. It is important to understand the farmer's 
attitudes towards risk. Thus ICRISAT is 
studying the attitudes of SAT Indian far
mers to different options that generate 
different types of risks and payoffs. 
Though this needs further study, the 
findings thus far indicate that it may not be 
necessary to develop one type of technol
ogy (in terms of risk) for the small farmer 
and another for the large farmer. 

4. 	 ICRISAT is studying the institutional or 
policy mechanisms - crop insurance, for 
example - that also help diffuse risk. Dr. 
Cummings added that the institutional fac
tors to be considered would include price 
support and price stabilization policies, 
storage facilities, and availability of mar
kets and of input supplies. 

The three papers on crop improvement iden
tified a number of the risks - such as diseases, 
pests, parasites, weeds, and the technology for 
overcoming these. One of the major risks is the 
uncertainty of moisture supply. Intercropping, 
intercepting water, and improving infiltration to 
get through dry periods more effectively are 
technological means of overcoming at least 
some of the risks involved. If these risks and the
 
extent to which technology can reduce them
 
can be identified and quantified, this might give

the farmer a better chance to make choices.
 

Dr. Kampen was asked whether it would be
 
possible for a research program such 
 as 
ICRISAT's to indicate the kinds and magnitude 
of assistance that might be given to rainfed 
agriculture in comparison with the subsidies 
and assistance given to irrigated agriculture. 

He said that, while it was not the task of 
ICRISAT to develop any prescriptions in this 
regard, it could indicate what the alternatives 
are. Today traditional large-scale irrigation pro
jects are implemented at costs ranging from 
Rs. 15 000 to Rs. 30 000 (S1875 to S3750)iha in 
the developing world. Region-specific and 
location-specific research that closelyexamines 
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howto make the best use of available resources 
could lead to substantially decreased risk and 
increased security at a fraction of the cost of 
large-scale irrigation, 

Dr. Cummings commented that governments 
invest large sums in drought relief and public 
works in times of stress. If quantitative 
parameters could be worked out around the 
costs and benefits of some of these programs, 
governments might have better guidelines for 
making investment decisions. 

It was suggested that construction of large 
reservoirs continue to be needed as they serve 
many other purposes -electricity generation, 
flood control, etc. - besides irrigation. How-
ever, small farm ponds have been used over the 
ages to store excess rainwater in South India 
and this practice could be extended to other 
SAT regions. The government could undertake 
to desilt existing tanks and expand them, on a 
watershed basis. Relative costs of such opera-
tions should be worked out. 

Dr. Ryan was asked to what extent ICRISAT 
programs -herbicide research or nutritional 
studies, for instance-are assessed before 
they are undertaken, for the possible or proba-
ble benefits that would accrue to the target 
group. 

He stated that economists at ICRISAT are 
encouraged to look closely at the value and 
desirability of programs from this perspective. 
Herbicide tesearcn in the Indian context, for 
instance, is unlikely to form a desirable compo
nent of improved farming systems unless her
bicides can give substantial yield advantages 
over conventional weed control methods. Her
bicide use might displace large numbers of 
female hired laborers, the most disadvantaged 
group in SAT India. In the SAT African context, 
the picture is quite different, because labor 
constraints loom large there; any herbicide 
research, therefore, must focus on SAT Africa. 

Regarding nutritional priorities in the breed
ing program, nutritional status and needs in the 
SAT have been closely examined; this has 
generated much basic research on questions of 
protein and lysine content, for instance. Scien
tists are always on the lookout for a something
for-nothing in this area, but other priorities will 
not be sacrificed for this. 

Dr. Patil observed that the development of 
weed-resistant varieties would be a welcome 
aid to small and marginal farmers, who work for 

wages on large farms and are seldom able to 
attend closely to their own crops during the 
critical first 30 or 40 days when weed competi
tion is strongest. 

In answer to a question on the interaction 
between desirable rates of fertilization and 
water management and water supply, Dr. 
Kampen stated that this was extremely impor
tant in terms of model development aimed at 
extrapolating results. Substantially improved 
water conservation and water use would go 
hand in hand with increased use of other inputs, 
including fertilizer. Dr. Cummings added that 
while this had been an important philosophic 
consideration in planning the research pro
gram, quantitative evaluation has not yet taken 
a prominent place in the program. 

Dr. BIimenschein asked whether, in terms of 
technology transfer, ICRISAT built up a farming 
system from its components or attempted to 
transfer the entire system. Dr. Kampen stated 
that ICRISAT's objective was to identify viable 
systems and critical components in these 
systems, at different levels of sophistication. 
Dr. Ryan added that hardly any farmer would 
adopt the entire package at one time. Depend
ing on managerial capabilities, he might adopt 
one component or another; however, he might 
take the package sequentially. 
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Abstact 

Agrotechnology transfer among comntries or between regions within countries has 
constraints and problems additional to those associated with the diffusion of innova
tions. Site-factor constraints, the appropriateness of the transferred technology, social,
economic, and institutional constraints must all be recognized and conceptualized.

Seedcentered technology has the fewest constraints and has been a major means for 
agrotechnology transfer. New soil management or cropping systems technology is 
more difficult to transfer. Stratification ofthe environment either through soil or climate 
classification is an essential element. 

A national capacity for agricultural research is also essential. The international
agricultural research centers assist in the research needed for transferand in the creation 
of awareness of," existence of technology and its acceptance. 

Over the last 7 years on the research farm at 
ICRISAT, Dr. Bert Krantz (now retired) and his 
colleagues in the ICRISAT Farming Systems
Research Program developed a newtechnology 
that could enable rainy-season use of the deep
black Vertisols of the semi-arid tropics. We 
estimate that 15 million hectares of these soils 
lie fallow at the time of the year when water is 
most available - in the rainy season - for 
want of a technology suited to the needs of the 
generally poorly endowed farmers who live in 
these areas. Dr. Krantz and his colleagues at 
ICRISAT chose a small number of alternative 
combinations incorporating all the many com-
ponents required for testing in complete water-
sheds at a near-operational scale, on the re-
search farm of ICRISAT. Their choices r.oved to 
be wise and effective, and over the last 7 years,
making minor modifications as they went 
along, they have developed a technology that 
we believe is scientifically sound and oper-
ationally feasible. It offers a hope for sub-
stantially increased food production from these 
soils and substantially improved incomes and 
standards of living for the small farmers and 
their families, 

The technology is complex and complete, 
involving many factors and many new prac-

Director General of ICRISAT. 

tices; however, as scientists have shown, it can 
be adopted piecemeal, although none of t'.. 
pieces bring the advantages that the entire 
technology does. How, now, do we transfer this 
agricultural technology? 

There are many examples that can be, iven, 
such as the one cited, of biological and physical
research in agriculture that is specific to the 
location in which it was conducted. Its value in 
other areas can only be proven by adaptive
research that may take as long to complete as 
the initial research did. Many people concerned 
to help the farmer or busy with development 
projects decry this fact. But little effort has ieen 
made in the past to overcome it. The action 
people are eager to proceed and the re
searchers cautious to recommend. 

Let me give you another example in farming 
systems technology. The soils on the central 
plateaus of West Africa are typically of low 
fertility, highly erodible, and shallow. Vertisols, 
inherently more fertile and deeper, occur in the 
river valleys. Because of the danger of river 
blindness, there are few people in the valleys
and many people on the poorer soils of the 
plateaus. Money is being spent to bring river 
blindness under control and resettle the people 
from the plateaus, and the action agencies 
involved have recommended that ICRISAT test 
its new technology in pilot projects on the 
Vertisols in the va!leys. Recently a panel of 
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scientists with considerable knowledge of con-
ditions in Africa came to ICRISAT to review our 
programs. They looked at our farming systems 
research and, after careful consideration, re-
commended that ICRISATshould conduct more 
research in African conditions before making 
recommendations there for development pro-
jects. This is the quandary. The panel is un-
doubtedly correct in saying that ICRISAr must 
help with farming systems research in Africa, 
and the development agencies are undoubtedly 
correct in pointing out that people need help. 

I believe that the solution to this problem lies 
in the development of concepts and methods of 
agrotechnology transfer tat will allow us to 
determine, with reasonable accuracy and for 
practical purposes, where new research 
findings can be implemented in pilot-scale do-
monstrations and where they cannot. In relation 
totheexamplelhavegiven, l am sure that there 
are locations in Africa that could benefit from 
the immediate implementation of pilot projects 
utilizing the farming systems technology de-
veloped for the deep Vertisols at ICRISAT. 

I must make it clear that the emphasis in this 
paper is on transfer of technology among 
countries or between regions within countries. I 
will make passing reference to the acceptance 
of new ideas and technologies by farmers, but 
this is essentially anoth'er subject, closely inter-
related and certainly of great importance and 
interest, but outside my purpose. 

A second point of clarificatiur is to emphasize 
that this paper limits itself to considerations of 
tropical environments. Although concepts 
should apply generally, we know full well that 
there are serious limitations to the transfer of 
agricultural technology betweer temperate and 
tropical environments, and I will not address 
them. There are enough problems and con-
straints within the tropics. 

Technology with Low 
Site-Factor Constraints 

The problems involved in transferring tech-
nology are different for technologies that are 
highly site-specific and those that are not. Seed 
isan example of technology with low site-factor 
constraints. The value of the international ag-
ticultural research centers so far has been 
mainly in the transfer of technology thro " 

seed. 

Seed is easily transported - with due al
lowance for quarantine - and purchase prices 
are comparatively low. The widespread adcp
tion of improved varieties and hybrids through
out the world is clear evidence that saed is an 
effective vehicle for agrotechnology transfer. 
But there are difficulties that cannot be over
looked. 

Environmental Differences 

Within the tropics, there are differences in soils 
and climates. The more similar the environ
ments, including the spectrum of diseases and 
pests, the more likely that successful cultivars 
can be selected for local use from introductions. 
In other localities, introductions may contribute 
nothing of immediate value. 

In areas where local farmers' varieties are 
widely grown, usually with minimum inputs, 
there is often a balance between the crop and its 
diseases and pests. The balance is precarious. 
The introduction of new varieties or hybrids 
may disturb the balance, with disastrous effects 
upon production. Cultivars with single-gene 
resistance to disease are examples. 

In response to these problems, the interna
tional agricultural research centers have av
oided narrowly adapted hybrids; they seek out 
cultivars with wide adaptability, and stability, 
insensitive to photoperiod and with polygenetic 
resistance to diseases and pests. 

Limitations of Plant Breeding 

The number of characteristics considered de
sirable in a plant and its seed exceeds the 
number of criteria a plant breeder can handle in 
his research And different crops have different 
linkages between characteristics and different 
degrees of difficulty in breeding. For many tree 
crops, for example, local selection for a few 

major criteria and asexual propagation of 

selected cultivars are the only techniques pos
sible, and transferability is very limited. Even 
where large population breeding programs 
with cross-pollinated crops are possible, the 
number of criteria incorporable &re limited, and 

compromises must be made by the breeder. 
Every compromise limits the transferability of 

the resulting seed. 
Particularly difficult to match are the criteria 

for consumer preference, especially for staple 
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cereals and particularly where improved cul-
tivars are required to replace traditional va-
rieties. Not only are these criteria difficult to 
measure, they are also variable over short 
distances. Much seed is needed in tests for 
acceptability, and the tests can be carried out 
or,;y after harvest. While these problems limit 
the ability to breed for quality, they do not
reduce the necessity of doing so. 

Surprising as it may seem, there are still 
examples of substantial resources being spent 
on breeding for the wrong criteria. Intern3tional 
cooperative networks may be particularly sus
ceptible to this problem. Breeders' or planningagencies' preferences are substituted for 
farmers' needs or consumers' preferences,
farmer'needg for onsmetriy preferenu-Breeding for the wrong maturity or for nutri-
tional criteria or for high levels of management 
are examples. In each case the value of the seed 
is lowered to the extent that it attempts to 

Transfer of Unfinished Technology 

The clients of the international agricultural re-
search centers are the scientists of the nations 
ofthe developing world. It is their responsibility 
to produce the agricultural technologies and 
new cultivars for their nations. The centers' 
roles are to undertake research that contributes 
to that goal. The stronger the national researchprograms, the less need there is for direct 

transfer of technology. Such national programs 
can best use unfinished technology and scien
tific knowledge.

For seed-centered technology, the centers 
must aim at increasing the genetic diversity
available to national scientists, provide early-
generation breeding materia!, and develop in-
furmation about the most efficient breeding
methodologies for diferent purposes in the 
various commodities. They must emphasize
breeding for broad adaptability to ensure that 
site-factor constraints remain low. 

The International Federation for Agricultural
Research and Development (IFARD), an organi-
zation of national administrators of agricultural
research programs in developing countries, has 
recommended that in the long run the interna-
tional agricultural research centers should con-
centrate in their crop improvement work upon
thetransferofunfinishedtechnologyandscien-
tific principles, that is: 

0 the collectior,and maintenance of genetic 
resources 

0 the production of advanced breeding 
material 

0 basic research on the mandate crops 
0 the organization of symposia 
0 the dissemination of information 

Technologies with High

Site-Factor Constraints
 

Farming systems Involving new soil-man

agement practices are examples of technolog ies with~high site-factor constraints. A 
soil is part of the landscape. Unlike a seed, Itcannot bd moved physically from placeto place.Soils are variable and tropical soils are more 
variable than temperate soils (Moorman 1972).
Transference of such technology must take into 
account the differences !n environmental andsocioeconomic conditions. Local efforts in 

adaptive research will always be needed, butthese can be significantly reduced if the en

vironmental differences between the experi
mental location and thetr,-insfer location are not 
too marked. 

Concepts of Transfer 
Nix (1968) has suggested that there are three 
different, but not mutually exclusive, approaches to predicting the success of the transfer of site-specific agricultural tecfrology.
 

Analogue Transfer 

Areas analogous to the experimental site are 
identified by soil and/or climatic classification. 
The attempt is to stratify the environment 
sufficiently precisely to ensure successful tranc
ter. Three papbis in this symposium, by Nix,
Virmani, and Gill, will deal in detail with this 
approach. To my knowledge, however, only
analogue methods using soilclassification have 
been experimentally tested. 

The Benchmark Soils Project of the Univer
sities of Hawaii and Puerto Rico in cooperation
with USAID (Swindale 1978, Gill, this sym
posium) provides a successful approach to the 
transfer of agricultural technology wi!h high
site-factor constraints. It combines use of the 
new Soil Taxonomy with the methods of soil 
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survey interpretations, the benchmark soils 
concept, and a systematic, sequential approach 
to agronomic research. 

Site-factor Methods 

Site-factor methods seek to relate key parame
ters to biological productivity within a giver. 
environment (Nix 1968). The most widely used 
method for this purpose is multiple linear re-
gression. An example of such methods is the 
work of Vows et al. (1970), who used a regression 
equation involving variables of N, P, and K 
levels applied and occurring naturally in the 
soils; soil pH; previous soil use; and an index of 
soil type and erodibility to explain and predict 
maize yields in a large area of western Iowa. 
Earlier, Laird and Cady (1969) had produced 
regression equations relating soils, soil man-
agement, and fertilizer applications to maize 
yields in Mexico. More recently, Heady (1974) 
has produced equations for cotton and corn 
production under irrigation in the western 
United States and Culot (1974) for wheat pro-
duction in Chile. In these examples and others 
in the literature, site-factor variables are in-
cluded in the regression equations, thereby 
allowing them to be applied over a wide area. 
To use these methods, experiments are neces-
sary in a range of site and environmental 
conditions to ensure that the final equations 
have validity over the full range of sites. 

Simulation 

Simulation models attempt to develop, com-
bine, and utilize the physical laws that govern 
biological processes, and inherently they 
should be the most efficient methods for over-
coming high site-factor constraints. However, 
the incompleteness of scientific knowledge and 
the complexity of the models are barriers to 
their use, and there are few examples of their 
successful application outside the immediate 
environments in which they were developed. 

The dynamic grain sorghum growth model 
developed by Arkin et al. (1976) has been used 
successfully at Manhattan, Kansas, USA, in a 
temperate semi-arid climate and is now being 
tested in the semi-arid tropics at ICRISAT by the 
agroclimatology research group. Some in-
teresting early results suggest that optimum 
yields of short-duration sorghtm may be 

obtained in soils with 150-mm water-holding 
capacity, and optimum yields of long-duration 
sorghum may be obtained in soils with 200-mm 
water-holding capacity. The tests indicate that 
adaptive research on the model is necessary. 

Transfer of Concepts and Methods 

The work of any research center is necessarily 
confined to a small number of specific Io
cations. The highly site-specific technology it 
develops is not transferable to any signifircant 
extent. The center must concentrate insteaid on 
extracting concepts or principles from this type 
of technology, and explaining and refining the 
methods used to develop and monitor the 
effects. This is more easily said than done. 
Research to elucidate principles and cause
and-effect relationships requires good under
standing of theory, careful design of experi
ments, and the use of the scientific method. 
Furthermore, where indigenous research in
stitutions are not strong, the principles and 
methods may need to be applied by the center 
to one or two locations in cooperation with 
national scientists to overcome the complexity 
barriers between scientific knowledge and the 
technologies that can be developed from it. 

Intercropping research hao high site-factor 
constraints. ICRISAT's intercropping program 
has concentrated on concept and method de
velopment while at the same time it is succeed
ing in developing new information usable in 
adjacent farming systems (Willey 1979, Natara
jan and Willey 1979). The crop combinations 
possible in intercropping are numerous, and 
the number of experiments that can be devised 
are more numerous still. Careful consideration 
of the objectives of intercropping, the minimum 
number of crop combinations necessary to 
investigate, the measurements to be used to 
determineadvanceandthemeasurementsand 
experiments needed to understand what physi
cal, chemical, and biological phenomena are 
involved, provide a conceptual and meth
odological framework that is transferable. 

The Need for On-site Testing 

At present, the transfer of technology with high 
site-factor constraints can best be made by 
analogue methods using soil and climatic. 
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criteria, both from the point of view of precision 
and of distance. 

Regardless of the methods used for transfer-
ring technology, and regardless of the mag-
nitude of site-factor constraints, new agri-
cultural technology must be subjected to on-
site testing. Differences in relative endow-
ments, environments, cultures, and institutions 
ensure that no two regions, indeed no two 
farms, are alike. 

Testing technology with few components is 
not difficult using conventional field plot 
techniques, but several years of testing are 
necessary. More complex technology will take 
longer to test and will require operational-scale 
research and even pilot-scale testing before 
successful adoption. 

Appropriate Technology 

The need to develop technologies appropriate 
to conditions in developing countries is the 
subject of much controversy. Inappropriate 
technologies, it is said, lead to unemployment, 
the waste of scarce resources, destruction of the 
environment and the disturbance of socio-
cultural equiibria. The other side of the debate 
claims that emphasis on appropriate 
technologies will retard development, per-
petuate poverty, and shore up degenerate cul-
tures. For the international agricultural research 
centers, there is the additional problem of 
determining whether the technology must be 
appropriate to client groups of scientists or 
target groups of farmers and consumers, 

Induced Innovations 

The theory that technical innovations are partly 
or largely induced by prevailing economic con-
ditions was first explored in agriculture by 
Hayami and Ruttan (1971). According to this 
theory, the needs of farmers stimulate lagging 
technical changes, including those produced by 
research in public-sponsored institutions. Re
searchers respond to information on farm 
profitability, pressure from farmer organi-
zations and agricultural supply firms, and the 
incentives-for professional recognition to de-
velop technologies appropriate to needs. 

In developing countries, research may be 
necessary to collect this type of information. For 

the last 4 vc,rs, ICRISAT has been carrying out a 
series of studies in villages at six locations in 
semi-arid India for such a purpose (Binswanger 
and Ryan, this symposium). The results have 
had profound influences on the direction of 
ICRISAT's research and the nature of technol
ogy that has been devised. The ecological/ 
environmental area defined by these villages 
will determine the boundaries within which the 
biological and physical technologies developed 
are appropriate. Similar information must be 
collected elsewhere in India, from Africa, and 
Latin America, or research must be done to 
obtain it if it is not yet available. 

Perceived Risk 

Agriculture is a risky business. Farmers under
invest if the risks of crop loss or catastrophe are, 
or seem, too high (Binswanger et al. 1979). We 
need, therefore, an accurate ide3 of farmers' 
attitudes to risk in different areas, and the 
riskiness of different technologies. Risk aver
sion is associated with climatic variation, prices 
and factor costs, sociocultural conditions, and 
government famine-prevention policies. The 
results achieved so far in the study mentioned 
above are that (a) levels of income risk in the 
Indian SATarehigh andarerelnted moretoloss 
of yield than to loss of price, (b) virtually all 
farmers are moderately or slightly risk averse, 
and (c) they do not have access to cheap 
self-insurance or effective risk diffusion 
techniques. 

In view of these results, it is appropriate in 
seed-centered research to emphasize yields as 
high as are consistent with yield stability. In 
resource-centered research, it is appropriate to 
discount adverse biological events with rela
tively low probabilities of occurrence - say 
1 year in 10 or less- and to give research 
priorities to farming systems that farmers use 
naturally to diffuse risk, such as intercropping, 
postrainy-season production, and the provision 
of life-saving water where necessary. 

Inapplicable or Inappropriate 
Technology 

Appropriate technology may prove inappro
priate if the information gathered about far
mers' needs and resource endowments is in
applicable or inaccurate. A case in point is the 
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use of bullocks versus tractors in farming sys-
tems technology. We are proud of our bullock-
powered technology at ICRISAT. To many visi-
tors, it is proof of the relevance and applied 
nature of ICRISAT research. But to some, it is 
inapplicable to the socioeconomic conditions in 
which they are working; tractor power may be 
for them the appropriate answer, and the im-
portant question becomes what size of tractor 
to use. It is necessary for our researchers to 
concentrate not on the bullocks themselves, but 
on the power requirements and efficiencies of 
various cultural operations. The choice of 
power source is thus released from the tech-
nology to be transferred. 

Even in semi-arid India, the information on 
bullocks versus tractors may be inaccurate. Our 
research gives us many of the reasons why 
farmers decide the way they do, but not all the 
reasons and perhaps not the significant 
reasons. If that is so, our technology based on 
bullocks may yet prove to be inappropriate, 

What is essential and possible in agriculture 
to partly offset the problems of appropriate or 
inappropriate technology is to provide a range 
of technological options, for example, ,number 
of alternative cropping patterns for use within a 
single overall farming system. There is some 
evidence to suggest that in developing-country 
agriculture, there is a range of potentially 
economic input choices for important types of 
output (Hayami and Ruttan 1971). Furthermore, 
the process of decision-making oh small family 
farms is not well "nderstood, and it is surely 
wrong to assume that maximization of profits in 
the customary sense is the main objective on 
subsistence farms in which most of the labor is 
supplied from within the family. 

Socioeconomic 
and Institutional Issues 

There are institutional and social issues and 
costs involved ir the transfer of technology, as 
there are in the diffusion of innovations. The 
issues are often the same and many are covered 
in the copious literature on innovation diffusion 
(see, for example, Beal and Bohlen 1957, Rogers 
1962). There are, however, some unique issues 
involved. The largest of these is national plan-
ning for development. Centralized planning 
and the issuance of regular multi-year plans 

are normal procedures in most developing 
countries. Much of the planning deals with ag
riculture, becau;je in these countries about 65% 
ofth, ._-olePredirectlyinvolvedwithagricul
tura' pro,; "¢4c.National planning objectives 
include (EckhaL . 1977): 

1. 	Maxirizint. of net national output and 
income 

2. 	 Maximizing of availability of consumer 
goods 

3. 	 Maximizing of the rate of economic 
growth 

4. 	 Reduction of unemployment 
5. 	 Redistribution of income and wealth 
6. 	 Regional development 
7. 	 Balance of payments relief 
8. 	 Promotion of political development and 

national political goals 
9. 	 Improvement in the quality of life 

10. Self-reliance 
The mix of these objectives will influence the 

transfer of agricultural technology, particularly 
from other lands, and transferred technology 
will induce changes in the mix of objectives. 

Socioeconomic Constraints 

Ryan and Binswanger at this symposium have 
discussed the socioeconomic constraints to the 
transfer of technology. Population increase and 
its attendant effects on the allocation of re
sources, factor endowments and use, and dif
ferences in market parameters are described as 
major issues. Information about these con
straints is used at ICRISAT in the design of 
technology appropriate for transfer. 

Transfer of technology is not without its 

costs. There are the costs of adaptive research 
and the costs of inadequate understanding or 
appreciation of the limitations of conditions. 
New technology may cause equipment to 
become obsolete before the end of its useful 
life. 

The input requirements of one technology are 
usually different from those ofanother. This can 
be a major constraint in the adoption of 
technology. Much of the recent literature on the 
economics ot technology transfer (for example, 
Hayami and Ruttan 1971; Evenson and 
Binswanger 1978) has dealt with this subject 
and its relevance to the ex ante analysis of ag
rotechnology transfer. 
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National Agricultural Researc i 

A technological society must be dynamic. To 
use an agricultural illustration, the successful 
introduction of the first hybrid seed for any crop 
requires automatically that further hybrids be 
developed. No amount of successful transfer of 
agricultural technology from outside can re-
place the need for an adequate national re-
search program.

Hayami and Ruttan (1971) theorize that the 
most serious constraint to agrotechnology
transfer is the ack of national research capacity. 
Evenson and Binswanger (1978) hav shown by 
empirical analysis of the transfer of wheat and 
rice varieties around the world that no transfer 
of improved technology occurs in thz. absence 
of indigenous agricultural research. Some 
adaptive research is always necessary. A small 
national research effort on a particular com-
modity w;ll screen and transfer only relatively
simple technology with low site-factor con-
straints. A large, mature national research effort 
will have many more options. It will be more 
capable of transferring technology with high 
site-factor constraints but will tend to be most 
interested in transferring principles and 
methuds and advanced scientific knowledge. 

The International Agricultural 
Research Centers 

The international agricultural research centers 
(IARCs) were created specifically to assist in the 
transfer of agricultural technology. Long before 
any of the centers were established, the colonial 
powers were conducting agricultural research 
in the developing world. The research concen-
trated on cash crops of export value. The cen-
ters were established for a different purpose: to 
increase production of major food crops. 

The earliest centers, CIMMYT and IRRI, were 
given the objectives of improving production of 
the major commercial food crops. ICRISAT, on 
the other hand -the first center actually
created by the CGIAR after its formation in 
1971 - was given the objectives of improving 
production of major subsistence food crops and 
the way of life in the tropics. 

The work of the centers is well enough under-
stood to need no further explanation at this 
symposium. Several activities of the centers 

have been described in this paper, particularly 
those designed to assist easier transfer of 
technology through the development of ap
propriate technology, conducting multilo
cational trials, and training. Conferences such 
as this are another important aspect ofthe work 
of the centers. They help create awareness of 
new technology and provide information to the 
centers for planning future activities. 

Training in the International Centers 

Training contributes directly to technology 
transfer. It helps create awareness of the ex
istence of the technology. Training is necessary 
for transfer of complex technology and 
technology with high site-factor constraints, to 
provide insight into the underlying principles 
and inherent limitations. The international ag
ricultural research centers conduct regular 
training programs. 

Probably the training program with which the 
IARCs are best identified is the short-term (one 
cropping season) in-service development of 
practical research skills. Although the program 
includes other aspects of research and some 
exposure to issues of research management, it 
is strongly oriented to improving technical skills 
for production technology and particularly 
plant-breeding technology. Implicit in the pro
gram, according to Swanson (1977), is the 
judgment that the institutions from which the 
trainees come have not themselves developed
these skills well enough, and are therefore not 
fully effective in producing the new biological 
technologies needed for their countries. 

Of equal importance in terms of numbers and 
emphasis in some centers are the programs 
involving research scholars and young scien
tists. The programs also involve the develop
ment of technical skills, but give larger 
emphasis to the development of professional 
skills in research design and analysis. These 
programs make no judgment on the abilities of 
national programs to organize effective agricul
tural research. 

Trainees, after they return to their countries, 
often participate directly in the international 
multilocational trials conducted by centers. 
They contribute to making the trials more uni
form and more meaningful. For both of these 
reasons, training reduces some of the costs of 
technology transfer. 
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Creating Awareness and Acceptance 
of Technology 

As mentioned above, training serves the pur-
pose of creating awareness of the existence of 
technology. So too do scientific visits and con-
ferences and communications and information 
services. Surveying the opportunities to gain 
knowledge about new technologies gives one 
theimpressionthatthereshouldbenodifficulty 
in creating awareness. In fact there is, because 
these services are not always effective. The 
reasons lie in certain complexity barriers to the 
acceptance of new knowledge. 

Technology that is both transferable and ap- 
propriate may not be acceptable because it is 
not understood. This will be particularly true for 
complex technology evolved from multidisci
plinary efforts and tecInology sublimed into 
principles and methods. Scientists generally 
are better at analysis than synthesis, and the job 
of recapturing technology from its principles is 
beyond many of them. 

A valuable approach to overcoming barriers 
to acceptance is the creation of networks for 
multilocational testing and research. Most of 
the international agricultural research centers 
have developed such networks with cooperat-
ing national institutions, 

There is always the possibility of discordant 
goal systems between institutions. Where the 
mix of governmental policies requires national 
scientists to work on different priorities towards 
different goals than those of the centers, there 
will be barriers to the acceptance of IARC-
generated technology. This is a particular pos-
sibility for ICRISAT, with its goals towards the 
poorest farmers and agricultural workers. The 
technology developed by ICRISAT would not fit 
perfectly, for example, into a national program 
oriented towards maximizing food production 
or reducing balance-of-payment problems. 

Is New Technology Needed? 

Development aid programs in the 1950s and 
1960s worked on t;ie theory that sufficient ag-
ricultural technology existed for development 
purposes. Efficient diffusion of extant innova-
tions was all that was required. The theory 
proved incorrect. Transfer of technology was 
needed and indigenous agricultural research 
capacity had to be created for the adaptive re-

search that was required (Moseman 1970). 
The transfer of technology through adaptive 

research is also not sufficient. Social science 
research repeatedly confirms the need for new 
technologies. In the West African semi-arid 
tropics, for example (Newman et al. 1979), there 
is need for improved varieties of sorghum and 
millet, new technologies for soil and water 
management, and whole new farming systems. 
Many of the principles of these technologies 
may exist, but the technologieL do not. Much 
research must be done, mostly by the national 
agricultural research institutions. ICRISAT and 
other external research institutions can only 
help. 
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Agroclimatic Analogues in Transfer 
of Technology 

Henry Nix* 

Abstract 

Basic concepts and methods of agroclimatic classification and homoclime analysis are
reviewed and discussed. Reasons for the tardy progress In development, testing, and
application of methods of agrocIlmatic analysis are explored and possible alternative
approaches examined, These include concepts of minimum data sets, definition ofoptimum experimental networks, and development of dynamic interactive systems ofcrop-climate and crop-weather analysis and synthesis. 

This symposium focuses on the general prob-
lem of development and transfer of technology 
but in specific relation to the farmer of the
semi-arid tropics. What arethe goals of the SAT 
farmer? For many, it may be simply survival and 
the emphasis will be on minimizing year-to-
year variation in food production. For some, 
more fortunate, the emphasis will be on 
maximizing expectation of profit. For all,
maintenance uf longer-term stability of the 
system is vital, although population and/or
economic pressures may subvert this require-
ment. Whatever the goals, they must be clearly
identified if we are to develop and transfer 
technologies that are appropriate and re!evant 
to the SAT farmer. 

Since each farmer and his farm is unique, and 
since there are some hundreds of millions of 
SAT farmers, how do we prescribe atechnology
that is relevant to the land, labor, capital, and 
management resources of each individual? If it 
were possible to predict the performance of any
crop-production system at any location given a 
specified minimum set of soil, crop, weather, 
and management data, then it would be possi-
ble to prescribe an appropriate technology. I 
have argued elsewhere (Nix 1968, 1976) that 
this is an attainable objective, but it does require 
some major shifts in the prevailing logic and 
method of agricultural research, of which agro-
climatic analysis is but a part. 

Principal Research Scientist, CSIRO, Division of 
Land Use Research, Canberra, Australia. 

Methods of Agroclimatic

Analysis
 

Climate and weather condition physical and 
biological processes and determine much ofthe 
strategy and tactics of crop production. It is 
difficult to conceive of any component of a 
farming system that is not influenced by climate 
and weather. Yet, thedevelopment, testing, and 
practical a., lication of methods ofagroclimatic 
analysis do not receive a very high priority in 
most agricultural research programs. The 
reasons for this situation are many, but some of 
the more important are: 

0 basic climatic data are inadequate or un
available 

0 understanding of crop-climate and crop
weather interactions is limited 

0 available methods lack generality and tend 
to be descriptive rather than prescriptive,
static rather than dynamic 

0 truly interdisciplinary research programs 
are the exception rather than the rule. 

These limitations tend to compound, i.e., they
have a synergistic effect. Thus, data limitations 
may restrict the choice and scope of method 
and hence the relevance and utility of the 
resulting analysis. Because adequate methods 
are not available or not accessible to research 
and extension workers at the district level, 
climatic data collected at great cost remain 
unused. Understandably, it then becomes 
difficult to justify arguments for upgrading net
works. Only by a convincing demonstration of 
the utility of climatic data in general and of
agroclimatic analysis in particular and at scales 
ranging from the continental to the local will 

Previous P04 lank
 



this particular nexus be broken. 
Hopefully, methods and techniques now 

available and under active development will 
aid in eliminating these limitations. Computer 
technology has provided a basis for efficient 
storage and retrieval of climatic data. Satellite 
technology holds promise of much finer spatial 
resolution of key components in the energy and 
water balances. Systems analysis and simula-
tion techniques permit a much closer coupling 
of climatic data and the agricultural or biologi-
cal system being studied and offer prospects of 
quantitative preaiction. Adoption of a systems 
approach reinforces the need for interdiscipli-
nary research. 

Progress towards an ultimate goal of predic-
tion of probable outcomes (ecological and 
economic) of any crop-production system at 
any location has followed an evolutionary path 
from simple trial and error, transfer by analogy, 
correlation and regression, and multivariate 
analysis to systems analysis and simulation 
techniques (Nix 1968). These methods are not 
mutually exclusive, and various combinations 
are normally in use in any given situation. 

Trial and Error 

Attempts to relate climatic and weather 
phenomena to observed biological and physi-
cal phenomena have roots in antiquity. Given 
time, stable and successful farming systems 
have evolved through keen observation 
coupled with generations of trial-and-error ex-
periment. Farmer innovation has been, and still 
is, a major source of new technology, and as 
scientists and technicians we should not unde-
restimate it. However, the social cost of the 
farmer's experimentation can be considerable, 
since for every success there are many 
thousands of failures. It can be and has been 
arguedthata majortaskof agricultural research 
is to reduce the social cost of such experiments. 

In long-established farming systems, the 
complex timir.g required to fit farm operations 
into the climatic cycle has been codified by 
ritual and custom. Climatic information thus 
becomes an integral part of the total system. 
Careful analysis of such traditional systems can 
yield much valuable information about climatic 
hazards and constraints. Before confronting the 
problem of transferring a "new" or "improved" 
technology, we need a thorough understanding 

of the existing crop-production systems. 
Farmer trial-and-error experiments could 

providea valuable additional sourceof informa
tion if a basic minimum set ofsoil-crop-weather 
data could be obtained. Regular monitoring of 
selected farm areas on such a basis can provide 
the necessary data base for yield predictions at 

the regional and national level. However, usual 
"ground-truth" procedures concentrate solely 
on final yield, and this does not permit anything 
but a superficial analysis of crop-climate and 

crop-weather interactions. 

Transfer by Analogy 

Most agricultural research is firmly based on 
the concept of information by analogy. Since it 
is impossible to replicate every experiment on 
every farm, a "representative" site is chosen, 
and results are extrapolated to other sites that 
share similar properties. The central hypothesis 
is that all occurrences of a defined class should 
respond in a similar way to management. Soil, 
vegetation, and climatic classifications exemp
lify this approach. Although the analogue 
approach does not require any detailed 
understanding of functional relationships be
tween selected site attributes and crop re
sponse, the better such understanding and the 
more relevant the attributes, the better will be 

the classification. 
The more rational and systematic of the 

general climatic classifications,such as Kbppen 
(1931) and Thornthwaite (1931, 1948), have 
played an important role in codifying and com
municating climatic information at global and 
continental scales. Thus, for example, Kbppen's 
Aw class and Thornthwaite's CA'w class 
broadly define ICRISAT's sphere of responsibil
ity. This is greatly expanded in area if a prob
abilistic approach is used and year climate is 
based or, a series of years rather than on 
long-term means. Using an extensive network 
of stations, Mizukoshi (1971) calculated relative 
frequencies of Koppen climatic classes for 
South and SoutheastAsia. The resultant pattern 
ofdominantyear climates placesa much higher 
proportion of Thailand, Indochina, and In
donesia in the Aw class. 

In an extensive review of methods of agroc
limatic classification, Burgos (1968) concluded 
that general, multi-attribute schemes of clas
sification were of limited value in the transfer of 
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technology. The most useful agroclimatic clas-
sifications are those developed for a specific 
purpose but, until recently, the sheer volume of 
data processing required in each case made 
such an approach impractical. Now, with 
computer-based storage and retrieval of clima-
tic data and ready availability of numerical 
taxonomic programs, it is easy to generate any 
number of classifications. However, problems
remain in the choice of attributes, weighting of 
attributes, choice of classificatory strategy, and, 
most importantly, interpretation of results. It is 
not intended here to review these aspects of 
numerical taxonomy since they are adequately
detailed in basic texts (Sneath and Sokal 1974, 
Williams 1976). 

The techniques of numerical taxooiomy or 
pattern analysis are objective and repeatable
and have been used successfully in a number of 
examples of agroclimatic classification and 
homoclime analysis. Plant introduction has 
played a very prominent role in the develop-
ment of agriculture on all continents, but par-
ticularly in Australia, where no cultivated plants 
existed before European settlement in 1788. In 
recent years, active plant exploration has been 
reinitiated, and identification of homoclimes on 
other continents has received attention. Thus, 
Russell and Moore (1970) used selected cli-
matic parameters and numerical taxonomic 
techniques in detecting homoclimes of a de-
veloping region in Queensland and, more re-
cently (Russell and Moore 1976), in a compara-
tive study of the climates of Australia and 
southern Africa. 

In any agroclimatic classification, the choice 
of attributes is critical. Inthe simplest case, it is a 
matter of selection from available raw climatic 
data. Usually there will bea conflict between the 
density of geographic network and the range 
of climatic data available. Commonly, only
monthly or, at best, weekly mean data for pre-
cipitation and temperature are readily available 
for an extensive network of stations. Wherever 
possible, probability values are to be preferred 
over mean values. Thus, Nix (1978) in an agroc-
limaticclassification of east-central Queensland 
used median, upper, and lower quartile values 
for summer (November-April) and winter 
(May - October) seasonal rainfall derived from 
a standard 50-year period (1915-1965). The 
resultant regions were used as a basis for 
selection of representative locations that had 

more extensive climatic data for more detailed 
crop simulation studies. 

Because each crop - indeed each culti
var- has a specific genotype-environment 
response, it is logical to consider crop-specific 
and even cultivar-specific classifications as an 
ultimate objective. Advances in our understand
ing of ocophysiological response, coupled with 
advances in computer technology, now make 
such an approach entirely feasible. The begin
nings of such a crop-specific approach are 
evident in the works of Papadakis (1938, 1965, 
1970), who recognized broad climatic con
straints for a comprehensive array of cultivated 
crop species and developed climatic indices 
that reflect important processes in the crop 
environment. 

Following from this approach, a more direct 
coupling of climate and ecophysiological re
sponse offers even better prospects of more 
relevant bioclimatic analysis and classification. 
Thus, for example, Fitzpatrick and Nix (1970) 
developed a simple growth-estimation model, 
using separate functions for light, temperature, 
and moisture response for each of three major
plant groups (temperate C3 , tropical C3, tropical 
C4). The model was coupled to a data base of 
weekly mean climatic data for some 300 lo
cations and was used to analyze the climatic 
factor in the grassland ecology of Australia. 
Subsequently, the model has been developed
and used to derive selected attributes in a num
erical taxonomic classification of arid-zone mulga 
(Acacia aneura) environments (Nix and Austin 
1973). In a further study (Austin and Nix 1978),
the objective was to define bioclimatic zones for 
rangelands research. Edwards and Johnston 
(1978) used a similar approach in a study of the 
agricultural climatology of the Upper Murrum
bidgee River Valley, N.S.W. 

Given that present agricultural research 
strategy is based on the analogue approach, a 
network of research and experimental sites is a 
necessity. But can we define an optimum net
work? Field-based research is expensive but 
essential. Any rationalization and streamlining 
of research, extension, and development 
strategies could have tremendous benefits both 
in terms of reduction in expenditure and cost 
effectiveness. Thus, for instance, we might wish 
to define the most efficient network of experi
mental sites for the semi-arid tropics in general, 
or for a selected target crop or crops within that 
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zone. (Separate analyses for individual crops 
might indicate sites of general acceptability.) 
Such an analysis is being undertaken by the 
author, butthe resultsarenot yet fullyanalyzed. 

An example of this approach is provided in an 
analysis of dryland wheat environments in 
Australia (Nix 1975). A simulation model of 
wheat was used to derive measures of the light, 
thermal, and moisture regimes during the vege-
tative, reproductive, and grain-filling phases 
of a standard cultivar. Numerical taxonomic 
techniques were used and the resultant clas-
sification suggested that existing research cen-
ters were by no means equitably distributed. In 
contrast, the study of rangeland environments 
reported earlier (Austin and Nix 1978) found 
that existing research centers were most 
economically distributed, 

Correlation and Regression 

Simple and more complex correlations have 
been sought between practically every primary 
and derived climatic parameter and every as-
pect of crop growth, development, and yield. 
The classical example is provided by Fisher 
(1924) who analyzed wheat yields at Rotham-
sted in relation to 6-day rainfall periods. In 
environments where a single factor, suchasthe 
water regime, uuminate.; crop performance, 
such correlations may have useful predictive 
value. The use of more refined indices of the 
crop's climatic environment, coupled with a 
phenological rather than a calendar time-scale, 
usually in more general and more robust pre-
dictive equations (Stanhill 1970). 

The deficiencies in this approach are due 
primarily to explicit assumptions of linearity of 
response, implicit assumptions that correlation 
implies causation, and the normally location-
specific and season-specific nature of the re-
lationship. Despite these criticisms, correlation 
and regression methods remain a valuable tool 
in fitting functions used in more complex 
modes of analysis. 

Systems Analysis and Simulation 

Very simply, systems analysis is concerned 
with the resolution of any complex system into 
a number of simpler components and iden-
tification of the important linkages between 
them. A graphical presentation (flowchart) may 

precede a formalized set of logical statements 
and mathematical formulae (program). This, 
then, is a model of the real system, and when it 
is developed to the stage when it can mimic the 
behavior of the complex system, then experi
ments can be performed using the model. This 
is simulation. 

Adoption ofa systems approach immediately 
emphasizes the need for interdisciplinary 
teamwork, since knowledge and insight gained 
from biological, physical, social, and economic 
disciplines are required. It formalizes what is 
already known about the crop-production sys
tem, identifies the more important components 
and processes, and helps to identify significant 
constraints to performance. It is only at this 
level that the real significance of climate and 
weather becomes apparent. These are primary 
inputs that drive the biophysical processes of 
the crop system and as such are an integral part 
of the whole. 

A research strategy based on the systems 
approach would center around development of 
working models of c, )p-production systems. 
These models would need to be structured so 
that they are capable of continuous improve
ment in logical structure and function. It would 
be advantageous to have a range of models 
capable of application at a range of levels of 
scales and a range of levels of precision and 
accuracy. 

Only by development of such crop models is 
it possible to begin identification of minimum 
data sets that are needed for adequate interpre
tation and extrapolation of experimental 
results. It is essential that balanced sets of 
soil-crop-weather-management data be col
lected. Very few agronomic experiments meet 
this criterion. Often, very detailed measure
ments and observations are made on one corn
ponent or process in the system, while others 
are ignored. 

Recognizing the different objectives of field 
experiments and the different scale of facilities 
available, one can conceive of a series or hierar
chy of minimum data sets with increasing 
range, precision, accuracy, and frequency of 
measurement and observation. However, at all 
levels the emphasis remains on maintaining a 
balanced monitoring of the whole crop system. 
Thus, for example, consider a three-level 
system: 

1. Level generally applicable to field trials 
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remote from laboratory facilities. Data col-
lected are the absolute minimum required 
for relating crop performance to the en-
vironment and for comparative analysis of 
crop performance at widely spaced sites 
and/or seasons. Precipitation must be 
measured at the site, but temperature, 
evaporation, and solar radiation data can 
be obtained from a meteorological station 
within the general region. Soil data may be 
restricted to gravimetric soil water content 
at or near sowing and at harvest. Crop data 
are limited to phenological observations 
(dates of emergence, floral initiation, 
flowering, physiological maturity, harvest) 
and components of final yield. These data 
are just sufficient for calculation of empiri-
cal biophysical indices and for verification 
of the simpler predictive models. 

2. 	Level generally applicable to field experi-
ments conducted at or near regional re-
search station. A combination of more 
frequent and more comprehensive soil, 
crop, weather measurements and obser-
vations permits analysis of crop perfor-
mance on aphysiological or process basis. 
This provides a much sounder basis for 
analysis of major environmental con
straints and permits the development and 
testing of process-based models of 
growth, development, and yield. 

3. 	Level applicable only where major data
logging and data-processing facilities are 
available. Greatly increased frequency of 
sampling permits a detailed analysis of 
component subsystems and component 
processes. This provides the necessary 
data for development and testing of gen-
eral crop models that incorporate explicit 
representation of major processes in the 
whole crop system. 

The emphasis throughout must be on iden-
tifying the absolute minimum data set at each 
level of complexity. Standardized data collec-
tion sheets and crop phenological charts would 
ensure comparability of data anJ permit much 
more comprehensive analyses of crop experi-
ments at widely spaced locations. Such de-
velopments would benefit agricultural research 
and aid in transfer of technology, whatever the 
research methodology adopted, but they are an 
essential prerequisite for the systems ap-
proach. 

Conclusions 

The systems approach has much to offer in 
devising new technologies. It formalizes what is 
known about existing crop systems, their more 
important components, processes, and feed
back mechanisms, and helps identify significant 
constraints that are often subtle and not im
mediately obvious. The possible consequences 
(ecological, agronomic, economic) of introduc
ing a new technology can be examined using 
simulation techniques and appropriate field 
experiments designed to test the model pre
dictions. 

Inthe systems approach, climate and weather 
occupy a primary position in the whole hierar
chy of data acquisition, processing, and 
analysis and become an integral part of the 
whole system. The full flowering of the 
techniques of systems analysis and simulation 
will not occur until they can be placed in the 
hands of the agronomist, soil scientist, plant 
physiologist, plant breeder, and other subject 
specialists. The development of microproces
sors and small, relatively inexpensive, pro
grammable hand calculators should soon make 
this a reality. 
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Organizations in Technology Transfer 
and Research 

Frederick E. Hutchinson, 

Abstrect 

Research designed to develop technology that can be appropriately transferred to small
landholders in thedeveloping world is essential forsuccessfulagriultmral development,
The United States Congress has mandated that future agricultural development 
programs financed through U.S. foreign assistance emphasize transfer of technology
appropriate to small landowners. In the past, U.S. organizations working In development
foundit difficult to coordinate their efforts to maximize their effectiveness; but nowmust
do so under Title X11 of the Foreign AtsisCance Act of 1975. This act links Cgricultural
universities, federal agencies, and private organizations in research programs tied to
agricultural development strategies. Key elements in forming and maintaining this 
cooperative effort are discussed. 

There are several organizations in the world 
that are presently involved in facilitating or 
conducting research for approprite technol-
ogy transfer in agricultural development.1 I will 
not attempt to name them all because that is not 
the theme of my presentation. Instead, I would 
like to focus on the issues involved in maximiz-
ing the opportunities presented by these 
organizations to improve the production and 
utilization of major food materials. Oppor-
tunities to improve upon the present situation 
will be the primary thrust of my remarks, and I 
shali use an example from the U.S - TitleXII of 
the Foreign Assistance Act of 1975, since that is 
a recent experiment with which I am very 
familiar. However, I feel the principal issues 
identified in that example are reasonably ap-
propriate to other orgalization3 working in the 

Vice President, University of M; Ine, and Chair-
man, Joint Research Committee, Board for Inter-
national Fooo and Agricultural Development,
USA. 

1. ThetermAppropriate echnology is defined as"A 
technology which is most suitably adapted to the 
conditions ofagiven situation. Itmust be compati-
ble with the human, financial, and material re-
sources which surround its application." A. E. 
Perez, 1978. The Role of U.S. Universities in Inter-
national Agricultural Development (Washington 
University), p.9 

same field of agricultural development 
worldwide. 

It is important to begin such adiscussion with 
a dear understanding of the necessity of re
search as the undergirding for a successful 
agricultural development program. This means 
research designed to develop technology that 
can be appropriately transferred to small land
holders in the developing world. If one begins 
with the premise that little research has been 
conducted that was designed for that specific 
purpose, the need for a new research program
is evident. Although the U.S. agricultural re
search organizations cannot be expected to 
attack this problem single-handed, it is logical 
to expect the tremendous capability that has 
been built in that country over the past 100 
years to make a strong commitment in this 
direction. 

I also wish to acknowledge the fact that a 
large amount of agricultural technology trans
fer to LDCs from the U.S. has been attempted in 
the past 25 years by universities, federal agen
cies, and private corpora',iuns. The success
record is spotty, mainly in relation to the degree 

the technology implanted was appropriate tothe local conditions -in other words, the de
gree to which the research upon which thet ch was base a p n whic ie 
technology was based happened to coincide 
with conditions where it was transferred. 

It is also clear from past experience that the 
"trickle down" theory -which holds that ag
ricultural technology transferred to large land
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holders will eventually be adopted by small 

landholders as well  has not worked in most 
LDCs. Thus, the U.S. Congress has mandated 
that future agricultural development programs 
financed through foreign assistance must em-

transfer of technology specificallyphasize 
appropriate to small landholders. 

In the past, U.S. organizations that were 
interested in development and transfer of tech-
nology appropriate toagricultural production in 
LDCs as well as in the U.S. have found it difficult 
to coordinate and/or combine their efforts in 
order to maximize their effectiveness. Zxperi-
ence with agricultural research in this country 
shows us the importance of coordinated prog-
rams on Lommodities such as corn or wheat, 
whereby the research conducted in each statw 
also contributes to a major national effort. A 
recent opportunity for such a coordinated U.S. 
research effort directed toward worldvide ag-
ricultural development was the passage of Title 
XII of the Foreign Assistance Act of 1975. 

Under the Title XII legislation, U.S. agricul-
tural universities, federal agencies, and private 
organizations can become linked in large-scale 
agricultural research programs tied to agricul-
tural development strategies in the developing 
world. The Board for International Food and 
Agricultural Development (BIFAD) sits with the 
Administrator of AID in setting priorities for the 
food and nutrition programs funded by the 
Agency, a funding that presently approximates 
$600 million per year. The Joint Research 
Committee (JRC) created by the BIFAD has 
worked hard for the past year to identify and 
prioritize the major opportunities for U.S. ag-
ricultural research organizations to intermesh 
their capabilities and interests with the needs in 
the developing world. (A prioritized list of 24 
suggested programs is available from BIFAD.) 
In the pro-ess of establishing such a list and 
initiating the first four programs, the JRC has 
identified some of the key elements in forming 
and maintaining involvement of U.S. organi-
zations, especially universities, in such prog-
r;,,,s. These key elements are as follows: 

1. 	long-term commitment by all parties, 
2. 	true joint interest in collaboration, 
3. 	maximum possible program flexibility for 

all participants, 
4. 	appropriate balance of the research pro-

gram in U.S. to that in LDCs, and 
5.an agreement that research is essential to 

agricultural development. 
I will now discuss each of the above points in 

some detail, because the experience of the JRC 
indicates that each one is important enough in 
its own right to essentially defeat any attemptto 
mount a successful program if it is not properly 
dealt with in the planning phase. 

First, long-term commitment by all parties: It 
is clear to me that many past attempts to 
develop and transfer technology appropriate to 
specific commodities in LDCs have failed be
cause the program was restricted to an un

as 2 or 3 years.reasonable time frame, such 
Research is by its very nature long-term, requir
ing methodology, design, implementation, and 
evaluation phases. Consider the time frame 
over which the agricultural technology in the 
U.S. has been developed. It is encouraging that 
Title X11 legislation recognizes t-e need for 
long-term research and development pro
grams. 

Second, a true joint interest in collaboration: 
It is not easy to develop among 10 or 12 uni
versities and/or other organizations a genuine 
desire to collaborate in a formally designed 
agricultural research program that also in
volves institutions in developing countries. Par
ticipants must be assured of their function in the 
total program and they must be convinced itwill 
be structured in such a manner that the credi
bility of all participants will be maintained. In 
other words, who is prepared to deal with the 
possible situation where one participant is not 
getting the job done? The JRC has discussed 
several models for structuring these entities, 
and it appears the problem can be solved. 

Third, maximum program flexibility: Many of 
the U.S. research organizations that have con
ducted international agricultural development 
projects in the past agree that funding agencies 
have been excessively restricti,'.e in the manner 
in which they allowed them to administer the 
project. This type of restriction kills initiative 
and tends to limit the chance for maximum 
productivity by the scientists. Title XII offers an 
opportunity for much more flexibility in project 
administration once a well-designed project 

has been approved. 
Fourth, a balance in research effort: It is 

obvious that effective research, on agricultural 
technology appropriate to otier parts of the 
world requires involvement in the entire pro
cess of planning and implementation by scien
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tists from the appropriate LDCs. Also, some of 
the research will need to be conducted on lo
cation in those countries, even though a sig
nificant part can be conducted in the U.S., 
where major research facilities and highly 
trained staff are available. These foreign lin
kages take time to develop, but they are 
absolutely essential to the process. 

Fifth, the commitment to research: To those 
of you who are scientists,this seems so obvious 
that it does not require further elaboration. 
However, please realize there are many, both 
within the U.S. Congress and within the world
wide funding agencies, who do not believe 
further research is needed for agricultural de
velopment to occur. It is their assumption that 
the past agricultural research we so loudly 
proclaim has answered nearly all of the impor
tant questions or constraints to be encountered 
in food production. We must keep stressing the 
need for continuing research designed to de
velop technology appropriate to specific LDC 
commodities and conditions, social as well as 
agronomic. 

In summary, I believe there are several sub
stantial obstacles to effective research and 
technology transfer programs. These obstacles 
are common to most of the organizations that 
are active on the world scene today, and they 
should be carefully considered by all who at
tempt to plan, implement, and evaluate such 
programs. Much has been learned in recent 
years concerning the best means to surmount 
these obstacles; the e'-erience from Title XII of 
the U.S. Foreign Assistance Program is one 
contribution. 
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Climatic Approach to Transfer 
of Farming Systems Technology

in the Semi-Arid Tropics 
S. M. Virmani* 

Abstract 

The crop yields in the dry semi-arid tropics are low due to the temporal and spatial
variations In rainfall. These areas are characterizedby high climatic water demand, and 
the rainfall exceeds evapotranspiration only from 2 to 4% months in a year. Due to the 
wide spatial distribution of the natural endowments, there exists &strong element of 
location specificity in terms ofmoisture environment during the crop growing season. 
Some techniques employed for quantification of rainfall distribution andsoil-moisture 
availability in relation to crop wat, r needs have been described. Examples of the 
relevance of agroclimatologica' analysis for the translocation of farming systems 
technology are discussed 

The tropical semi-arid regions lie to each side of 
the tropical rain forest climates and at higher 
latitudes in both hemispheres. Rainfed agricul-
ture, laden with uncertainty and instability in its 
precipitation patterns, has failed to provide 
even the minimum food requirements for 
the rapidly increasing populations of many 
developing countries in the semi-arid tropics 
(SAT). The mean annual temperature of the SAT 
exceeds 18°C. The rainfall exceeds potential 
evapotranspiration for 2 to 41/2 months in the 
dry SAT and 41/2 to 7 months in the v/et-dry SAT 
(Troll 1965). These areas are characterized by a 
high climatic water demand and by variable and 
erratic rainfall. It is imperative that any technol-
ogy for land and water management and crop 
production in the SAT areas must be aimed 
at improved resource management that conseirove d reoute analman sl more 
serves and utilizes rainfall and soil more
efficiently and at new crop production systems 
that maintain productivity and assure depend-
able hawvests (Kampen 1979). 

The intimate relationship between the 
weather and agricultural production systems, 
especially the complexities associated with 
vagaries of weather in terms of yield fluctu-
ations, has been a subject of wide concern in 
national and international crop production 
planning. In this context, the situation in the 

Principal Agrocllmatologist, ICRISAT. 

SAT areas is even more con plex because of the 
large variations in the weather parameters that 
affect agricultural production. A properdescrip
tion and analysis of these weather parameters 
is an essential element in the application of ag
rometeorological knowledge for the generation 
and transfer of farming systems technology in 
the SAT areas. 

Climatic Approach in Farming
Systems Technology 

Over the past 6 years, a considerable amount of 
farming systems research at ICRISAT has con
centrated on analysis ofthe agricultural process 
for identifying the constraints to agricultural 
production and for evolving suitable production 

practices in the removal of these constra ints. As 
a useful corollary to this exercise, efforts in theagroclimatology subprogram are aimed at 
analyzing the meteorological conditionr, of a 
region in order to characterize its agricultural 
potential and identify suitable crops/cropping 
systems to reap the full beneiit of this potential. 
A systematic climatological approach in this 
context comprises the following steps: 

1. Description of the rainfall regime in a par
ticular area, including studies on the total 
rainfall, rainfall intensities, and rainfall 

probabilities. 
2. Calculations of potential evapotranspir-
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ation and its relationships with rainfall 
regimes to identify the water surplus and 
deficit periods. 

3. 	Evaluation of the soil water-holding ca-
pacity arid other soil physical characteris-
tics such as texture, structure, infiltration 
rates. 

4. 	Water-balance calculations using the rain-
fall and potential evaporation data in 
conjunction with soil water storage. 

Description of Rainfall Regime 

Rainfall in the SAT mostly occurs April to October 
in the Northern Hemisphere and October 
to April in the Southern Hemisphere; the per-
centage of seasonal rainfall toannual total often 
exceeds 90%. Data pertaining to the monthly 
rainfall, annual total, and seasonal rainfall per-
centage for six selected locations in the SAT are 
shown in Table 1.For all the locations the strong 
seasonality in the rainfall is evident. 

Hyderabad, located somewhat in the center 
of the "heartland" of the SAT, has annual pre-
cipitation concentra*1 in 4 rainy months from 
mid-June to mid-Ociober. The rainfall is highly 
erratic; data for the last 78 years show that it 
may vary from 320 mm (1972) to 1400 mm 
(1971) with a CV of 26%. Variability is by years 
as well as by seasons. Rainfall distribution dur-
ing the last 6 years at ICRISAT Center and the 
normals (1940-70) for Hyderabad are shown in 

Table 2. During 1972-73, June was the wettest 
month, with 107 mm, whereas in 1974-75, 
October recorded the highest monthly total of 
279 mm. In 1978, August received a record 
amount of rainfall (516 mm), while in 1975 Au
gust was thedriest of the last 6years. The relia
bility of the seasonal rainfall from April to Oc
tober is indicated by the mean amounts as well 
as by the low CV. 

The marked seasonality of the rainfall in the 
SAT exerts an overall control on the water 
availability and agricultural systems. The 
characteristics of individual rainstorms are also 
of importance, particularly their intensity and 
duration. In the SAT, a high proportion of rain
fall occurs in large storms of high intensity. 
Hudson (1971) concluded that 40% of the rain
fall in the tropics occurs at intensities of at least 
25 mm/hr, a figure considered as a threshold 
value at which rainfall becomes erosive. The 
highest rainfall intensity observed at ICRISAT 
Center was 88 mm/hr recorded on 24 Sep
tember 1975. On 18 August 1976, a rainfall in
tensity of 60 mm/hr was experienced. These 
characteristics are of great importance to both 
soil erosion and the effectiveness of rainfall to 
agriculture; largestorms of high intensityresult 
in considerable loss as surface runoff and as 
drainage beyond the root zone. 

Despite the complexity of the moisture sup
ply, certain generalizations can be made. Use of 
monthly average to describe seasonal rainfall 

Table 1. Average monthly rainfall (mm) for selected SAT locations. 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Annual*Location Lat Long 
0 a0 I 

1. Hyderabad 17 27N 78 28E 2 10 13 23 30 107 165 147 163 71 25 5 761 
(93)(India) 

0 2 0 0 1 15 88 243 163 49 5 6 5782. 	 Dakar 14 44N 17 30W 
(Senegal) (98) 

334 220 58 12 0 10993. 	Bamako 12 38N 08 02W 1 0 3 15 60 145 251 
(Mall) (99) 

4. Maradi 13 28N 07 05E 0 0 0 4 32 60 164 260 110 12 0 0 642 
(Niger) (100) 

5. 	Sokoto 13 01N 05 15E 0 0 0 13 53 89 165 252 147 15 0 0 734 
(100)(Nigeria) 

6. 	Ouagadougou 12 21N 01 31W 0 3 8 19 84 118 193 265 153 37 2 0 882 
(Upper Volta) 	 (99) 

Isshown inperarthem.Percentage of seasonal rainfall (April to October) to annul total 
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Table 2. RaInfall at ICRISAT Center during 1973-78 and normals (1940-70) for Hyderabad. 

Normal 

Mean CV 
Month (mm) (%) 1973 1974 1975 1976 1977 1978 
Jan 
Feb 
Mar 
Apr 
May 
June 

5.5 
11.0 
12.5 
24.0 
26.5 

115.5 

319 
204 
199 
122 
95 
57 

0.0 
0.0 
0.0 
0.0 
3.0 

59.8 

0.0 
0.0 
0.0 

14.8 
15.0 

119.8 

35.0 
0.0 

23.9 
0.0 
1.7 

98.4 

0.0 
0.0 
0.5 

91.0 
22.4 
86.0 

0.0 
0.0 
0.0 
7.5 

26.0 
86.5 

17.2 
20.5 
3.8 

56,4 
15.0 

181.4 

July 
Aug 
Sept 
Oct 
Nov 
Dec 

171.5 
156.0 
181.0 
67.0 
23.5 

6.0 

45 
52 
57 
94 

167 
254 

161.0 
230.8 

68.9 
216.4 

10.6 
1.3 

89.3 
160.2 
185.5 
278.6 

4.5 
0.0 

195.2 
139.4 
422.3 
173.5 
15.0 
0.0 

219.3 
298.7 
74.0 
0.6 

29.7 
0.0 

183.5 
196.4 
40.0 
48.9 
27.8 
2.0 

226.2 
515.8 

81.5 
70.5 
10.4 
0.9 

Annual 800.0 751.8 867.7 1104.4 822.2 608.6 1201.6 

regimes is often not sufficiently acc.urate; at cer-
tain times in the crop growing seison, the pre-
sence or absence of water is not critical, and 
indications of variability over shorter time 
periods are of great importance. Many agricul-
tural operations revolve around the probability 
of receiving given amounts of rainfall. Farm-
scale operational planning often requires de-
cision-making with respect to resources, man-
power needs, available work days, cropping 
schemes, and several other factors. A com-
prehensive idea regarding the probability of 
rdnfall is essential in view of the economic im-
plications of certain weather-sensitive oper-
ations - dry seeding, harvesting, etc. 

In agronomic terms, once a seed is planted, 
water is required on a continual basis until the 
crop matures. We therefore utilized the concept 
of the Markov Chain to define the probability of 
rainfall of a given amount during a given week: 
initial probabilities or PW); the probability of 
rain next week if rain was received this week 
P(W/W); and tha probability of next week being 
wet if the current week has been dry P(W/D). 
These are called conditional probabilities, 

Potential Evapotranspiration 
or Evaporative Demand 

Another significant feature of the tropical envi-
ronment is the high climatic water demand. 

The meteorological factors affecting evaporation 
include solar radiation, temperature of the 
evaporating surface, vapor pressure gradient,
and wind and air turbulence. Solar radiation is 
the dominant source of energy and sets the 
broad limits of evaporation. Values of solar 
radiation tendtobe high inthetropics, modified 
by cloud cover, making the evaporative de
mand of the atmosphere considerable (Jackson 
1977). The annual values of potential evapo
transpiration (PE) often exceed 1750 mm. Dur
ing the growing season these values are of the 
order of 8 to 10 mm/day on clear nonrainy days 
and usually are around 3 mm/day on cloudy or 
rainy days. 

When rainfall exceeds PE, soil moisture re
serves are recharged. When rainfall is less than 
PE, soil moisture reserves are utilized. Most of 
the time in the SAT areas, rainfall is less than PE 
and actual evapotranspiration (AE) may equal 
rainfall. As shown in Figure 1, all six selected 
locations show only 2 to 3 months when rainfall 
exceeds PE, allowing some soil moisture re
charge followed by utilization in the succeeding 
months. 

Denmead and Shaw (1962), working with 
corn in Iowa, rmo.-tc. that on a clear day, when 
the potential transp.;.aMion was as hif1 h as 6 to 7 
mm/day, the declin, ir. the transpiration rate
occurred at a very low moisture tension, close 
to field capacity (Fig. 2). On a heavily overcast 
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Figure 2. Actual transpiration rate as a func
tion of soil moisture content 

S.. . .(Source: DenmeadandShaw 1962). 

.X: " of growth. Since the crop yields are propor.	 tional to moisture availability, the semi-arid 

SI.	 F tropical environment introduces a strorg ele-
I ment of risk to high and stable crop yields.

* '1 
S...Soil 	 Moitture Storage 

****.*_. .	 The soils of the SAT show great diversity in 
texture, structure, type of clay, organic matter 
content, and depth. Among other things, the
precipitation actually entering the soil depends 

_. upon the type, surface conditions, and moisture 
S ,status of the soil. 

As shown in Figure 3, the moisture depletion 
from a given soil varies with the soil type 

Figure 1. Monthly variation in rainfal (J (Holmes 1961). The idealized curves show that 
and potential evapotranspiration in the case of sandy soils, the low moisture
(----) at six selected locations in the holding capacity and the low colloid content 
SAT. = Water deficiency permit a rapid removal of much of the soil mois
soil moisture recharge. ture. The depletion rate remains at a high level 

almost to the wilting point. Fora heavy claysoil, 
on the other hand, the moisture cannot 

day, when the potential transpiration rate was be removed rapidly. 
only 1 to 4 mm/day, the transpiration rate did The average values of changes in the profile 
not decline until the soil moisture reached 12 moisture on the weekly basis in three typical 
bars, not much above the permanent wilting soils of the Hyderahad region are plotted in Fig
point. Since the rainfall distribution in theSAT is ure 4. These curves are based on the 1901-70 
highly erratic, and rainy spells are interspersed rainfall records. It is appareit that in the shallow 
with unpredictable droughts, the crops are ex- Alfisols there is very little soil moisture storage 
posed tc considerable strcss at different stages for use over extended drought periods. In deep 
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Figure 3. Drying rates of three types of soils 
as a function of soil moisture con-
tent (Source:Holmes 1961). 

Alfisols, mcd:um deep Vertisols, and in deep 
Vertisols, there is a fair degree of rnoisturo stor
age for a substantially longer time during the 
growing season compared with shallow 
Alfisols. Thus, under identical rainfall condi-
tions, the effects of short-term intraseasonal 
droughts on crop moisture status will differ in 
different soil types. The amounts of water lost 
by runoff would be much higher in the shallow 
Alfisols compared with the othertwo soil types, 
and the potertial benefits derived from sup-
plemental arbplications of water would vary 
with the soil type. Our experience has shown 

Weeks 0 a 16 24 32 40 48 
. .financial 

50 -
%1 

.Shallow/ 
Alsols / 

E %% 
100. / 

o/T 
Deep Aagrotechnology 

E ....-eu ver ,sols / 
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200 ,Verisols 

250 1 
2 

Figure 4. Weekly soil-moisture storage in 
three soils (based on Hyderabad 
data, 1901-1970). 

that it is on the shallow Alfisols that reuse ofrunoff is usually profitable under Hyderabad 
conditions. 

Water Balance Calculations 

Itis possible to calculate the water balance for agiven region for any given crop from the actual 

rainfall evapotranspiration and soil moisture 
characteristics over a series of years. The use of 
computers for fast and accurate calculation of 
water balance using vario is simulation models 
has made this task relatively easy. Water
balance results find useful application in the 
determination of the length of the growing 
season and the optimum sowing date;
maximum water use of a crop and maximum 
water availability can be matched for optimal 
use of available resources. 

Transfer of Farming Systems

Technology:
 
Some Case Studies
 

For over 2 decades agricultural research has 
focused its major attention on improved crop 
yields under irrigated agricultural systems. Re
cent crop failures and widespread famines in 
thearidandsemi-aridareashavebroughttothe 
e'tention of researchers the need for improved 
technologies for greater yields and production 
stability in these areas. The geographical diver
sity and the distance between SAT locations
impose definite limitations on the technicai and 

resources for intensive investigations 
- over large areas in the SAT. Hence, research 

conducted at a few important locations for the 
generation of improved technology will haveto 
find application over large areas. 

he climatic approaches for the transfer . ; 
have been described earlier. A 

few case studies are presented here to show the 
application of these approaches for some prac
tical problems. These case studies are by no 
means exhaustive but can serve a- useful 
examples to illustrate the idea behind these
exercises. 

Location Specificity of Moisture 
Environment 

The distinctive characteristics of the SAT
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influence the distribution of natural 
endowments -soils, rainfall, and climate-
introducing a strong element of location spec-
ificity in terms of the agricultural environ-
ment. This is exemplified by a comparison of 
two locations - Hyderabad and Sholapur, 
India - situated about 500 km apart at similar 
latitude and altitude. They seem agrocli-
matologically, ecologically, and edaphically 
similar (Virmani et al. 1978). At both locations, 
soils are deep to medium deep Vertisols. The 
mean annual rainfall at both the locations is 
about the same (764 mm at Hyderabad and 742 
mm at Sholapur) and, on an average, morethan 
75% of their precipitation is received between 
June and September. Krishnan (1974) com-
puted the annual PE at 1757 and 1802 mm, 
respectively, for Hyderabad and Sholapur; the 
actual length of the growing season was 
estimated to be 130 and 148 days, respectively. 
The CV of the annual rainfall is 26.1% for 
Hyderabad and 28.6% for Sholapur. Rao et al. 
(1971) computed Thornthwaite's moisture 
index at -56.4 and -58.7, respectively, 

With this information, one could expect simi
lar agricultural potentials at these two locations. 
However, research has shown that this is not 
true. At Hyderabad, on Vertisols, yields in ex
cess of 5000 kg/ha are common in pigeonpea/ 
maize intercropping and in maize/chickpea 
sequential cropping; rainfall-use efficiencies of 
the order of 6 to 10 kg/mm can be -.jtained 
regularly. However, at Sholapur, rainy-season 
cropping is undependable with sorghum or 
maize; a short-duration crop of pearl millet or a 
grain legume followed by sorghum grown on 
conserved moisture is somewhat successful. 
Furthermore, yields from yeartoyearare highly 
variable, ranging from 1000 to 2000 kg/ha; the 
rainfall-use efficiencies are quite low. 

Hargreaves (1975) reported extensive rainfall 
analyses for defining the agricultural poten-
tialities for rainfed agriculture of semi-arid 
tropical northeastern Brazil. He found that if the 
amount of rainfall was sufficient to meet one- 
third of the potential demand (R/PE = 0.33), it 
was sufficient to meet water requirements of 
dryland crops in soils with a fair amount of 
available water-holding capacity. The rainfall is 
defined as "dependable precipitation" when 
the probability of its receipt is at least 75%. In 
such a scheme of evaluatic n, consideration is 
given both to the adequacy of rainfall in relation 

to crop water needs and the dependability of its 
occurrence. 

An analysis for initial and conditional prob
abilities of R/PE50.33 explains most of the 
differences between Hyderabad and Sholapur 
(Fig. 5). The rainfall distribution is highlyerratic; 
few of the initial probabilities P(W) exceed the 
70% threshold level and the (P(WNV) follows a 
similar pattern. In comparison, the rainfall 
analysis for Hyderabad shows that rainfall is 
dependable (as defined at 70% probability) 
between 18 June and the end of July, and from 
about mid-August to mid-September. Thus, 
rainfall characterization based on short-term 
periods can be particularly effective in explain
ing differences in agricultural climate and crop 
yield potentialities. 

The illustration of location specificity, as 
exemplified by the rainfall analysis of 
Hyderabad and Sholapur, clearly brings out that 
quantification of the moisture environment 
would be essential for identifying isoclimes and 
for the transfer of different elements of the 
farming systems technology. 

Possibilities of Dry Seeding 
on Vertisols in India 

The methodology of rainfall probabilities could 
be used for assessing the risk associated with 
dry seeding of rainy-season crops in the SAT. 
From our experience, we have observed that 
the dry seeding period of the crops will be a 
couple of weeks ahead of the onset of the rainy 
season. At Hyderabad, the onset of seasonal 
rainfall is abrupt at the commencement of the 
rainy season and the probabilities of con
tinuance of rain are fairly dependable. There
fore, this location offers an excellent scope for 
dry seeding. At Sholapur, on the contrary, the 
onset of rains at the commencement of the 
season is not abrupt and the probabilities of the 
continuity of rainfall after onset are not high; 
such locations are prone to considerable risk in 
dry seeding. Based on rainfall probabilities of 
more than 90 locations in India, the areas 
offering possibilities of dryseeding on Vertisols 
are mapped in Figure 6. The technology for dry 
seeding of crops generated at ICRISAT Center 
could be translated with afair degree of success 
to Akola, Jabalpur, Indore, and Udaipur; 
whereas at Sholapur, Dharwar, Jalgaon, and 
Ahmedabad the likely success of dry seeding is 
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Figure 5. Comparison ofprobabilities of RIPE> 0.33 at Hyderabad and Sholapur. 
a. Initial probabilities (P[W]) 
b. Conditional probabilities (P[WIW]) 

low due to the high risk associated with this that may be used to employ this information in 
practice. In such cases it would probably be best the planning of agricultural strategies/ 
to build up some moisture in the upper horizons operations. The length of the growing season 
of the soil profile prior to seeding. depends upon the pattern of rainfall and also 

upon the type of the soil, particularly its 
moisture-holding characteristics. 

Length and Characteristics The soiFmoisture availability characteriza
of the Growing Season tion could have implications in crop planning 

and selection of crop cultivars, at least as a first 
Thus far our discussion has been mainly on the approximation. The length of the growing sea
probabilities of rainfall and the methodologies son in the three soiI is shown in Table 3. At the 
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Table 3. Length of the growing season (in 
weeks) * for three soil cond-tinns.b 

Available water-storage capacity 

Rainfall Low Medium High

probability (50 mm) (150 mm) 
 (300 mm) 

-Mean 18 21 26 

75% 15 
 19 23
25% 20 24 30 

a. From seed-germinating rains (25 June) to end of season 
(time when profile moisture reduces EARPE to 0.5).

b. Low: shallow Alfisol; medium: shallow to medium-deep
Vertisols; high: deep Vertisol. 

the crop growing periods and suitable crops, 
and in delineating isoclimes for the transfer of 
technology. 
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Benchmark Soil Studies:

A Means for Transfer of Agrotechnology
 

Tejpal S. Gill* 

Abstract 

A benchmark soil study is a cooperative effort of people dealing with standardizedagronomic research on weil-definedsoils that belong to the came taxa. It is, by design, anetwork. Research done on a benchmark soil produces data to be shared among testsites and extended to agriculturists managing the same soils. Experimental results
obtained in one country can be applied to sites on the same soil family in anothercountry. As the information base increases, itwill enhancea model of agrotechnology
transfer based on soil interpretation and classification.An international benchmarksoil
network is already in operation in Hawaii, Puerto Rico, Brazil, and the Philippines; It can
be expanded into a worldwide network to enhance food production with the help of theinternationalresearch centers and their outreach programs andthe agronomic researchprojects conducted by national programs at numerous in-country locations. 

Many specialists combine their talents and 
knowledge in agronomic research to develop
improved soil management practices for 
increased economic food production and 
resource conservation. Technology in discip-
lines related to food production changes so 
rapidly and at so many different places that it is 
becoming impractical for all political subdivisions 
to undertake experiments to solve each 
problem as it arises. The strain on available 
resources - people, time, land, and money 
too often overcomes the ability to respond
effectively; thus, shortcuts are needed in the 
struggle to alleviate food crises and futurefamines. 

An obvious shortcut is a sharing of know-
ledgobvious otrttde i rhaginrofnAledge of demonstrated agronomic responses. A

major difficulty is sorting out which information 
can be transferred to which location. There arecanybetanserreto whic lrouctere apre-
many options to try, numerous criteria to pro-
pose, and millions of previous triols and errors. 
The fragmented bits of information accumu-lated by generations of agriculturists through-

out the world are seldom known by others 
beyond the limits of their restricted communi-
cation networks. 

* Senior Program Manager, Office of Agriculture,
Development Support Bureau, U.S. Agency for 
!nternational Development. 

Pre)V'* 

Sharing is a fundamental attribute of human 
well-being, and is akin to love. One person, 
group, institution, or agency cannot share. 
Sharing is an active process that involves giving
and receiving. Nothing is shared that Is not 
received, thus mutual agreement isesental for 
a meaningful sharing of agronomic knowledge.
A benchmark soil study is an efficient way to 
improve tha certainty and momentum of the 
process of agrotechnology transfer. This pro
cess of transfer is one of sharing. 

An Overview 

Abenchmarksoil study isa cooperative effort ofpeople dealing with standardized agronomicresearch on well-defined soils that belong to the 

me axa. Soil sites are carefully selected toprovide homogeneity of soil properties and 
local landscape features that modify inter
actions with external climatic conditions. The 
soils for the study are classified according tosoil taxonomy, and similar slope and landscape 
poition are arloc ea sitc. 
positions are located for each site.The agronomic research is carefully designed 
and standardized for dil sites to assure com
parability of results. That is, the same land 
preparation techniques; varieties; insect, dis
ease, and other management practices; input 
variables; methods of harvest; and methods of

Elcank 
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analysis are used. Site variables, mainly cli-
matic, are also measured at each location, 
These cooperative research experiments are 
called transfer experiments because the results 
are evaluated to test the hypothesis of agro-
technology similarity among the sites. Addi-
tional soil management experiments are con-
ducted to expand the kind of information that 
can be linked among the locations, 

A benchmark soil study is, by design, a 
network. The experimental sites may be on!y a 
few miles apart, tens or hundreds of miles arart, 
or even thousands of miles apart. The crucial 
criterion is that the soils at the selected sites 
belong to the same soil family in soil taxonomy 
and that the phase conditions (slope, landscape 
position, erosion, etc.) are very similar. 

There are many benefits from a bonchmark 
soil study. The nature and degree of transfer-
ability of soil and crop behavior is quantified; 
consequently, economic returns can be deter-
mined relative to the local economies of the 
sites. The significance of site variables are 
better understood and the exchange of such 
information improves predictions of soil-crop-
climate interactions. Basic information of soil 
properties at the res3arch sites can be evaluated 
and suggestions made for updating and im-
proving soil classification. A final yield of a crop 
depends on so many factors that when a re-
sponse surface of one site can reasonably be 
predicted from others, there will be lots of 
additional information that can be transferred. 
The esprit de corps among th6 experimenters 
involved in the network is high. The anticipation 
of providing data relevant to a distant location 
and of obtaining meaningful results from ex-
perirnents conducted by others, prevails 
throughout the system. There is heightened 
excitement and satisfaction resulting from shar-
ing among equal partners in the challenge of 

food production. 

Concept of a Benchmark Soil 

Soils are fixed in space; consequently, crops 
have to be grown at specific locations. Some 
properties of soils can be modified easily if the 
res.-urces are available. Nutrients can be added 
to soi!s deficient in nutrients, water can be 
supplied to some and drainage provided for 
others, and surface soil structure can be altered 
by mechanical disturbance to improve aeration 

and moisture relationships for ge7mination and 
early growth of plants. Subsoil properties and 
landscape features, such as slope and aspect, 
are more difficult and costly to modify; thus 
many of these charaiteristics aro used to clas
sify and describe soils. Combinations of physi
cal, phemical, and biological properties of soils 
provide meaningful subdivisions of the earth's 
unconsolidated upper mantie. Dynamic pat-. 
terns of internal soil temperature and soil 
moisture commonly relate to landscape 
influences on external climatic conditions; they 
are important attributes of soils that can be 
measured and used in classification schemes. 

A benchmark soil is similar to other kinds of 
benchmarks in that it is a major reference point 
that facilitates comparisons in uncharted areas 
and also ensures that the current results ar
accurate for the intended purpose. A bench
mark soil in agriculture is a well-defined, prop
erly characterized, and correctly classified coil, 
whose extent, or uniqueness, is significant in 
the planning, development, and maintenance 
of the agricultural economy of a particular 
region. 

Recognition of benclma; .soilsdepends on a 
classification system that is 'comprehensive, 
can be adapted universally, and 'has 'criteria that 
are related to soil behavior when used for crop 
production. The soil family category in the 
hierarchal soil taxonomy stratifies the soils of 
the world into relatively homogeneous grouns. 
A soil family integrates climatic information 
important to plant growth with physical and 
chemical features that affect soil response to 
management. Soil families are subdivided in 
the lowest category into soil series that are 
restricted locallyand in many parts of the world 
are not mapped ard cassified. By using ap
propriate phases at the family level of classi
fication, soils with verysimilar landscapecondi
tions can be identified, mapped, and compared. 

A link exists among all soils of the same 
benchmark class wherever they occur in the 
world. They have a limited range of measured 
physical and chemical properties, as well as 
similarcharacteristicsoftemperatureandmois
ture reginies. The strength of the linkages de
pcnds on the consistent application of the 
criteria that provide the taxa of interest. 

What soils should be considered as bench
mark soils? Collective judgment of planners and 
scientists is needed to select those soils whose 
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present and/or potential use contributes sig-
nificantly t . a welfare of people through
improved food crop production and resource 
conservation. Some soils are selected because 
they are extensive and can be used to increase 
the amount of land under cultivation. Other 
soils may be selected because they respond
favorably to intensive management practices. 
Where the soils are, and what kind they are, is 
based on reliable soil resource inventories that 
provide information about land qualities. The 
selection process continues as long as there is 
need for refinements in developing and utilizing
agronomic research results. 

A Benchmark Soil Study 

Research done on a benchmark soil produces
data to be shared among the test sites and 
extended to agriculturists managing the same 
soils. Some minimum number of locations or 
sites is needed so that an important segment of
the range of conditions for a soil family can be 
evaluated. Weather patterns often vary over 
short distances and yet may be similar at widely
scattered locations; thus, weather is the most 
interesting influence at sites on similar soils,

The present international benchmark soil 
studies consist of one primary and two second-
ary sites in each country on each bencnrtirk 
soil being evaluated. As with other agronomic
research, it is necessary to have enough ex-
perimental sites to obtain sufficient data for 
statistically valid estimates of the effects of un-
controlled variab!es on crop yields. It appears
that five locations are the minimum; the 
optimum number of sites has not yet been 
determined. 

The underlying principle of a benchmark soil 
study is that experimental results obtained in 
one country can be applied to sites on the same 
soil family in another country. Some experi-
ments are conducted to continually test the 
degree of transferability of results. Other exper-
iments evaluate soil and crop management
practices and crop varieties. As more sites are 
added to a benchmark soil study, the so-called 
"transfer experiments" may some day become 
the "control or check" plots in an array of 
internationally coordinated experimental de-
signs. 

At all locations, the field operations, data 
collection, and data processing follow standard-

ized procedures and guidelines to assure com
patibility of results arnong the sites. Guidelines 
deal with land preparation, pest and disease 
control, field plot design, water management,
harvesting, and data collection of controlled 
and uncontrolled variables. 

As the information bas,, ;ncreases from 
benchmark soil studies, it will enhance a model 
of agrotechnoio, transfer based on soil in
terpretation and land classification. The details 
of the experiments that should be tried and the 
complexities of multidisciplinary aspects of ag
ronomic research can confidently be handled 
by the scientists associated with benchmark soil 
studies. Being personally involved in sharing is 
a phenomenal inspiration Gimd reward system
that scientists readil;" respond to. 

An International Benchmark
 
Soil Network
 

A major goal of a benchmark soil network is 
increased agronomic crop production consis
tent with growth and development of overall 
economic and environmental well-being of 
society. 

Increased production refers to more kinds of 
crop production, larger amounts of foodstuffs,
and quicker availability. The crops of immediate 
concern are those food and feed crops that 
sustain and nurture humans. Consistency with 
economic development implies that food and 
feed production is a subset of agricultural 
production and services, which in turn are one 
sector of importance in national and world 
economics. Environmental well-being refers to 
the urgent need to develop and maintain !ong
term sustainable agricultural production, not in 
any one location, but in a perspective of a 
worldwide network whose ;nteractions affect 
everyone. 

An international benchmark soil network is 
not just a concept or a dream; it is becoming a 
working reality and will probably expand as the 
results of the current soil studies become more 
widely known. Sharing finances, sharing com
petent research scientists, and sharing respon
sibilities for aneedy world is;is appealing as it is 
just good common sense. 

The ingredients for an agronomic crop pro
duction network founded on well-defined 
benchmark soils exist throughout the world. 
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How best to measure and blend these ingve-
dients needs the immediate attention of dedi-
cated people who want to be active partners in 
sharing. The raw materials need to be refined to 
achieve better and quicker results. 

The important scientific ingredients include: 
1. A universally recognized system of clas-

sification to identify soils having similar 
characteristics. Soil taxonomy is a work-
able scheme that is widely accepted. The 
refinements needed to satisfactorily iden-
tify and consistently classify soils in the 
tropics are receiving careful attention, and 
testable recommendations will soon be 
made. This system is sufficiertly com-
prehensive, quantitative, and flexible to 
accommodate new research re ;uits. 

2. 	Adequate soil resource inventories, soil 
analysis, and soil interpretation programs 
within countries. Sharing experiences of 
operations and quality control of these 
programs needs to be expanded. Helping 
each other in training and evaluation pro-
cedures will help ensure consistent use of 
soil taxonomy and its application to soil 
surv"y activities, 

3. A workable international soil correlation 
nietwork, including a manageable soil data 
bank. High-quality agronomic research is 
very expensive and if the soils are impro-
perly identified the extent of transfer is 
poorly known. A computerized scheme of 
data handling will let soil scientists 
adequately backstop the efforts of other 
scientists involved in agronomic research. 

4. 	A sound, reliable program for standardiz- 
ing agronomic research that evaluates 
transferability and pinpoints site-specific 
conditions. Science provides predictions 
based on measured relationships. 
Techniques and procedures that are not 
compatible produce results that cannot 
easily be used to test predictions, and 
progress in increasing crop production is 
hindered. Ideas and working concepts 
from many disciplines are desperately 
needed to make this program viable, 
Pathologists, entomologists, agrono-
mists, hydrologists, economists, 
pedologists, conservationists, and others 
can contribute to the scientific soundness 
of meaningful research. 

5. Competent crop and soil scientists guiding 

the work at research sites that are linked 
together in a global network. Isolation is 
no excuse for incompetence in this plan 
because isolation is only physical location. 
Equal partners in a sharing of knowledge 
implies that communications must be 
easy and mutual respect is maintained. 
T:-is is critical for planning, implementing, 
and evaluating the research activities 
agreed on.
 

6. 	 Information systems capable of proces
sing, evaluating, and disseminating 
agronomic research results. Horizontal 
transfer links research sites around the 
world, but vertical ttansfer direucts atten
tion to the country or locale where adop
tion is intended to occur. The skills and 
techniques of vertical transfer are as var
ied as the dialects and traditions of the 
agriculturists whose privations prompt 
our desire to slhre. We must receivB in 
order to be able to give if we want to share. 

Scientifically, the capabilities exist to refine 
and extend the above consideraions into a 
viable agronomic research network. The rate of 
expansion of the network, the scope of the 
various research activities, and the interactions 
both horizontally and vertically depend more on 
political decisions than on scientific know-how. 
The shortcut of effective and efficient transfer of 
agrotechnology based on soil interpretation 
and land classification is scientifically feasible. 

A Potentlel Framework 

The United States Ar,;ncy for International 
Development has supported the concept of a 
soil-based network of agronomic crop research. 
Research projects on agrotechnology transfer 
in the tropics based on the soil family continue 
to develop and test the hypothesis of soil 
management and crop yield transfers from site 
to site. In addition to these projects in Hawaii, 
Puerto Rico, Brazil, the Philippines, Indonesia, 
and Cameroon, there are the international cen
ters and their outreach programs. National 
research centers also conduct agronomic crop 
research at numerous in-country locations. 

The basic infrastructure is in place. For ex
ample, the far-reaching implications of tho re
search here at ICRISAT can be offered to areas 
of the semi-arid tropics having the same soil 
families. The black soils (Vertisols) are domin
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antly fine, montmorillinitic, isohyperthermic
Udorthentic Chrornusterts and the red soils 
(Alfisols) are dominantly clayey, mixed,
isohyperthermic Rhodic Paleustalfs. Three 
other soil families also occur at ICRISAT, and 
crop response information can be provided for 
testing transferability. Stanr:zdized agronomic 
research on these same soil families by
cooperating scientists will form the links of 
other benchmark soil studies. 

Join!ng the present family links among the 
Hydric Dystrandepts, Tropeptic Eutrustox, and 
Typic Paleudults will be family tie-ins with the 
Typic Rhodustalfs on the Malia Illuppallana
Agricultural Research Institute in Sri Lanka, and 
others with the Oxic Paleustalfs at IITA in 
Nigeria. 

Soil data banks are receiving soil information 
from experiment stations in many countries, 
Cooperation in analyzing and identifying soils 
of unsure placement strengthens the com-
munications among scientists in far-off places.
Newexperiment stations are being set up, more 
outreach programs are under way, and the 
exchange of information that leads to effective 
transfer increases daily.

Eventually the experiences of hundreds of 
researchers will be able to be utilized by hun-
dreds more. The scientific ingredients exist;
they need additional refinement; they require
the cooperative endeavors of many to bring
about a global network of agronomic crop
production based on well-defined soils into a 
truly international sharing of agrotechnology
transfer. 

A Network Vision 

The initial hypothesis testing if transferability is 
being done with the following soil families:
(1) thixotropic, isothermic Hydric Dystrandepts, 
(2) clayey, kaolinitic, isohyperthermic Tropep-
tic Eutrustox, (3) clayey, kaolinitic, isohyper-
thermic Typic Paleudults. 

The soil families that occur at the inter-
national centers - IRRI, IITA, ICR!SAT, CIAT,
CIMMYT, WARDA, CIP, and ICARDA - need to 
be matched with areas having the same soil 
families. Cooperative standardized crop experi-
ments can be established and results shared. 

The soil families at existing regiona' and 
national agricultural research locations can also 
be identified, and corresponding areas of the 

same soil families can be located. 
Using this information as a nucleus, it will be 

possible to consider where and how to join
additional benchmark soil studies into an inter
national network. Preliminary strategies likely
will be based on agroclimatic regions or zones 
and on known or expected areas of similar soil 
potentials. 

Agroclimatic regions outline areas within 
which climatic variations are less than the 
whole. The rarige of uncertainty is limited. Soil 
taxonomy acknowledges soil climate as an 
interaction between external climate and land
scape features that may be measured in the 
soils. Thus, classifying soils in the family cate
gory identifies groups that also have a limited 
range of climatic variability. Major permanent
modifications of climate or of soil on a large
scale is not feasible and probably is not en
vironmentally wise; therefore, climate and soil 
arethe main resources that must be understood 
to provide the basis for efficiently and effec
tively increasing food production of adapted 
crops and systems of management. 

Agroclimates and soil families are seldom 
ideai. However, to the extent that their proper
ties are adequately described, so are the major
limitations that must be managed to strive 
toward the ideal. Benchmark soil studies at
tempt to resolve the soil management practices
needed to permit the climate and crop to re
spond favorably i, the specified soil. Eco
nomic evaluation of the results suggests
whether successful farmers are likely to choose 
the practices recommerded as being transfer
able. 

Benchmark soil studies do not work with ideal 
soils or climates, but they are designed toprovide guidance on how to maximize effort in 
approaching the ideal. 

If we assume for a moment that 80 to 100 
agroclimatic zones significant for most food 
production can be adequately described and 
located, and the three soil families in each zone 
bracket most of the important soil conditions, 
there are potentially 250 to 300 unique combi
T..--Lions that would some day belong to an inter
national network. If each combination has 
experiments at three locations and each has 
several satellite sites, the number of experi
ments becomes very large. 

Obviously, priorities will have to bb set by
responsible organizations utilizing the best in
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formation available. For example, are there 15 
agroclimates that are most critical for maintain-
ing and increasing food production, nd can 
two soil families in each be selected that domi-
nateuseandeconomicdevelopment?Thechal-
lenges are there and so is the opportunity to 
becona a partner in the sharing of agrotech-
nology. 

Information systems that not only handle soil 
and crop performance data, but, more impor-
tantly, facilitate the evaluation and dissemin-
ation of relevant transfer information are a 
must. Horizontal transfer of research findings 
can save millions of dollars and speed up 
solutions to production problems, but the true 
meaning of sharing can only be realized when 
vertical transfer to agriculturists results in thei 
improved well-being. 

Benchmark Soil Studies 
in the SAT 

How well can a yield of the same crop under the 
same management be predicted for the same 
field for the next growing season? Forecasting 
the future of a crop yield is like the game of 
life -it is full of uncertainty. Based on prior 
knowledge, we predict a continuing trend of 
events to occur, and if we could but control 
enough of the variables we would feel fairly 
confident of the outcome. In research 
laboratories controlled experiments can be 
conducted to examine the relationships and 
effects of carefully designed varizbles. Extrapo
lation to field conditions is often fraught with 
conflicting responses. 

Longtime averages, fluctuations, and recur
rence intervals of droughts or of floods provide 
insight but no guari.-tees of successful pre
diction. Perhaps we set our goals too high, or 
perhaps we 1,ave not been able to obtain satis
factory relatiorships between probabilities of 
reasonable success and the complexities of risk 
that underlie accaptarce znd application of 

change. 
The mysteries of climatic vagaries make us 

painfully aware that water is the dominant 
natural constraint to increased and stabilized 
agricultural production in the semi-aid tropics. 
Combined with the wide range of soil condi-
tions that alter the behavio" of moisture and the 
final influecne on crops, the problems appear to 

be understood far sooner than aretheeconomi
cal solutions. 

Shortcuts to potential solutions are indeed 
desirable. Better models of agroclimates, better 
models of soil moisture behavior, better un
derstanding of crops and cropping systems that 
utilize the available moisture, and improved 
understanding of socioeconomic constraints to 
measured agricultural production are all parts 
of the effort to provide shortcuts. 

C.-mbining precious resources that speed up 
reliable answers and increase the implement
ation of effective practices makes a lot of sense. 
Cooperative work that brings together the scat
tered resourc,, of a troubled world is feasible 
and practical. Ashortcut of considerable impor. 
tance is a network of agronomic crop research 
conducted by competent scientists on well
defined soils. Properly classified soils, compati
ble experimental designs, consistent conduct of 
research, information systems that work, anc: a 

concern for the needs of development at all 
levels of interest will make the network a work
ing reality. Everyone can contribute, everyone 
is important, and the benefits accrue to all. The 
expansion of benchmark soil studies into a 
worldwide network can work; it has already 
started. Please give serious thought to your 
role, your obligation, your responsibility, and, 
most important, your opportunityto encourage 
and to -ssist in brirging about a system of 
global ;,-terchange of information on food 
produ.cion. 
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Watershed Management and Technology Transfer
 
on the Semi-Arid Tropics 

Jacob Kampen* 

Abstract 
Frequent shortfalls in food production and a deterioration of the productive capacity ofthe resource base have become common in many areas of the SAT. Watershed-basednatural resource development, which involves the optimum use of the watershedprecipitation through improved water, soil,and crop management, has the potential tocontribute significantly to greater productivity and resource conservation. The development of improved watershed management technology adapted to what farmersrequire, is a complex andlong-term task; all land uses, including grasslandsand forests,must be considered. To attain successful agricultural development, ICRISA T's responsibility consists co the generation of improved research methods, cooperative investigations focused on operations research and the integration of new technology, and
training programs. 

Many areas in the semi-arid tropics (SAT) are 
currently characterized by rapidly increasing
populationm. Shortfalls in agricultural produc-
tion have become common in several regions of
the SAT. The greater demands for food have 
resulted in a need for fundamental changes in 
the production systems that were characteristic 
of 	rainfed areas. Shifting cultivation is being
replaced by permanent agriculture, and far-
mers' attempts to further increase production 
have caused an extention of cultivation to
marginal lands that are frequently subject to 
crop failure due to lack of moisture. Increased 
numbers of animals are changing the hyd-
rologic characteristics of vast areas of grazing
lands (Kampen 1974). The demand for wood as 
construction material and fuel has resulted in
the denudation of forest lands. 

The Needs 

This intensification of land use in the traditional 
agricultural setting is self-defeating, because it
is exploitive and results in greatly increased 
runoff and soil erosion, reduced groundwater
recharge, downstream flooding of agricultural
lands and cities, as well as an accelerated 
sedimentation of reservoirs that negates irri-

Principal Scientist, Land and Water Management,
ICRISAT. 

gation and power investments. As a result, the 
land resource base is shrinking and its pro
ductive capacity diminishing. Thus, resource 
management that more effectively conserves 
and utilizes the rainfalland thefertilityofthesoil 
and new crop production systems that maintain 
productivity and assure dependable harvests 
are urgently required (Krishnamoorthy et al.
1977). Mechanisms must be found to attain 
sound husbandry of those lands most suitable 
for pastures and trees. 

In rainfed agri.nulture, the only source of
available water is the rain that falls on a given 
area. Runoff, erosion, and drainage represent
serious problems for many areas in the SAT,
and the solution to these problems lies in 
evolving development programs that recognize
the natural topography and the drainage pat
terns of the land. Inmany areas, it is not unusual 
to experience significant quantities of runoff at 
one time of the season and serious drought atanother time. The collection of excess water 
and its utilization to provide greater stability to
rainfed agriculture appears to be a viable de
velopment alternative in such areas, particu
larly if soils are shallow (Krantz et al. 1978).
Thus, the watershed', or catchment, is the 

1. 	"Watershed," strictly defined, refers to the divide 
separating one drainage basin from another; inthis paper the term "watershed" is considered 
syolonymous with catchment and drainage basin. 
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natural framework for resource development in 
relation to crop production systems and te-
source conservation and utilization, 

The Approaches 

Watershed-based resource utilization involves 
the optimum use of the area's precipitation for 
the improvement and stabilization of agricul-
ture on the watershed through better water, 
soil, and crop management. More effective 
utilization of water for the production of crops 
can be facilitated by one or more of the follow-
ing means: (1) directly by improving infil-
tration of rainfall into the soil and thus mak-
ing more soil water available for plant use; 
(2) through drainage, collection, storage, and 
re-utilization of runoff; and/or (3) by water re-
covery from wells after deep percolation beyond 
the root profile, 

The need for development, conservation, and 
management of land and water resources is 
acknowledged. However, many small farms 
and fragmented land parcels- and often 
several different land uses-together com-
pose a watershed: their presence must be 
accommodated within efficient watershed da
velopment and management techniques. In 
many situations group action may be required 
to attain the desired objectives. 

The diversity of environments encountered 
in the SAT is recognized. The problems of 
technology development and transfer oi new 
information to farmers in this ecological zone 
are difficult to solve because the moisture envi-
ronment is unreliable and because the appropri-
ate practices will be complex (Virmani et al. 
1979). Improved technology will relate to crop, 
variety, fertility, management. land develop-
ment, water conservation, etc. In the end, mill-
ions of often illiterate farmers with little capital 
orlandmustlearntoapplythetcolsofscienceto 
extract more food and ultimately a better 
quality of life from their hostile environment, 
Compromises must be found between private 
short-term goals and common long-term objec-
tives. The challenge is great. 

The Implications 

The envisaged implementation of integrated 
agricultural development programs, adapted to 
the specific requirements of different agro-

climatologic and socioeco.onic regions, has 
several important implications for rest3rch and 
training, Much greater ntrtion must be paid to 
hr.1istic investigations of *ihecharacteristics of 

existing land use and farming systems, the 
relationships; betwenr different system corn
ponents, and the potentials and weaknesses of 
improved production methods involving food 
and cash crops, livestock, forages, and trees. 
Also, to facilitate such integrated development 
approaches, a greatly increased effort in terms 
of on-farm research must be evolved; applied 
research programs involving interdisciplinary 
teams of scientists working together with de
velopment agents are required. Such projects 
can be effectively used for training and for 
studies of group action potentials. It is in this 
setting that the essential involvement of far
mers in technology development becomes 
feasible and that the desired feedback into basic 
and applied studies executed at research in
stitutions can be generated. 

Watershed-based Resource
 
Development, Management,
 
and Utilization
 

PastResourceDevelopmenteAttempts 

Until a few years ago, little attention was paid to 
the SAT in terms of agricultural research and 
with regard to resource development projects. 
Except for cash-crop agriculture on steepslopes 
of considerable elevation, the crops and farm
ing systems common in most of the SAT have 
only recently caught the attention of scientists. 
In the past, some of the approaches to amelior
ate the problems faced by farmers in the rainfed 
SAT have been: (1) to meet droughts and food 
crises by emergency relief programs, (2) to 
fallow heavy soils such as Vertisols during the 
rainy season in an attempt to accumulate a 
moisture reserve in the profile for growing a 
crop in the subsequent dry season, (3) to con
struct bunds as a soil and water conservation 
practice, and (4) to develop irrigation facilities. 

The "crash" resource conservation and de
velopment schemes implemented as part of 
relief programs have not resulted in improving 
the stability and long-term productive potential 
of tho, environment. Cultivated fallow on deep 
Verds )Is is questionable because of the erosion 
hazaril; this practice also frequently resuits in 

112 



only a small portion of thetotal seasonal rainfall 
actually being used for crop production (Kern
pen 117). It has not been possible to identify 
any results ofcontrolled experiments that show 
significant and stable crop yield increases due...... 
to moisture conservation by contour bunds in 

............................... 
...... 

.. 

the SAT of India OICRISAT 1976, 1979). Experience with Irrigation in the SAT shows that 
conventional projocta usually p,- Ade continu-
ous water on a seasonal basis to crops with high::. 

.. ... 0...... 

water requirem. ents, . such. rice. and . sugar-.. . . . as . . . 

cane; th jy do not presently have the flexibility
required to act In a supplemental fashion. Few 
serious efforts have been made to explore how.. . . . .. . 

the limited available water resources can be 
used to stabilize and support larger proportions.......
 

of rainfed agriculture for the benefit of a greater
number of farmers. 

Thus, past approaches to resource develop
ment to increase agricultural production in the 
SAT have achieved only limited success (Kam-
pen 1974). These development efforts have not 
been planned and executed on the basis of the 
natural drainage basins, nor have they recog-
nized the basic climatologic and soil charac
teristics of the SAT (Kampen and Burford 1979).
Some of the techniques discussed have un-
doubtedly had benefical effects in limited areas; 
however, they have not provided the break-
through in soil and water conservation and 
utilization that is imperative for rapid develop-
ment of agriculture in the SAT. 

The Watershed as a Focus
 
for Integrated Agricultural

Development 

On watersheds exceeding a few hundred hec-
tares in size, two major hydrologic zones can be 
distinguished (Fig. 1). In the upper reaches of a 
catchment is the "zone of recharge," where the 
net movement of water is downwards; after 
moistening the root profile, excess water dis-
charges into groundwater. In the valley bottoms 
is the "zone of discharge;" here the net move-
ment of water is generally upwards. A transition 
zone represents the variation that will occur in 
wet vs dry years. In earlier times the upper
reaches of watersheds were covered with 
forest, shrubs, or grass, which helped promote
infiltration into the soil and discharge to the 
groundwater. However, with the removal of 
trees and with more intensive agricultural use, 

.- . . _.. 
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Figure 1.	A schematic drawing ofa watershed 
showing the zone of groundwater 
recharge, the zone of groundwater 
discharge, and the transition zone. 
Potential locations for wells and 
tanks (smallrunoffwater reservoirs) 
are also shown. 

runoff and erosion have increased. This situ
ation has resulted in less water being actually
available for plant growth in the uplands; often 
or iy a relatively small porticn (about 20 to 50%)
of the annual rainfall is used for evapotranspira
tion during the crop growing season (Kampen
1979). The rest of the precipitation evaporates
from bare soil, particularly under cultivated 
fallow; drains beyond the root profile; and/or 
runs off the surface of the lanti. Thus, new 
resource development and r iservation 
technioues are required to improve the crop
growth environment on these lands. 

Improved, in situ soil and water conscrvation 
measures and more suita')Ie and productive
cropping systems can considerably increase 
effectively used rainfall and decrease runoffand 
erosion (Thiersteln 1979, Willey et al. 1979). At 

113 



ICRISAT, cultivation in graded broadbeds has 
been explored as one alternative tested on 
operational-scale watersheds. In cases where 
significant quantities of runoff occur in most 
years, small storage reservoirs for supplemen-
tal irrigation may be feasible in the uplands. To 
prevent rapid silting of tanks, the contributing 
catchments (even if they are not cultivated but 
used fo- grazing or forestry) need to be well 
managed so that little erosion occurs. The hard 
rock strata that underlie most of the Vertisols 
and Alfisols of the SAT generally provide 
meager water aquifers. Agriculturally sig-
nificant groundwater is often related to the 
small drainageways in the lower reaches of 
watersheds; opportunities for wells in this area 
may be explored (Fig. 1). 

Bunding and watershed-based land- and 
water-management systems, consisting of 
graded brcadbed cultivation with protected 
grassed waterways and runoff storage where 
needed, employ different concepts of resource 
conservation, management, and use (Fig. 2). 
With bunds, excess water flows in concentrated 
fashionthroughminordepressionsontheland, 
collectsatthebund, andisthenimpoundedona 
relatively small area or forced to flow acr. .sthe 
slopeandoutofthewatershedwhereitisfinally 
disposed of in heavily grazed, uncontrolled,and 
often erosive drainage systems (Fig. 2a). Ero- 
sion between bunds can be substantial; in-
adequate bund maintenance often results in 
breaches. With cultivation to broadbeds, water 
management and control begins on the culti-
vated land itself (Figs. 2b,2c). Excess water is 
allowed to flow throuyn small furrows to a 
grassed drainageway and is then safely con-
ductedtoa tank. The flow velocity ofthe water is 
controlled by the slope of the broadbed system 
on the land and, where required, by drop 
structures in the drains. 

On-farm Development 
and Implementation of Watershed 
Management Tezhnology 

Given the specific characteristics and needs of 
each area, few "handbook" development pre-
scriptions can be expected to evolve. Although 
the principles for development may be clear, 
the ultimate task of findirg appropriate solutions 
for the specific problems encountered in agiven 
area will have to be assigned to technicians, 

extension agents, and, ultimately, directly to 
farmers. To fulfill their responsibility effectively, 
the technical staffwill have to acquire the ability 
to "invent" the most appropriate solutions to 
eacn particular situation rather than to apply a 
given set of rules. Thus, a vast training program 
will be required, aimed at increasing under
standing of the limitations, constraints, and 
potentials of present farming systems and the 
requirements of imp~roved production 
technologies, as well as their adaptation and 
application. Such training programs, to be con
vincing and effective, may be best executed in 
the setting of on-farm operat;ons research pro
jects. 

A small, on-farm watershed development 
project on Alfisols near Aurepalle -executed 
as part of cooperative research involving the 
Andhra Pradesh Agricultural University, the 
Indian Council of Agricultural Research (ICAR) 
and ICRISAT- illustrates the requirements 
and costs involved. The watershed area is about 
12 ha and belongs tc five farmers; it was 
developed during the dry season of 1978-79 
when normally draft animals were idle and 
labor was underemployed.2 The farmers were 
involved in all the planning siages and partici
pated in the development activities. Land de
velopment consisted of the removal of stones 
and brush, a thorough cultivation, land smoo
thing, drainagewayconstruction, and the initial 
layout and implementation of the semiperma
nent, graded broadbeds (Fig. 3). An existing 
shallow well was also rehabilitated; water will 
be used for supplemental irrigation. The total 
development costs amounted to about Rs. 
450iha (U.S. S56). The total cost of constructing 
2500 m of waterways was Rs. 894; the cost of 
five small drop structures was Rs. 574. Thus, the 
cost of drainageways amounted to [Is. 1251ha 
($16). Land smoothing was relatively expensive at 
Rs. 67/ha; the initial cultivation cost was Rs. 62/ 
ha, and the ridge marking operation was Rs. 58!ha. 
Less than 10% of the total costs consisted of 
capital expenditures; the rest of the charges 
were paid for locally hired labor and bullocks. 
Reconstruction ofthewell cost about Rs. 1351ha 
($17), 60% of which consisted of capital expen

2. Costs were accounted for on the basis of the 
following rates: Rs. 5 and Rs. 3day for male and 
female labor, respectively, and Rs. 10 day for a 
bullock pair exclusive of the operator. 
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Figure 2. A Vertisol watershed with three alternative soil and water conservation and manage
ment practices illustrated for the same watershed. The broadbed (150 cm)-and-furrow
system at 0.6% slope within the field boundaries (Layoutb)was established 5 years ago
and still exists.Layout c shows the same permanent broadbed-and-furrow system with
field boundaries removed, a grassed waterway, and a tank. Contour bunds (Layout a) 
are seldom allowed by farmers as they do not want theirsmall fields bisected. Therefore,
the bunds are placed on the field boundaries, and problems of water stagnation and 
bund breaching occur. 

115 



Figure 3. 	 Initial marking of the semi
permanent broadbeds after land 
smoothing in the Andhra Pradesh 
Agricultural University-ICAR-
ICRISA T cooperative research pro-
ject on watershed development on 
Alfisols at Aurepalle. 

ditures for granite stones and cement. Almost 
half of the development costs we - borne 
directly by the farmers. The watershed was 
planted to sorghum, a millet'pigeonpea inter-
crop, and castor early in the rainy season of 
1979. Similar projects have been initiated near 
Kanzara and Shirapur (Fig. 4). 

The Operations Research 

Concept to Facilitate 

Technology Development 

and Transfer 


Several components of the systems of farming 
now common in the SAT must be improved 
simultaneouslyto attain substantially increased 
and more stable production (Kampen 1979). 
Thus, there is an urgent need for the integration 
of new techniques into technically and econo-
mically viable farming systems that fit major 
constraints nowfaced by farmers. Such integra-
tion is mos. effectively studied in operational-
scale systems research at research centers and 
on farms. 

At Research Centers 

In studies on resource utilization for the SAT, 
the central objective is to make the best use of 

Figure 4. 	Planting of a millet-pigeonpea In
tercrop on broadbeds in the 
Mahatma Phule Krishi Vidyapeeth-
ICAR-ICRISA T cooperative research 
project on Vertisol watershed de
velopment at Shirapur 

the rain that falls on a given area. In order to 
study water as an input, small, natural water
sheds were chosen as a unit for research at 
ICRISAT and in cooperative projects with the 
ICAR. Alternative land- and water-management 
techniques are simulated and evaluated on 
Alfisols and Vertisols. Improved cropping 
systems are superimposed on these treat
ments; these consist, for example, of intercrops 
of maize or sorghum with pigeonpea, sequen
tial crops of maize and chickpea, etc. All cultural 
operations are executed using two of the impor
tant resources of farmers in the SAT: labor and 
animals for draft power. Thus, these water
sheds are operational-scale pilot plants where 
the integrated effect of alternative systems of 
farming on productivity, resource use, and con
servation can be monitored and evaluated, and 
where feedback to specific projects is gener
ated. One successful means of transferring 
resource management technclogy from these 
operations research projects to similar envi
ronments is the use of agroclimatic classifica
tion and simulation approaches (Virmani et al. 
1979). 

On Farms 

Region-specific knowledge on improved soil 
and water management must be developed 
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through the initiation of small-scale (10 to 50 ha),
on-farm watershed management projects. To 
ensure success of the.ie projects and to build 
the foundation for regionwide implementation 
and long-term continuity, these programs 
ought to be part and parcel of the activities of 
existing research institutions and coordinated 
research projects with involvement of action 
departments at national and state levels. Lead-
ership must be provided by state and university
staff. Participation of scientists in soil and water 
engineering, crop improvement, agronomy, 
economics, and sociology during the phases of
project development, execution, and evaluation 
will be necessary; farmers must also be in
volved in decisions on appropriate resource 
development and watershed management.
ICRISAT can facilitate the initiation of such 
projects through participation in cooperative 
research at afew carefully selected, representa-
tive locations.

Integrated on-farm projects for operations 
research on natural resource development
would ideally consist of four distinct phases:
the collection of basic data, the design of an 
improvement program in which farmers par-
ticipate, the implementation, and the evalua-
tion. Successful execution of such applied re-
search programs in representative agroclimatic
regions will probably require not less than 5 
years. Such projects will serve an important
training function. On-farm projects are consi-
dered essential to facilitate farmers' acceptance 
and to prepare the ground for later regionwide,
continuing programs aimed at improvcd 
watershed management. 

Regional research programs for improved
watershed management would have a number 
of primarily technical objectives related to the 
specific agroclimatic environments. However,
each project should also be aimed at three 
goals, which are of critical importance: 

1. To develop holistic soil-, water-, and crop-
management technology that supports
the maximization of economic and social 
returns, especially to the less advantaged
cultivators; to test if efficient labor-inten-
sive rather than capital-intensive technol, 
ogy can realize this objective; to involve 
farmers in the technology development 
process. 

2.' To shorten the time lag between the de-
velopment of new soil, water, and crop 

management technology at research insti
tutes and its application on farms; to test 
the profitability and applicability of re
search results under on-farm conditions; 
to provide feedback on priority research 
needs to scientists. 

3. To evolve, through field research, guide
lines on the desirability and the required 
incentives for group actin in the de
velopment of natural resources and the 
operation of new watershed management 
systems. 

Benefits from On-farm Operations 

Incidental to achieving t-jse major goals,
applied on-farm research programs in water
shed management are envisaged to have an 
impact on several other development issues. A 
significant contribution would be made to:0 Assist in building institutional resources 

for research, training, and implementation 
of soil- and water-management technology; 
find ways to directly involve research and 
training institutions and graduate and 
postgraduate students in field research 
programs aimed at the solution of urgent 
resource management problems; increase 
the awareness and understanding of re
searchers with regard to field problems.

* 	 Facilitate the acceptance of improved soil
and water-management technology by
farmers through investigation and, where 
possible, removal ofexisting constraints of 
social and/or economic nature; enhance 
the establishment of "field laboratories" 
where further data aimed at project evalu
ation, improved research, and design
could be collected; where technical solu
tions and organizational frameworks could 
be tested; where new crops, varieties, and 
cropping systems could be tried under 
improved on-farm conditions; where 
technical staff of action departments could 
be trained; and where the potential impact
of an integrated improvement program 
could be demonst-ated. 

0 	 Help bridge the apparent gap between 
those professionals and organizations in
volved in planning and construction of 
engineering works for soil and water con
trol and management and the farmers who 

117 



make use of these works in an agricultural 
production process. 

" 	Collect evidence on the need for a legisla-
tiveframework providing thesocial control 
imperative for effective resource develop-
ment and watershed management. 

" 	Improve the planning and execution of inter-
disciplinary programs aimed at improved 
watershed management by upgrading the 
training and procedures at district and 
state levels; train extension workers to 
help farmers make efficient use of soil and 
water resources and new technology, and 
to adjust to new forms of organization and 
changes in their social and economic envi-
ronment. 

* 	 Extend successful concepts evolving from 
on-farm research. Although area differ-
ences will result in alternative forms of 
implementation, improvements in (and 
realization of) the agricultural potential at 
locations selected for operations research 
will have a significant impact on important 
segments of rainfed agriculture. 

Cooperative Studies on Alternative 
Integrated Development Approaches 

Before natural resource development projects 
integrated into agricultural production pro-
grams are applied to large rainfed areas, it is 
advisable to identify and test the most promis-
ing technical, organizational, and financial de-
velopment approaches on larger watersheds 
(exceeding 1000 ha). A few representative 
regions - in terms of land uses, crops, soils, 
and rainfall -could be selected to test theviability of alternative agricultural development 

approaches and to monitor results and costs as 
well as other recluirem'ents. The goals of such 
cooperative research projects would be: 

o 	To determine sufficiently accurate and 
feasible procedures for surveys and quan-
tification of the natural resource base. 3 

" 	 To select, in consultation with farmers and 
development agencies, two or three viable 
solutions and implementation methods.• 	 To integrate overall land use planning and
impTomintegat (foraln hortitus ning, a 
implementation (forage, horticulture, silvi-
culture) with development of the resource 
base for food and cash crop production. 

* 	 To monitor progress and identify 
bottlenecks, to feed information back to 

research centers; to determine cost and 
rerjults with action agencies. 

* 	To train technical development staff in 
innovative implementation of new re
source mrnagement and utilization 
technology across large areas. 

Involvement of farmers in selecting and 
adapting technical solutions to a particular re
source environment should be sought rather 
than implementing just one selected "pac
kage." Assuming that enough is known to arrive 
at integrated, effective solutions, these studies 
on development alternatives would contribute 
greatly to maintaining a problem-oriented 
focus for research institutions. It is evident that 
ultimately agricultural development programs 
succeed or fail with the quality of the staff 
involved in implementing such projects. The 
suggested cooperative studies would provide a 
real-world setting for in-service training of large 
numbers of technicians. Successful projects 
would also serve a demonstration function for 
technicians and farmers from other areas. 

Conclusions 

Present farming systems in the SAT are charac
terized by loi- and undependable yields and by
an inefficient use of the rains and the soil. Thus, 
substantial improvement in the productivity of 
the resource base is required. Recent results 
from operations research at centers and on 
farms indicate that this goal can be attained 
through watershed-based natural resource de

3. For example, ina typical regicn on Alfisols on the
Deccan Plateau, the resource survey might include
quantitative measurement of the soil water
holding capacities and the present water balances 
of tank systems; representative wells would be 
studied in terms of the efficiency of water utiliz
ation. Existing records would be used to determine 
the approximate magnitude of different compo
nents of the water balance of cultivated, grazed, 
and fallow areas. On the basis of such investi
gatlons, priority problem identification and the
selection of potential solutions would be feasible.
One should determine what mght be done to 
better utilize the already available infrastructure 
before newland cnd water development programs 
are designed and implemented; short-term and 
long-term reource development goals would be 
set. 
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velopment andlianagement and the introduc-
tion of improid cropping systems. 

Watersh~based natural resource develop-
ment andse ultimately involves the optimum 
utiliza;h of the water and the soil to the benefit 
of thpeople inhabiting the land. Cooperative 
Ollations research programs must b"strength-

,fed so that integration of new technology 
is emphasized, interdisciplinary researcil is 
facilitated, farmers are involved in technology 
development, and group action questions are 
sGIved. Training of scientists and development 
workers inholistic approaches isessential. 

Only sustained, integrated development 
programs - executed by well-trained pro-
fessionals and supported by problem- riented 
app!'$ad research projects -will have the de-
sired impact. No short-term, miracle solutions 
should be expected. 

ICRISAT's task in facilitating the transfer and 
eariy implementation of waersihed-manage-
ment technology i-t theofold: (1) to devejop 
effective and efficient re;earch methodologies 
aimed at the qeneration of new farming 
systems; (2) to involve national research and 
extension agencies in the generation of viable 
tecnnology and transfer methods throug'h 
cooperative research proglams at rcearch 
centers and on farms; and (3) to asnist the 
development of manpowerto initiate and guide 
a gigantic training program aimed not only at 
technicians but also at farmers. 


References 

ItZRISAT. 1976. ICRISAT annual report, 1975-76. 
India: ICRISAT, Patancheru, A.P. 502 324. 233 pp. 

annual report, 1976-77.ICRISAT. 1978. ICRISAT 
India: ICRISAT, Patancheru, A.P. 502 324. 239 pp. 

KAMPEN, J. 1974. Water conservation practices and 
their potential fo, stabii;,-ing crop production in the 
semi-arid tropics. Pages ;82-197, Annex II,in Pro
. .edings, FAC)UNDP International Expert Consulta

tion on the Use of Improved Technology for Food 
Production in Rainfed Areas of Tropical Asia, 1-7 
Dec 1974, Hyderabad, India. 

KAMPEN, J. 1977. The development and use of land 
and water resources in rainfed agriculture. Pre
sented at the Workshop on Approaches and 
Methodologies for Development of Groundwater 
Resources. National Geophysics Research Institute, 
26-30 May 1975, Hyderabo'd, India. 

KAMPEN, J. 1979. Farming systems research and 
technology for the semi-urid tropics. This sym
posium. 

KAMPEN, J., and BURFORD, J.R. 1979. Production sys
terz, soil-related constraints and potentials in the 
somi-arid tropics with special refererce to India. 
Presented at the Confeence on Priurities for Alleviating Soil-related Constraints to Food Produc
tion In the Tropics. Intcrnational Rice Research 
Institute (IRRI), 4-8 June 1979, Los Barlos, Laguna, 
Philippines. 

KRANTZ, B.A.,KAMPEN, J.,andVIRMANI, S.M. 1978.Soil 
and water conservation and utilization f.incrr ,sed 
food prod.ction n the semi-aric tropictl. Pre.;nted 
atthe Eleventh Congress ofthe interntiowal Society 
of Soil Science, 19-27 Jt,:,o 197,, Edmonton, 
Canada.
 

KRISHNAMOORTHY, Ch., CHOWDHU9Y, S.L., ANDERSON, 

D.T., and DRYDEN, R.D.1977. Cropping syEtEm for 
maximizing production under semi-ari coreitions. 
Indian Council of Agricultural Research, All India 
Coordinated Research Project for Dryland Agricul
ture, Hyderabad, India. 

THIERSTEIN, 	 G. E. 1979. Possibilities for mechanizing 
rainfed agriculture in the semi-arid tropics. Pre
sented at the Ninth International Agricultural En
gineers Congress, 2-13 July 1978, East Lansing,Mich, USA. 

VIRMANI, S. M., SIVAKUMAR, M. V. K., and REDDY, S. J. 
1979. Climatological features of the semi-arid 
tropics in relation to the Farming Systems Research 
Program. Presented at the International Workshop 
on the Agroclimatological Research Needs of the 
Semi-Arid Tropics. ICRISAT, 22-24 Nov 1978,
Hyderabad, India. Proceeding= in preparation. 

WILLEY, R.W., RAO, M. R., REDDY, M. S., and NATARA. 

JAN, M. 1979. Some physiological and agronomical 
aspects of intercropping research at ICRISAT. Pre
sented at the Eleventh Annual Workshop of the AllIndia Coordinated Agronomic Research rroject,

India . 

119 



Village-Level Studies as a Locus
 
for Research and Technology Adaptation
 

Hans P. Pinswanger and Jaines G. Ryan* 

Absti#jct 

This paper first discusses several traditions of socioeconomic enquiries in India. It then 
shows how the Village-Level Studies (VLS) of ICRISA T combine severalofthe features of 
the previous traditions in a novel way. The objectives, scope, and results of the 
socioeconomic observation phase of the VLS are discussed next, followed by a 
description of Ute ongoing research and adaptation phase of the studies. The VLS are 
viewed as a locus for many types of socioeconomic enquiries and adaptive technology 
development and research efforts. They attempt to impart a grassroots approach to 
technology development at ICRISA T. 

Social scientists involved in empirical research 
on thF! rural economy have used a variety of 
riethodstogathertheirdata. In'what follows we 
will briefly review some previous approaches, 
with special emphasis on t'he Indian context, 
and try to highlight their advantages and limit-
ations. The village-level studies (VLS) of 
ICRISAT combine features of most of these 
approaches in a somewhat novel way.' 

Tta Ethnogrir9.;c Approach 
of Anthrati ogy 

In this approach the researcher himself resides 
in a village or hamkt, often for more than 1 
year, .nd collecta p;to 1 observations and 
data on production technology, economic rela
tionships, customs, religion, demography, and 
language of a particular community. Due to its 
enormous scope and the fact that the re
searcher collects virtually all his data without 

Principal Economist; and Principal Economist and 
Leader, ICRISAT Economics Program. 

1. Collection of All India data by the National Sample 
Survey and the Census Organizations is not co-
vered it, this discussion; although such data are 
frequently used by social science researchers, 
most data users are usually not involved in the 
collection phase. 

the help of interviewers, the scope of the 
technological and economic data is often 
limited to a few case histories of particular 
individuals or families. It is therefore u-ually not 
amenable to statistical analysis. This weakness 
is compensated for by the thoroughness of the 
data collection, stemming from the researcher's 
own involvement arid from his capacity to view 
data in the full context of the material and 
nonmaterial relationships existing in the 
community. The somewhat standardized ap
proach of anthropologists, supported by an
thropological theories, allows a comparison of 
ethnographies across time and space, and the 
field derives most of its generalizations from 
such comparisons. 

Special-purpose Surveys 
of Econonists and Sociologists 

These professional groups have been more 

concurned with statistical validation of much 
more limited hypotheses than anthropologists. 
The standard advice to a young researcher has 
usually been to select a fairly specific topic or 
hypothesis for inquiry and design a sampling 
frame and questionnaires as economically as 
possible to answer that specific question. 
Economy in the scope of the dat3 collection is 
stressed in order to cover sufficiently large 
samples for meaningful statistical analyses to 
be performed. Most often, these studies are 
confined to one or a few interviews with the 
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respondents and are carried out by trained 
interviewers, with more or less supervision by 
the researcher himself. The main advantage of 
this approach is the speed and economy with 
which data to answe" a specific question can be 
gathered and processed. Its major discad-
vantage is that the data are generally used only 
once. Anybody interested in answering some-
what different questions than the ones posed 
will usually find that the data have deficiencies 
in terms of his own purpose. Since the survey 
teams are most often recruited on a short-term 
basis, it is seldom possible to complement the 
existing data via resurveys. 

Farm Management Studies (FMS) 

In the 1950s, economists in India perceived an 
urgent need to collect data on the structure and 
performance of farm enterprises. In developed 
countries such data were most often collected 
through voluntary farm-record schemes that 
lacked a rigorous sampling frame. The extraor-
dinarily successful FMS of the Ministry of 
Agriculture via its Agro-Economic Research 
Centres aimed at collecting such data for 
selected districts all over India on a systematic 
basis using trained investigatois who visited 
the homes almost daily during a 2- to 3-year 
period. Under the scheme, a number of districts 
were covered twice at roughly 10-year intervals, 
The inquiries were clearly multipurpose in 
nature; they provided a common tabulation and 
reporting framework on farm structure, yields, 
cost of cultivation, relative profitability of vari-
ous farm-size groups, input, credit use, etc. The 
farm management reports and the original data 
were used by many researchers to answer a 
wide variety of economic and farm manage-
ment questions. Despite the often considerable 
time lags between data collection and report-
ing, the knowledge gained from these studies 
has provided major insights that have been 
widely applied in agricultural policy matters. 

The studies, however, were still limited in 
scope; they did not include agricultural laborers 
as respondents, nor did they pay much atten-
tion to technical and biological aspects of culti-
vation. They were designed by economists for 
their own purposes. Also, because the original 
data were not computerized, access to them 
was not open to many researchers outside the 
centers where they were collected. 

The FMS were replaced in the early 1970s by 
the Cost of Cultivation Scheme (CCS). This was 
done at the request of the Agricultural Prices 
Commission, which wanted more reliable, 
rapidly accessible information on the cost and 
benefits of cltivation of speciic crops for price 
policy purposes. The sampl:i g framework was 
shifted from an agricultural-area basis to a 
specific-crops basis, and the task of collection 
was assigned to the agricultural universities. 
Whilethescope of data collection is virtuallythe 
same as in the FMS, the reporting is usually 
restricted to the cost of cultivation of a specific 
crop. It is unfortunate that the data are not 
utilized to produce the equivalent of the old 
Farm Management Reports. Furthermore, the 
Ministry of Agriculture restricts the use of the 
data for several years sothat the cost of cultiva
tion information can be fully varified before it is 
released. This reduces the usefulness of the 
studies to other researchers. A reappraisal cf 
the decision to drop the FMS may be in order 
now. 

The Village-Level Studies Scheme 
of the Agro-Economic Research 
Centres (AERC) 

The AERCs are usually associated with 
economics departments of universities and are 
sponsored by the Directorate of Economics and 
Statistics of the Ministry of Agriculture. One of 
their earlier tasks (since the 1950s) was to 
conduct village surveys that focused primarily on 
demugraphic, economic, and sociological 
structures of these villages. The main purpose 
of these studies was to find out the structural 
factors that contributed to or impeded de
velopment. Villages were often chosen inten
tionally on the basis of presence or absence of 
such items as cooperatives, irrigation schemes, 
specialty crops, nonagricultural activities, and 
other locational factors. Data were collected by 
trained interviewers. Many villages were resur
veyed after about a decade. As in the ethno
graphic approach, insights were to be derived 
from a comparison of data across space and 
over time. A comprehensive scherne to gather, 
process, and analyze all these studies was 
implemented recently by the Institute of De
velopment Studies in Sussex (Moore et al. 
1976). 
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These AERC village studies were often 
criticized for an absence of a statistical frame-
work of choice for the villages, which limited the 
generality and statistical analysis of its results;
but given their purpose, this criticism ,3 pro~be-
bly somewhat unjustified. Another criticism 
was that the process of gatnering and analyzing
the data was somewhat routine, which often 
was done by junior researchers without high 
le',el analytical skills. Only a few AERCs con-
tinue these village studies, and those who do 
most often carry out resurveys rraher than 
initiate new ones. 

On-farm Testing and Demonstration 

of Agricultural Research Results 


Most coordinated crop improvement projects 
of the Indian Council of Agricultural Reseaich 
(ICAR), the All India Coordinated Research Pro-
ject for Dryland Agriculture (AICRPDA), and the 
All India Agronomic Experiment Scheme have 
found it necessary to test and demonstrate their 
findings at the farmer's field level. This is done 
by systematic minikit variety trials all oveo India 
in the case of crop improvement projects, by 
demonstration programs, and, more recently,
by pilot and operational research projects, such 
as the one sponsored jointly by AICRPDA and 
the Drought Prone Area Program (DPAP) of the 
Ministry of Agriculture. The pilot projects aim at 
testin- and demonstrating packages of new 
crop, land, and irrigation technologies in 
groups of villages, biological-technical scien-
tists interacting closely with the farmers. In the 
AICRPDA DPAP projects, a team of economists 
works with the technical and biological scien-
tists to evaluate the econornics of the prospec-
tive technologies. In addition to the input-
output data :.om on-farm demonstrations and 
evaluations, the economists also undertake 
studies of traditional villages outside the 
schemes; these are used as comparisons with 
the demonstration villages. Adoption studies 
are also undertaken. Social scientists are not 
involved in the minikit and other demonstration 
programs. Most of these efforts focus on testing
and demonstration of technologies developed 
at research stations rather than on developing 
on the farm something "from the bottom up," 
although there is of course a considerab;e 
feedback of ideas from farmers to researchers, 

Initial Approach of ICRISAT 
Viilag,-Level Studies 

ICRISAT's VLS were designed initially by the 
Economics Prog am primarily for its own ob
jectives, but in close consultation with technical 
scientists. An attempt was madeto combinethe 
most desirable features of several of the ap
proaches discussed in the preceding section. 
The following approach was therefore used: 

1. 	Two "typical" villages having no prior 
history of spec '-l programs were selected 
in each of three agroclimatic regions of 
semi-arid tropical India. Three areas wereincluded to aliow compar-ison across ag
roclimatic zones. Two villages were cho

sen in each region so that, at a later stage,
one could be used for the development 
and testing phase of technology (to be 
discussed later) while the otherserved as a 
control village. The villago , were chosen 
so as to represent the typical features of 
their zones (Jodha, Asokan, and Ryan 
1977). 

2. 	 Within each village a sample of 30 cul
tivators in three size classes and ten land
less laborers were randomly selected as a 
panel to be monitored over a number of 
years. Such a large within-village sarple 
was judged necessary to statistically test 
hypotheses within and between regions, 
villages, and socioeconomic groups 
within villages. 

3. 	 An investigator with a university educa
tion in agricultural economics, coming 
from a rural background and speaking the 
local language, was stationed in May 1975 
in each village to interview the panel 
households every 3 to 4 weeks and to 
undertake a number of agrobiological in
vestigations. He was also to act informally 
as a participant observer. The inves
tigators were directly supervised by senior 
staff of the Economics Program who ini
tially spent considerable time in the vil
lages. 

4. 	 Data on agricultural operations were col
lected on a plot basis and included labor 
inputs and time allocation of each house
hold member and bullock pair, economic 
transactions and incomes (agricultural 
and nonagricultural) of each household, 
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farm structure, and capital endowment of 
each hotiehold. 

5. 	Durin . -he 1976-77 crop year, special 
ta;. o medica! and homevf doctors 
s . ctnce graduates visited each village four 
times to collect nutrition and health data 
on each h,,.d membei. 

6. 	 From 1S'3, r-,.,'v3rds, arntitp:cr:.iogical data 
collection wtas intensif,," ('For a detailed 
des,.r;!i.ii, of the dl.,. gathered see 
Binswinger and Jodha 1978). From the 
socioeconomic point of view, the VLS 
are broader in scope than each of 
the types of inquiries me :i;La~ed above, 
except for studies adopting the 
gr . ,picapproach. The data are coiected 
so as to allow statistical analysis, and the 
panel approach allows easy resurvey 
capability, as well as the administration of 
special-purpose surveys, which become 
necessary from time to time. 

All staff members doing research that in-
volves household-to-household variation are 
encouraged to do their work in the context of 
the VLS so i.s to economize on background data 
collection and to subject the data to analysis 
from many points of view. This has led to close 
interaction within the socioeconomics pro-

, ,~m, nd to a greater accumulation of com-
plementary results on the same areas and 
households. This has provided more than each 
individual project could have provided if carried 
out by itself. 

During the first 2 years, the VLS was used by 
othe ICRISAT programs for farm-level obser-
vations of existing techniques and problems 
such as the prevalence of pests, diseases, and 
weeds, and the study of germination problems 
in chickpea (Jodha, Asokan, and Ryan 1977). 
Before turning to the later development of the 
studies-with much closer involvement of 
technical scientists in actual research in the 
villages - we briefly summarize the cbi-c1ives 
and scope of the socioeconomic observation 
phase just described. 

Objectives, Scope, and Results 
of Socioeconomic Observations 

The socioeconomic observation phase, which is 
continuing, has twomainobjectives: (1) obser-
vation and documentation of existinq practices 

to help in the asse,.!,;ent of research priorities 
and potential tecnnoougy and (2) generation of 
a data bank for a bread range of4ocioeconomic 
inquiries. 

The first objective --- observation and 
documentation of exi ;Li; practices - is the 
m~ost important to ICRISAT's Economics Pro
gram in terms of the overall ICRISAT obiev,'.,. 
Sufficiently detailed data at tr,:. farmn 
level--with attention jo tec m: . -l 
factors -- simply did not exist for '. 

tropics of India in 1975. The follo,,ii.q :-t,.udies 
were geared towards this obje 'Zive ;md drew 
extensively on village-l'.i-, !_1utly data. 

1. "Resource base a-. 4,jl:arminant of crop
ping tarn. " . N. S. Jex, ha (1977), 
, ,, 5 arls ', i-r., rtant ei :t of re
e :,,ndo!, ,,-rntson z;' :,.:;j patterns 
and practices. In partifc,..,;.r, it analyzes the 
importance and complaxity of intercrop
ping in poor soil-climate environments 
and on small farms. This study has helped 
justify more intensive intercropping :
search at ICRISAT. 

*2. 	"Economic aspects of weed control in 
semi-arid tropical areas of India," by H. P. 
Binswanger ond S. V. R. Shetty (1977), 
documents the relatively high levels of 
huwoan and animal techniques of weed 
control in eenvironments. Together 
with b _.Iud;,.xies, which demonstrated 
that - weed contr! ,Culd be 
mvcl,, more expensive than -::i.ci; ;d 

control practices and efl iabor 
displacing, these findings have led 
ICRISAT to deemphasize chemical weed 
control in the Indian part of its research 
program. 

3. 	 "Factor proportions, factor market access, 
and the development and t. -nsfer of 
technology," by J. G. Ryan an i M. S. 
Rathore (1978), demonstrates that t -+' r 
endowments differ widely on large farms 
and small farms but factor use ratios be
tween small and large farms differ much 
less among the groups, although there is a 
large variation within the group. The 

closeness of the factor use ratios suggests 
that there would be little justification in 
India for developing separate 
technologies with basically different 
capital-labor ratios for small and large 
farms. Support for small farms must be 
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sought primarily via improvements in 
their access to modern inputs, cred;., and 
extension. 

4. "Risk attitudes of rural households in semi-
arid tropical india," by H. P. Binswanger 
(1977),is k>'sed on a large special-purpose 
psyco; _tg ical experiment carried out with 
the panal households, supplemented by 
the general ,L§ background data. It de-
monstratr. d"ozi,, risk attitudes differ little 
between smlil and large farmers in these 
six villages; nearly all of them are moder-
ately risk averse. This suggests tMat not 
much c:n he gained by developing 
techo.,2-e with differential risk/return 
cha ,:: .Qiis for small and large farmers. 
Emnphasi ; has to be on relatively profitable 
and stable technologies for all farmers and 
support of small farmers via improved 
access to credit and inputs, 

5. 	 "Labor use and labor markets in semi-arid 
tropical villages of peninsular India," b' 
J. G. Ryan, R. D. Ghodake, and R. Sarin 
(1979) looks at existing and potential labor 
and bullock-power bottlenecks in the 
study areas by comparing the existing 
labor use and availability patterns with 
those experienced in the research water-
sheds at ICRISAT Center. The study 
suggests that important new labor peaks 
could arise at harvest time if improved 
technology were to be introduced. It also 
documents the overriding importance of 
female labor in SAT agriculture and the 
extraordinary handicaps faced by female 
workers in rural labor markets compared 
witl, male workers. 

The nutrition data are still being analyzed to 
further improve our understanding of human 
nutritional dificiencies and thus to help ur de-
termine what type of nutritional objectives - if 
any - it makes sense to include in our plant 
breeding programs. 

The cultivation data are now being inten-
sively analyzed to provide a comprehensive set 
of input-output coefficients for traditional 
technology. These will be used along with 
comparable input-output coefficients from re-
search station experiments at ICRISAT and 
elsewhere, in benefit-cost analysis of potential 
technology. This is a particularly good example 
of how VLS data are used in conjunction with 
data from other sources. Activity analysis mod-

els ire p -!y being constructed to provide a 
comprehenslhe framework for technology as
sessment. 

The second objective of socioeconomi
phase . gen~rr;ic: i.I ,.? bank for a broad 
range of . r, mquiries --- goes 
beyond c ':y, !/:.i rn.nt. It ir c:fy, the 
colle (inf inform ton that wili hcip in for
mul.-ting gen.rai so ioeconomir ;o icy in the 
SAT. HousEhoid data are an impentar,-_'urce of 
such knowledge and the VLS are our primary 
source. Studies toward this objective based on 
the VI.S data include: 

1. 	 "Role ". .. edit in farmers' adjustment 
agaln-;t in arid and semi-arid tropical 
arcz. c/ tridia" (1978) and "Effectiveness 
cf furrmers' adjustment to risk" (19771, 
both by N. S. Jodha. 1hey demonstrate the 
high cost and relative ineffectiveness of 
the farmers' own measures to reduce the 
risk of farming in these are-is of India and 
to adjust to drought and scarcity condi
tiuns. Togatnei with the work on iisk 
attitudes, they sugpest that the high risk 
levels of SAT farming r, , ied tua gen
eral uooderinvestmrnv=l o, resources by 
farmers of the SA- ; dt.Jve to the socially 
optimum level. Furthermore, it appears 
that the official credit institutions are thus 
far Ial-equipped to reduce the e:xposure of 
Indian farmers to these risks because th ty 
canne u dc ,o, ; provide consumption 
loan, o drought-affected farmers. On th 9 
other hand, public relief employment ap
pears to be remarkably effective in meet
ing its objective; strengthening of that 
effort app-ars well worthwhile. 

2. 	 "Some aspects of agricultural tenancy 
in semi-arid tropical parts of India," by 
N. S. Jcdha (1979). The author uses the 
close involvement of investigators in the 
villages to gather detailed tenanc' data of 
an unusual quality and depth. He finds that 
renting of land by large farmers from other 
large farmers and from small farmers has 
become an important feature of the SAT. 
While resource adjustments are the most 
important reason for tenancy, there are 
many other complex reasons as well. The 
idea of the small and highly exploited 
tenant clearly needs to be revised, along 
with the notion that tenancy laws can be 
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enacted tht wil primarily benefit the 
srll-?a, ,,< g'o'..."Thesituation is much 
more crmit thrm relieved, and well
intended iew!I I c,,orts can lead to 
unin.endd , he same data are 
now b-,:in .d;v - Ph.D. student from 
the Indlian .t~tic-,ial Insitute for a further 
delaitedi(, ry into all aspects of tenancy. 

3. 	A Ph.D. dissertation by M. S. flathore, a 
scholar from Himachal Pradesh Univer-
sity. He has used the VLS data to reinvesti-
gate all aspects of the farm size-
productivity controversy. He finds no un-
iform productivity advantage in small 
farrs; in some areas small farms have 
nigher total output per hectare and in 
others they appear to he less productive 
than the large on.e:i. 5w he confirms that 
large and snall .. n, ; oursue very diffe-
rent strategies, ,; dchieve their produr'lir 
levels. Large fc,-;s rely more or, purch-
ased inputs and have modest Il;!or inputs, 
while small farms compensate for their 
low borrowing capacity primarily by more 
intensive and apparently more organized 
labor inputs. 

In the coming year, the VLS data will be used 
by ICRiSAT staff for an econometric analysis of 
seasonal-labor supply-and-demand behavior 
and for analysis of the relatve: ?cce,ss of small 
and large farmers to credit, to m.cdern input 
markets, and to output m r kz,; of the distribu-
tion of income and itr sourcn.c- in the study 
areas; andI of the determirats of fertilizer use 
on se;i-v.id tropical crops. Other special-
purpc,. inquiries may be initiated from time to 
time. 

The richness of the data is not exhausted by 
trz-c inquiries. We encourage ICRISAT staff 

o.,dutsiders to make use of it. Our capability to 

p~ovide the data to outside researchers has 
been hampered by the enormous problems of 
computerizing a data base of this size. We are 
currently reducing the amount of data proces-
sed b' computer in crder to speed up this 
opl,ation, and the software to handle it has 
a.no "wtured. We were probab''nv'-' ambitious 

the scope of computerizatio.;%;,e planned. As 
aresult, there has been a prettictable slowdown 
in ihe operation. However, we feel that in the 
long run computerization of a large portion of 
the data is essential for easy access by re-
searchers inside and outside of ICRISAT. 

it, 
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The Research and Adaptation 
Phase 

Interaction with technical and biological scien
tists was sought from the beginning of the VLS. 
During the first3 years, the socioeconomic staff 
reported their observations by means of infor
mal tour reports. More importantly, the economic 
investigators were trained by the ICRISAT 
programs concerned to make systematic ob
servations of disease and pest incidence, nodu
lation of legume crops, small germination ex
periments in chickpea, etc., and they were 
visited in the villages by the biological scien
tists. From 1977-78 onv.:'rds, one important 
component of the interc,-opping entomology 
research was tr't-d o farmers' fields, 
where it is czr.ied .ut .r;curding to normal 
experimental pro . . .:ith replications, etc; 
because such rera;,h needs to be done on 
large plots in an environment in which pests are 
not disturbed to the extent they are at an 
experiment station. Furthermore, uniformity of 
soil is not as important inentomology experi
ments as in some other research projects. We 
anticipate that other research prograr;:-. wiii! 
find it useful from time to time to c,,;4,- the 
land prassure and special conditions of the 
experiment station and do research in village 
conditions. 

In 1977-78, the Farming Systems Research 
Program of ICRISAT started an experiment to 
assess the potential yield effects of herbicides 
over and above the yields aclvied )y the 
farmer's traditional weed control ¢nods. The 
treatments contained weed-free plots, rlots 
where farmers used their usual metho.s, 7,nd 
plots that were partially or totally trezl , :J -.,ith 
herbicides. The partiw;r advantag c, such 
research in farmers' f;elds is that one is sure of 
getting the "traditional" treatment right and 
does not set up control treatments that under
estimate or overestimate the farmer's 
capacities. During the2 years of the experirnint, 
noyieldeffectsofherbicidesoverandab _-., : -ha 
farmer's treatments cou!'i be statistice.i1y de
monstrated (Davis 1979). 

Starting in 1977-78, the Farming Systems 
Research Program also initiated studies of tradi
tional tank irrigation systems in two villages. 
These involved the measurement of the actual 
flovv. of water, including ground water levels in 
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the irrigated command areas of these tanks, 
to determine ihe vwmter use efficiency of the 
systctm,'. It became n.cessary at that stage to 
hirc, 'e .hnical staff in these villages to make the 
d.i .measurements. 

At about the same time, sufficient results on 
the watershed-hased soil and water manage-
ment systems of the ICRISAT Farming Systems
Research Procrnm bt,,came a'nitae to narrow 
down the technicail poseilitr enough to 
make it worhwhile to purn:c fr,'thjr research 
under le,-l cs.ndition, l thz level of the 
farmer's field. This had to be a collaborative 
effort between farmers, technical scientists, 
economists, and the anthropologist, because it 
involved technical, economic, and :ocl 
n: :oblorns of group action or colih:.ter 
:inog the farmers of a watershed. Researeh on 

,.-oup action problems of watershed-based soil 
and wat-.r management systf.:i, cnnot be 
done.- n v research ztation, ard th- r solution is 
c precondition for successful impiamentation of 
the concept. 

Furthermore, technical adaptation of the con-
cept to local soil and climate conditions made it 
imperative to associate the project with 
AICRPDA, with its research stations in Hayat-
nagar, Sholapur, and Akola as well as the 
coordinating cell in Hyderabad.2 Other institu-
tions collaborating with us are Andhra Pradesh 
Agricultural University, Punjabrao Krishi 
Vidyapeeth, Akola, Mahatma Phule Krishi Vid-
yalaya, Rahuri in Maharashtra, and the Central 
Soil and Water Conservation Research and 
Training Institute in Dehra Dun. The broad 
geographical experience of these institutions is 
necessary in defining the technical treatments 
at each of the three locations. Particularly in the 
definition of agronumic treatments, we rely
heavily on the experience of the local centers of 
the AICRPDA, which specify the recommended 
varieties, fertilizer levels, etc. 

During the 1978-79 c.rop season, an area 
between 2.5 and 4.0 hs, in one village in each of 
tho thre,. agroclimatic regions was planted to a 
series of replicated trials in which the major 
purpose was to tesl the eftc'cts of improved land 
management sysnms on dryland cropping 
systems, which are typical or potentiall,' impor-

2. 	These centers had assisted us from the start of the
VLS, especially in the choice of villages. 

tant for the farrincrs of the areas. In the current 
year, in two of the three villages, full wiaterihed 
land treatments have been implcmented on 
areas of close to 20 ha overall. In a third village,
it was difficult to gain the coOoeation of all 
farmers on the experimenta iv,-Irsheds during 
the current year, but 3cLted treatments have 
been implemented oii fhe fields of twzo farmers 
as an initial step. Agronomic exporimeIts con
tinue. To carry out this additional experimental 
load, one agronomic/technical staff member at 
the Technical Assistant level has beer itationed 
in the three villages on a permanent basis; he is 
backed by visits of the concerned scientists. 

Unlike the demonstration programs and pilot
projects discussed in the first section, the goal
of these studies is not demonstration of a fully 
or partially developed technological and institu
tional package of watershed-based soil and 
water management treatments; instead, the 
focus is on adaptation of such a concept to the 
local agroclimatological and sociocultural con
ditions and feedback to researchers from the 
grassroots level. It is well understood by all 
involved, including the farmers, that this pro
cess will be difficult. However, the village locus 
is the proper experimental setting for such 
adcilve research. Only there will the real 
pr-..)] .ms have an opportunity to express them
selves and thus lead quickly to the necessary
changes in the technological and institutional 
options. The choice of the villages of the 
VLS makes profitability assessment of 
watershed treatments relatively easy, since the 
data on the panel households provides a "com
parison treatment" both before and in every
given year of the study. Furthermore, one 
village in each region is left unaffected, to serve 
as a control for assessing hidden impacts of a 
substantial research effort in the other villages.
Thus we have comparisons both "before and 
aiter" and "with and without." 

Should this research effort lead to successful 
development of adapted technology options,
the villages would serve for demonstration 
purposes, but national programs would then 
have to move towards a more comprehensive 
demonstration and implementation phase. 
ICRISAT's mandate does not include extension. 

Conclusons 

The ICRISAT Village-Level Studies have pro
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vided a rich variety of opportunities for re-
search. 

For socioeconomic research, the semiper-
manent nature of the studies provides a unique 
setting for all inquiry that involves household-
to-household and a.roclimatic variation. By 
combining features of ethnographic research, 
special-purpose surveys, farm managemont 
studies, village studies, and on-farm biological/ 
technical experimentation, the VLS provide 
flexibility in data collection and a rich data 
bank. They perform the same function for the 

socioeconomic researher that th! .xperiment 

station or laboratory porforms for thit lechnical/ 

biological scientist. They provide a locus for 

studies. By channeling the analytical capability 
of a number of socioeconomic researchers 
inside and outside of ICRISAT on the same data 
base, they produce complementaries which 
add up to more than the simple sum o? the 
individual results and insqIhts.3 

For the technical/bino'opcal researcher, the 
studies serve as an extension of the experiment 
station outside its physical confines, to be used 
in a variety of ways as dictated by the changing 
needs of individual researchers or programs. 
Research can be carried out in the villages 
under actual farm conditions and/or when land 

requirements exceed the land resources 
available at the research station. 

From the point of view of technology de-
velopment and adaptation, the st-tdies have 
two main functions: first, they serve at; the most 
important data source (but not the only one) for 
specific studies assessing research priorities 
and gprospective technology; second, they pro-
vici. a locus for a multidisciplinary effort 
on what may be the most difficult research 
problem of the semi-arid tropics: generating 
improved soil-, crop-, and water-management 
techniques that are adaptable to different agro-
climatic, economic, and sociocultural environ-
ments. We believe that tho village is the best 
environment for this effort. It involves farmers 
and scientists from the national program, as 

3. 	One of the major problems of much survey re-
search isthat it appears to be easier to collect data 
than analyze them. Large bodies of data are there-
fore often unexploited. The VLS have been rela-
tively successful in achieving a better relation 
between analytial and data-gathering effort. 

well as from ICRISAT, and we hope that it will 
contirnue to be successful. The VLS are our 
approach to the philosophy of agricultural re
search from the "bottom up" and development 
emphasized by Newman, OuLdraogo, and 
Norman (1979), Chambers (1979), and others. 
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Summary of Discussion - Session 3
 

Dr. Tiwari expressed the opinion that the ag-
ricultural tools for use by SAT farmers should 
be as simple and inexpensive as possible,
improvising on tools already evolved over the 
ages and fitted to the farmer's particular soil 
type. -e feii that ICRISAT's wheeled tool carrier 
is too :wphisficated for SAT farm use. 

Dr. Swindale remarked that the question ofappropriate technology is exceedingly difficult. 
He warned against the danger of making
technology so appropriate that it represents no
advance at all. 

Dr. Swindale also pointed out that no single
institution can deal with all problems in all the 
socioeconomic and ecological niches in the
world. To make changes requires both skill in 
transferring technology and an understanding 
of how innovations are diffused. For this reason, it is essential to developa wide network 
of research. 

Dr. Mengesha commented that technology
handed out free often fails, whereas that requir-
ing recipients to share in planning and expense
is likely to be effectively transferred. 

Dr. Hutchinson was asked what mechanism 
could be devised for linking funding agencies,
which often do not coordinate thei: efforts in
supporting agricu!tural research. He replied
that there was no easy solution to this problem;
funding agencies must look at what returns a 
program offers a donor and must also maintain 
the identity of funds from various sources. He

commended the CGIAR for doing an excellent 

job. 


Considerable discussion centered on the 

findings of ICRISAT's Village-Level Studies: 


Mr. Russell commented that the VLS finding
that small and large farmers differ little in their 
attitude to risk is surprising but encouraging, as
graded risk is difficult to build into technology.
However, getting credit poses a bigger risk for 
the small farmer than the large farmer, and 
failure to repay may bar the smallest farmers 
from access to credit. Therefore too easy credit, 
without proper supervision, is unc:esirable. He
suggested providing the smallest farmers with 
alternative means, other than credit  such as
provision for saving income from paid labor -
for obtaining needed inputs, 

Dr. Lipton remarked that relationships in a 
village - between landed and landless, surplus
and deir:irt farmers, etc. -- determine to a large
extent who gets the most benefit from new 
methods and increased productivity. Some
typology of village behavior and relations might
be needed to ensure that benefits reach the 
poora.A. 

Dr. Binswanger replied that ICRISAT did not
proposesuchastudy; this ioperlythetaskof 
national programs. 

Mr. Melville pointed out that there is an
important distinction between contacts made 
for gathering information in a village and those 
made for extension purposes. An extension 
agent must first work with th - farmer most 
willing to risk trying new methods rather than 
with the village as a whole. 

Regarding soil and water management on a 
watershed basis, Dr. Randhawa observed that 
even where cooperative action is possible, a
problem arises in sharing the water harvested 
and the benefits of increased productivity. Dis
tribution cannot be based solely on area of
individual holdings, as the productivity of differ
ent segments varies. It wais observed that con
structing ponds on communal property poses 
no difficulties, but problems arise where indi
vidual holdings are involved. 

Dr. Kampensaidconsolidationoflandisnota 
prerequisite to improved resource manage
ment, but if such consolidation is taking place,
land and water management systems becan 

developed to accompany it. He emphasized that

ICRISAT ,ifers miracleno solutions to the
 
farmer. The approach in the on-farm experi
ments is to discuss with the farmers a range of 
possible means for improving productivity and 
help them choose the one best for local condi
tions. Thus, in Aurepalle, development is taking
place without a!tering individual holdings; in 
Shirapur, the farmers have agreed to ignore
farm boundaries for the duration of the experi
ment, though this does not mean that parcels of 
land are exchanged. 

Mr. Melville commented that it is not always
possible to introduce innovations in the ideal 
order; they must be introduced in the order 
most readily acceptable locally. For instance, in 
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an experiment near Indore, a realignment of 
drains to prevcnt water from draining across 
fields raised croppable land inthe rainy season 
from 30% to above 70%. This, in turn, led to 
interost in other possible innovations. 
Dr. Doherty observed that in SAT Indian vil
lages, the unit of mrnagment decision is the 
individual fumily; success in watershed-based 
technology depends on respecting this basic 
unit. 

Responding to a qute(dion from Dr. Joshi on 
risk rianagement, Dr. Virmani stated that at 
ICRISAT drought risk is being quantified. In 
regions with an'.ured initial rainfall, dry seeding 
ispos3ible; in other regions, either new types of 
seed must be developed, or seeding must be 
done after moisture is conserved to a depth of 
about 20 cm. 

Dr. Sekhon sbggested that agroclimatology 
research should define areas, based on soil and 
climate lype., where a successful kharif (rainy 
season) orrabi(postrainy season) crop, or both, 
can be grown, and indicate management 
practices to go with each. 

Dr. Virmani said that despite similarities insoils, 
climate, and other conditions - as, for example, 
between Hydc Ybad and Sholapur- specific 
technologies cannct always be transferred from 
one location to another. An appropriate 
technology for a given area can emerge only 
when a full picture is available of soil charac
teristics, climate, and socioeconomic condi
tions, and when all available resources are 
considered. 

Dr. Gill observed that adistinction needs to be 
made between horizontal (experiment station 
to experiment station) and vertical (experiment 
station to farmer) transfer of technology. The 
latter can only be accomplished by local people 
who are familiar with the particular social and 
economic structure of the area and can gain the 
confidence of the farmers. 
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ICRISAT Cooperative P -mms:an Overview 
R. C. McGinnis and C. Charreau* 

Abstract 

A major objective of ICRISAT cooperative programs is to strengthen the national
research effort without duplicating or competing with it. The Institute exchanges genetic
resource material with more than 40 cooperating countries; assist, in training research
workers; organizes international seminars and workshops to promote scientific interac
tion; and provides technical assistance to fit the particular needs of each country. InAfrica, which contains 66% of the world's semi-arid tropicalarea, cooperativeprograms
have received top priority and made good progress in both research and training. In
India, an excellent two-way transfer system has been established. Coo)U.ativeprog
rams have also been set up in other Asian countries snd in Central and South America;
further expansicn is envisaged in keeping with ICRISAT's increasing international 
responsibility. 

A basic premise in the establishment of ICRISAT 
was that the Institute would serve to strengthen 
and support national research programs on 
production of the five ICRISAT crops, both in the 
host country and in other nations of the semi
arid tropics (SAT). The major objective is to 
generate improved genotypes and technology 
to increase and stabilize food production. The 
form of assistance and cooperation may differ 
considerably, depending on each country's
specific requirements, but at all times the as-
sistance must be supportive and not duplicate 
or compete with the national program. It is es-
sential to work in close harmony with national 
programs and with other agencies having
mutual concerns and interests, 

According to the climatic definition of the 
semi-arid tropics, most of the area (66%) is in 
Africa. The SAT regions form a wide belt below 
the Sahara desert, extending the width of the 
continent and south through East Africa to 
include large areas of southern Africa. In Asia, 
the SAT cover much of India, northeastern 
Thailand, and other smaller areas. Other SAT 
regions of the world include large sections of 
Mexico, Central America, northeastern Brazil,
Paraguay, and northern Australia. 

R.C.McGinnis was Associate Director for Interna-
tional Cooperation; C.Charreau is Project Leader,
West Africa, ICRISAT. 

Strategy for Strengthening
National Research Systems 

An objective of all international centers and 
agencies working within a country or region is 
to strengther. national research systems. Obvi
ously, there i no simple single answer to the 
question of how this can be most effectively
achieved. The countries with which an inter
national center cooperates vary considerably in 
scientific expertise and infrastructure develop
ment; each country has its own particular com
bination of strengths and weaknesses that sets 
it apart from its neighbors. 

Perhaps the ideal in working relationships
between international and national research 
programs with an effective two-way transfer 
system is being approached by ICRISAT and its 
host government, India. From the earliest 
stages, ICRISAT has enjoyed the counsel and 
advice of senior members of the Indian Council 
of Agricultural Research (ICAR) and - under 
formal working agreements with ICAR 
continuing collaboration with the All India 
Coordinated Programs and the Indian agricul
tural universities. Admittedly, India has a scien
tific resource base and sophisticated researchand extension service not equalled in many 
countries, but we feel that much of the Indian 
experience can be applied elsewhere. 

ICRISAT, like many international centers, has 
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the capability of assisting national programs in 
four main areas: 

1. 	Provision and exchange of germplasm. 
There is universal interest in strengthen-
ing national breeding programs; conse-
quently, ICRISAT routinely supplies 
source mrterial and various nurseries for 
screening, testing, and hybridizing to 
more than 40 cooperating countries. In 
return, ICRISAT has access to the indigen-
ous genotypes within national programs, 
and has built up a broad-based genetic 
resource for further refinement and dis-
tribution. Proper storage facilities are 
under cijnstruction for maintenance of this 
valuable internalional genetic uollection. 

2. 	 Assistance in training. ICRISA," considers 
training to be among its most important 
activities; the eventual goal is to make 
the research capability of cooperating 
countries self-sufficient. Various forms of 
training, designed to fit the particular 
needs of each country, are offered. 

3. 	 Promotion of scientific interaction. A third 
activity useful to all cooperating national 
systems is the convening of workshops, 
seminars, and conferences to promote 
scientific interaction and communication. 
Participants can also visit research prog-
rams and facilities at other institutions 
simultaneously. So far, ICRISAT has 
organized nine international workshops in 
various areas of research. 

4. 	Provision of technical assistance. The 
fourth area where international centers 
can strengthen linkages with national 
programs is in providing technical as-
sistance. The most appropriate form, 
whether short-term consultancy or long-
term assignment, depends on the indi-

genous scientific strength and the actual 
organization of human resources within 
the host country. Although ICRISAT has 
only 4 years of experience in this type of 
cooperative activity, response from 
countries where scientists have been 
posted is encouraging. 

Role of ICr3SAT Scientists 

in Cooperating Countries 


Agreement between ICRISAT and the host 

countries vary by country. Generally, the prog
ram of each ICRISAT scientist posted in a 
cooperating country hog three components: 

1. 	A direct contribution to the national 
program. 

2. A contribution to the regional program, 
consisting mainly of the organization and 
supervision of regional trials and con
sultancy visits to neighboring countries. 

3. 	 A contribution to the international pro
gram in supervision of trials or nurs.ries to 

provide ICRISAT Center with information 
on the behavior and performance of d'iffer
ent genotypes in various ecological situa
tions. An important function is to provide 
germplasm from cooperating countries 
for inclusion in the germplasm collection 
and the breeding programs at ICRISAT 
Center. 

The demarcation between these three com
ponents is not always clearand may sometimes 

appear to be somewhat arbitrary,. However, in 

each situation, an attempt has been made to 
establish this tripartite role so that the relation
ship between ICRISAT scientists and their col
leagues in the national programs can be defined 
and close working links can be forqed. The 
relative importance of the three components 
may vary considerably both between coun.tries 
and between scientific disciplines. As far as 
possible, ICRISAT scientists are integrated into 
the local research centers and are expected to 
follow the general working regulations of those 
centers; however, ICRISAT scientists have full 
control of the allocated funds, thereby maintain
ing the degree of autoromy necessary to ef
fectively carry out their a:-,ianments. 

On the whole, these arrangements with the 
national research services have proved satis
factory both scientifically and administratively. 
By such close association with national re
search, the ICRISAT scientists become fully 

aware of the research problems in host coun
tries, of the progress of national research ser
vices, and of the various constraints on host 
country research and extension. The scientists 
are thus in the best position to reappraise their 
programs regularly to make them more mean
ingful. They have an important role in providing 
practical training to local technicians, and, in 
some cases, scientists on the staff; they also 
often identify candidates for training at ICRISAT 
Center. The exchange of both scientific informa
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tion and seed material between ICRISAT and 
the national research services is very free under 
ve,-;c ;onditions. It is, in fact, a true cooperation,

the full sense of the word, in that there is 
reciprocal benefit for bcoth parties. 

Two main principles are followed regarding 
the transfer of new technology and improved
germplasm to cooperating countries: 

" 	This transfer is made only through the 
national research institutions, never di-
rectly to extension or development 
agencies.

* 	 The transfer is not encumbered by any 
requirement of special references to 
ICRISAT. With improved germplasm, par-
ticular!y, the local research institutions are 
free to choose any ICRISAT material for 
release to farmers and to label it as they 
wish. 

IC,,M SAT Cooperative Programs
in tirica 

Growing population pra-lurez in Africa have 
resulted in large food deficits in some of the 
more populous countries. Production of food in 
the conihen over the ai tew years has failed 
to Lc p avce with populction growth and with 
production in other regions. While some of the 
decline in output is due to the unfavorable 
weather of recent years, it is clear that the 
traditional farming systems have been unable 
to respond adequately to the demands of rapid 
population growth. The food prospects for 
sub-Saharan Africa are gloomy if these semi-
stagnant trends in food production continue. 

Accelerating growth and alleviating poverty 
in sub-Saharan Africa will depend primarily on 
the provision of additional impetus to agricul-
ture, particularly in the small-holder sector, and 
secondarily on the pace of creation of em-
ployment in industry and direct action to im-
prove essential public services. 

For this reason the Dogget- Sauger-
Cummings Report of October 1971 gbve highest 
priority to the African SAT in the development 
of ICRISAT's programs of international cooper-
ation. The ICRISAT Governing Board fully en-
dorsed the recommendation and encouraged
donors to provide special project funding for 
this purpose. Substantial progress in program
implementation has been made since 1975, as 

described below. In this presentation western 
and eastern Africa are considered separately. 

The West African Program 

Within the West African program, several sub
programs can be distinguished, all of which are 
closely linked technologically, whatever their 
source of funding. The oldest and most im
portant is the UNDP/ICRISAT West African 
Cooperative Program. 

The UNDP/ICRISAT West African Project 

In January 1975, ICRISAT and UNDP entered 
into contract with the prime objective of 
cooperating with and strengthening existing 
West African agricultural research programs to 
develop higher-yielding varieties of sorghum 
and millet with consistent and reliable yield 
characteristics and to develop technology to 
accompany th,,jse varieties. The drought
stricken Sahel area below the Sahara was the 
focus of concern. Sorghum and millet are the 
staple foods for the majority ofthe people in this 
area and the food:population ratio is seriously 
disturbed. 

Initially, the project covered 12 countries from 
Senegal to Chad, including nine French
speaking and three English-speaking countries. 
In 1977, following a request from Sudan for 
technical assistance to their national sorghum 
and millet improvement programs, Sudan was 
included in the UNDP/ICRISAT contract. Twelve 
scientists currently work under this contract. 

Imple.nentation of the program has pro
ceeded steadily and carefully. Initial problems 
of logistic support and formulation of accept
able agreements were overcome with the as
sistance of the UNDP officials in each of the 
cooperating countries. Because ICRISAT scien
tists are posted in national research stations 
andcanbenefitfromtheexistinglaboratoryand 
office facilities of these stations, construction of 
buildings was usually unnecessary, except in 
the Karnboinse station near Ouagadougou and 
in the Wad Medani station in Sudan. The pro
gram became fully operational for the crop year 
1977 and has now entered its second phase. 

The ICRISAT/Mali Program 

In 	 March 1976, in response to a request for 
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assistance from the Government of Mali, the 
Ford Foundation provided funds for an 
agronomist-breeder for sorghum and millet 
improvement to be stationed at the Sotuba 
Research Station near Bamako. A USAID grant, 
renewable annually, has subsequently main-
tained the program. Under this grant, a small 
laboratory and office facilities have been con-
structed at Sotuba. The USAID grant was ex-
tended in 1979 and, ointly'with the Ciba Geigy 
Foundation, will help ,' - !!op a full-scale ag-
ronomic research static, In j drier area, near 
Segou, where both ICRISAr and national scien-
tists will be accommodated and work together 
for the improvement of cereal production in the 
central zone of Mali (annual rainfall 400 to 900 
nm). 

Recent Developments in the West African 
Program 

A project entitled Semi-Arid Food Grain Re-
search and Development (SAFGRAD), designed 
to strengthen the research capability in West 
Africa through contractual arrangements with 
ICRISAT, IITA, and U.S. universities, was 
initiated by USAID and placed under the re-
sponsibility of the OAU'STRC (O'ganization for 
African Unity/Scientific, Technical, and Re-
search Committee). Other donors, including the 
French and British governments, are also ex-
pected to contribute to the project. 

Under the provisions of the USAIDICRISAT 
contract, signed in 1978, ICRISAT posted a 
sorghum breeder at the Institute for Agricultural 
Research, Samaru, Nigeria, in 1979. Two other 
scientists, a cereal entomologist and a pro-
djction argonomist, are being recruited and 
will shortly join the ICRISAT team at IAR. 
ICRISAT will also post a soil-management ag-
ronomist at the Kamboinse research station in 
Upper Volta. 

SAFGRAD has also assigned a number of 
officei-, under the Accelerated Crop Production 
Program directly to national programs. These 
workers are conoucting multilocation trials of 
the improved cutivars generated by the 
cooperating research centers. 

In 1979, a cereal breeder for Striga, a cereal 
entomologist, and a production economist 
were added to the ICRISAT team in Upper Volta. 
Also in Upper Volta, a project proposal is being 
finalized to develop watershed management 

studies on the heavy clayey soils of the area 
developed by the AVV (Amenagement des Val-
Ies Voltas; Volta Valleys Authority), after 
eradication of river blindness. A pilot study will 
be undertaken to identify methods for improved 
resource management that will facilitate ag
ricultural development in semi-arid regions of 
WestAfrica. The main donors will be USAIDand 
the Government of the Netherlands, with 
ICRISAT and the Government of Upper Volta 
also contributing. 

Work Accomplished in West Africa 

After a relatively slow start, because of ,he time 
required to fill the research position,, a good 
deal of progress has been accomplished both in 

research and training, considering that crop 
improvement, which constitutes the core of the 
research program, is a long-term process. 
During this first phase of the project: 

* 	 themajorresearchproblemsspecifictothe 
target crops in this environment have been 
identified; 

* 	 the methodology for dealing with these 
problems has been defined; 

e 	 local germplasm of sorghum and millet 
has been collected and evaluated and a 
significant amount of exotic germplasm 
has already been introduced and dis
tributed to the cooperating countries; 

e 	 some promising results have been 
achieved in the introduction andlor intro
gression of exotic materials, especially 
with sorghum. Likewise, important dis
ease resistance sources in millet have been 
located for the Center program; 

* 	 promising results have also been obtained 
in crop management, land management, 
and intercropping studies; 

9 	 good cooperation has been developed be
tween ICRISATand national scientists in all 
countries where ICRISAT scientists are 
posted; 

* 	 national research capabilities have been 
strengthened and a significant contri
bution has been made to the transfer of 
technology through the participation of 
West African scientists in various conf"'
ences and through training of scientists 
and technicians at Hyderabad. 

We can expect to see substantial progress in 
millet and sorghum improvement during the 
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next few years - perhaps more in sorghum 
than millet - as the ad:ptation of exotic mate-
rials to the West Afican environment seems to 
be more difficult in milletdueto disease factors. 
There are good prospects for progress in ag-
ronony, with emphasis on more efficient utili-
zation of environmental and biological factors 
in combination with locally available inputs 
as a realistic alternative to basing yield im-
provement primarily on imported inputs, 

The FAst Africn Program 

The focus of ICRISAT's early efforts in Africa has 
been on the criticai food production problems in 
West Africa. Since December 1977, the In~titute 
has started programs in East Africa as well and 
has a sorghum breeder and a millet breeder 
working in Sudan under UNDF special project 
funds. 


In Tanzania, through a subcontract with IITA, 
provision has been made for a sorghum 
breeder and a millet breeder to be posted at the 
Ilonga research station, as part of an overall 
TanzaniaUSAIDlITA agricultural research pro-
ject in which CIMMYT and ICRISAT also partici-
pate. 

:uturEo Devlopment ofICRISAT 
Cooperative Programis In Africa 

It is clearly recognized that in relation to the 
magnitude of the task in SAT Africa, present 
staff numbers are inadequate and should be 
augmented in saveral disciplines. A number of 
research requirements that are peculiar to 
Africa cannot be adequately tackled at ICRISAT 
Center. 

In its final draft report dated December 1978, 
the ICRISAT Quinquennial Review (QQR)panel 
strongly endorsed the concept of strengthening 
the African Program, proposing that core fund-
ing should be provided for regional programs 
as distinguished from support to national pro-
grams, which would continue under special
project funding. This is consistent with the view 
that the criteria for core funding should be that: 

* 	 the research is clearly within the mandate 
of the Institute; 

" the research requires long-term support 
and it will be at least regional in relevance, 

These two conditions are clearly met in the 

ICRISAT cooperative programs in Africa. 
The QQR panel recommended that regional 

programs be developed at a few carefully 
selected representative sites, with a degree of 
flexibility within the network to allow foi phas
ing out of programs or shifting of location as 
required. ICRISAT agrees with the QOR recom
mendations. arid they have been taken into 
account in the proposed development of 
cooperative prograrns in Africa. Already exist
ing programs in Africa can seriJ as a basis on 
which to build and relatively f.vv new key sites 
may be inecessary to fill in the important gaps. 

Future Davelopment in West Africa 

In 	 West Africa, the ICRISAT regional network 
will be organized around two main multidisci
plinary teams, the first cited in a predominantly 
millet area (400-500 mm annual rainfall), the 
second in a predominantly sorghum area 
(700-800 mm innual rainfall). 

High priority is assigned to the development 
of a regional ICRISAT program on pearl millet 
improvement and associated farming systems 
technology app!icable to the drier, sandier soils 
where water is limiting. Preliminary investi
gations have been made in West Africa to de
termine a suitable location for this unit, which 
should be in the heart of the millet-growing 
region in a country that depends almost exclu
sively on millet as its staple cereal. A final 
decision on the specific site is pending, but it is 
envisaged that this unit, when fully staffed, will 
adequately serve the long-term research needs 
of the region. 

For long-term research in sorghum, the 
Kamboinse research station, Upper Volta, ap
pears the most appropriate location. It is in the 
main sorghum growing area (precipitation 800 
mm) and is the base of the most comprehensive 
ICRISAT program launched so far in West 
Africa. This team, to be expanded as needed, is 
considered adequate to serve regional and 
national requirements in sorghum improve
ment research. 

At the Kamboinse station, shortage of land 
may hamper the development of new research 
activities, especially on land and water 
management. A number of alternatives are 
being considered to alleviate this problem, 
including government purchase of adjoining 
land and provision of a nearby site for some of 
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the programs. Some use may also be made of 
the Saria research station facility, 70 km from 
Ouagadougou, which is underutilized at pre-
sent. 

The land and water management program 
research must be conducted at the station and 
on the farm, with initially several years of 
on-station research. The station must be a 
benchmark site carefully chosen on technical 
criteria and it must be under ICRISAT's control. 
ICRISAT will be able to undertake long-term 
research in farming systems only if the 
government is able to provide land that meets 
these criteria, 

In addition to these two main multidisciplin-
ary teams, to be mainly funded in the ICRISAT 
core budget, existing smaller teams, funded 
under special projects, will continue to be 
posted in research statioiis of various countries 
and will work in close cooperation with the 
national research services. Tnese include a 
team of five scientists in Samaru, Nigeria; a 

team of twoscientists in Bamako-Segou, Mali; a 
team of two scientists in Bambey, Senegal; and 
one scientist in Maradi, Niger. The present 
research teams may be increased and others 
created, as needp, are identified. 

About 30 ICRHSAT scientists are expected to 
be stationed in semi-arid West Africa in the near 
future to work on sorghum, millet, and 
groundnut improvement as well as on related 
farming systems. 

Future Development In East 
and Central Africa 

Future programs in this area will concern 
sorghum, millet, groundnut, and pigeonpea 
improvement. ICRISAT already has one sor-
ghum breeder and one millet breeder in Sudan, 
and one sorghum breeder in Tanzania; a millet 
breeder will be recruited soon for Tanzania. 
There is a need for entomological research on 
sorghum and millet in Tanzania and neighbor-
ing countries, and it is proposedthat ICRISATfill 
this serious gap as soon as possible. 

In further development of a north-south 
African network, there is an obvious need to 
focus on the improvement of high-elevation, 
cold-tolerant sorghums. Except for an excellent 
ongoing program in Ethiopia and the work in 
Mexico, thisclassofsorghumshasbeenmostly 
neglected; yet these sorghums are a major 

source of food not only in the highlands of 
Ethiopia, but also in Somalia and Yemen, and in 
the region of Western Uganda, Rwa,-da, 
Burundi, and eastern Zaire. 

It is tentatively proposed that ICRISAT post in 
Ethiopia a senior breeder of sorghum, who 
would also be team leader, to be closely as
sociated with the present national program 
headquartered at Nazareth, and a second 
breeder in the highlands of Kenya, at Kitale. 
These breeders would collaborate closely with 
the newly established FAO sorghum im
provement program based at the Katumani 
research station, near Macha!,os, and would 
also be responsible for developing a network of 
multilocational trials in other countries in the 
region. 

Concerning groundnut improvement, the 
OQR panel suggested that ICRISAT consider 
initiating a program in East or Central Africa to 
assist the national programs in the region. In 

view of the potential value of the crop both 
domestically and as an export commodity, re
search on groundnut should be given high 
priority. 

Although a number of possibilities exist for 
locating an ICRISAT groundnut program, 
Melawi is probably the most appropriate 
country in view of the importance of the crop 
there and the backup support that could be 
provided by the national program. Cther coun
trips that might also be considered are Tan
zania, Sudan, and Zambia. 

Because pigeonpea is an important pulse 
crop in East Africa, it would be desirable to post 
a breeder/agroo'mist at the Katumani research 
station to work closely with the ICRISAT Center 
program in breeding pigeonpea and to investi
gate improved agronomic practices under East 
African conditions. There would also be close 
interaction with the national program. 

ICRISAT Cooperative 
Programs in Asia 

It was stated earlier that very close collabora
tion in both sorghum and millet research has 
been established between the Indian national 
program and ICRISAT and that this is serving as 
a pattern for cooperative links elsewhere. A 
study r' the links with the Indian program is 
beyond the scope of this paper and, because of 
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the extensive and detailed nature of the 
cooperative agreement between ICRISAT and 
ICAR, will not be discussed here. It should be 
mentioned, however, that there is an exchange 
of germplasm and nursery material between 
the two research organizations, and that 
ICRISAT carries out experimental work at five 
research centers in India that provide a range of 
ecological conditions for special studies on 
sorghum, millets, chickpea, and pigeonpea. 
These centers 3,,± at agricultural universities 
located at Bhavanisagar (TNAU), Dharwar 
UAS, Bangalore), Gwalior (JNKVV), Hissar 

(HAU), and Srinagar (J!i K Govt.). In addition, 
our farming systems program has established 
cooperative research projects at a number of 
centers with aoriculhural universities and the All 
India Coordinated Research Project for Dryland 
Agriculture. 

ICRISAT is also establishing closer coopera-
tion with a number of other Asian countries, 
including Pakistan, Thailand, Burma, Sri Lanka, 
Bangladesh, and - most recently - the 
People's Republic of China. The development of 
closer ties is under way with some of these 
countries, and various form:, of assistance, 
although relatively modest, have been provided 
by ICRISAT. 

Since most Asian countries have rather well-
developed agricultural and extension systems, 
with many highly trained scientists, the re-
quirement for permanent ICRISAT staff to be 
posted in the region is likely to be modest. At 
present only one case is under discussion - for 
strengthening research in land and water man-
agement in Thailand, with the possibility that 
one ICRISAT specialist may be required. Other 
opportunities for closer cooperation will con-
tinue to be explored. 

In the Middle East, a chickpea breeder has 
been posted at ICARDA in Syria in order to 
coordinate chickpea research in the region and 
to integrate the ICARDAand ICRISAT programs. 
This arrangement also provides for the acceler-
ation of the breeding program at both centers, 
since the growing seasons are different and 
enable two generations per year to be grown 
under rather different environments, 

Cooperative Programs 
in Central and South America 
A first ICRISAT contribution concerns the high-

elevation cold-tolerant sorghum improvement 
prog-;m. Under IDRC funding, a sorghum 
breeder was headquartered with CIMMYT, 
Mexico, in December 1975. This program was 
originally undertaken by CIMMYT, but respon
sibility for its continuation was transferred to 
ICRISAT in January 1977. The major objectives 
are to extend sorghum adaptation to the high
lands in the developing world in order to inten
sify land use and to stabilize grain sorghum 
production in fringe areas, where severe losses 
occur due to occasional low temperatures. The 
addition of a pathologist and agronomist to the 
sorghum improvement effort based in Mexico 
is desirable in order to expand the present 
program to cover both highland and lowland 
sorghum improvement in Mexico and the reg
ion in general. Close linkages could be estab
lished with the program centered in Brazil, with 
all countries in the area benefiting accordingly. 

Lowland sorghum is produced in Central and 
South America mainly for the livestock indus
try, although recent surveys have revealed that 
sorghum is increasing in importance as a food 
in the region, particularly as an insurance 
against famine during the dry years. For the 
same reason, pearl millet is also now given 
more attention. 

Brazil is interested in strengthening its na
t'onal research programs in sorghum and millet 
improvement and farming systems, and has 
requested ICRISAT to provide a small team of 
scientists for the SAT northeast to assist in 
development of these disciplines. In farming 
systems, specific interest has been expressed in 
land and water management and intercropping. 
Research station development has also been 
identified as a high priority requirement. It is 
considered likely that EMBRAPA, the national 
agronomic research institution, will provide 
funds for this cooperative program. 

Pigeonpea is an important crop in much ofthe 
Caribbean region, and requests for assistance 
in improvement of the crop have come from 
several countries. There is great scope for 
varietal improvement, since present genotypes 
are low yielding and are susceptible to a 
number of insect pests as well as several dis
eases. Special project funds are being sought to 
provide a pathologist, an entomologist, and a 
breeder to be posted in the DomirnicanR.)public.
A chickpea breeder might also be posted in 
Mexico, where this crop is important. He would 
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receive backup support from, and would in
teract with, the pulse team in the Dominican 
Republic. 

ICRISAT's international programs have ex
panded rapidly in the past 3 years, with 23 
scientists having been otutposted thus fr. Sev
eral more are to be recruited before th. end of 
1979. Interest is developing rapidly in many 
more SAT countries arc;crd the world, and 
ICRISAT will make every effort to work with 
them in advancing their agricultural research 
and their prospects for increased food produc
tion and better lives for their citizens. 
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The ICRISAT Cooperative Program 'n Upper Volta
 
W. A. Stoop and C. M. Pattanayak* 

Abstract 
In recent years drought has been common in Upper Volta, causing poor yields andserious food grain deficits. Reseao:bh data indicate that in spite of these droughts muchhigher yields shouldbepossible. This paperattempts to analyze why these higheryieldshave not been realized and to indicate ways in which the ICRISA TUpper Volta programcan contribute to improving this situation. 

Upper Volta in West Africa is located between 8* 
and 15'N. I. has about 8.9 million hectares of 
potenti' crop land. Around 2.4 to 2.7 million
hecta-es are cropped annually. The importantcereal crops are sorghum, pearl millet, maize,
and rice with estimated annual cropping areas
of one million, 700 000, 80 000, and 35 000 ha,
respectively. The principal cereals -sorghum 
and millet - have estimated average yields of 
500 kg and 400 kg/ha, respectively.

Annual grain requirements for the population
of approximately 5 million is esti -d at about 
1.2 million metric tons (tonnes,. However, inrecent drought years, grain production has
been in the order of 500 000 to 700 000 tonnes,
resulting in a serious food deficit, 

As is obvious from past research results,
there is enormous scope for improvement,
However, to achieve these improvements "the
transfer of technology" bottleneck must be
removed. For that purpose a detailed under-
standing of variou~s environments and their
limitations, both physical and socioeconomic,
is required. Next, adaptable technology within
reach of average farmers can be proposed.

In this paper an attempt is made to analyze
the major constraints on sorghum and millet
production in Upper Volta and indicate a 
strategy that ICRISAT intends to follow to im-
prove the situation. Some promising results
obtained over the first 4 years of ICRISAT 
involvement will be used to illustrate various 
points. 

Agronomist and Sorghum Breeder/Team Leader,
ICRISAT. 

Present Status: Environment 
and Limiting Factors 

In this section some main characteristics of the 
present agricultural systems, their merits and
their limitations, are described to provide a
background against which any changes and 
improvements will have to take place. 

Cropping Patterns in Relation
 
to Climate and Soil
 

In Upper Volta distinct cropping patterns have 
evolved over the ages under the influence of
both climate (particularly rainfall) and soils. 
These aspects will be discussed first, because
they will logically indicate the major physical
constraints to improved production.

Based on the rainfall patterns, the countrycan
besubdivided into three broad ecological zones 
(Fig. 1). The total annual rainfall ranges from
400 mm in the north to over 1000 mm in the
south; the duration of the rainy season in
creases from approximately 2/2 months ir
the north to 6 months in the south, with the 
overall distribution becoming less erratic 
to the south. The start of the rains is rather 
erratic everywhere. For example, around 
Ouagadougou the rains areestablished by early
June once out of 4 years, but the same proba
bility occurs for the end of June or later. For the
three major ecological zones - Sahelian, north 
Sudanian, and south Sudanian- more de
tailed data are provided in Table 1. Closely
linked with this shift in rainfall are the predominant crops grown in each zone  mainly
pearl millet in the noithern, sorghum and millet 
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-,.,,, ,,omo Figure 2. Schematic presentation of crops 

grown on dih'erent soil types com
monly present in toposequences in 
Upper Volta. 

Figure 1. Climatic regions of Upper Volta. 

in the central, and sorghum and maize in the _, 

southern zone. 
However, within particularly the central and / 5 

northern zones, similar changes in crops resplt 
from different soil types that commonly occur in i 

toposequences (Fig. 2). Thus millet is grown 
mainly on relatively dry soils of the plateau and ; , 
upper slopes (these are often shallow and k./ 
gravelly loam soils, less than 50 cm deep, low 
overlying laterite); sorghum and maize are 
grown on the deep sandy loam soils of the 

l .04v.,., .1"9.. L..0 -w90lower slopes and towards the swamps; and rice 0 

is grown in the swamps after these have been 
inundated, generally by the middle of July. 

By using local varieties grown in long strips ! 
along a topqsequence at the Kamboinse Exper- '"t 

iment Station nepr Ouagadougou, we were able ,oo .I 
to confirm the wisdom of this traditional pattern 
in a striking way. Figures 3 and 4 demonstrate 
the crop adaptation to soil type for maize/ Figure 3 Adaptation of maize and sorghum 

sorghum and millet/sorghum studies, re- to different soil types in a toposequ
ence.spectively. 

Tabli 1. Characterization of the rainfall pattern Ir three major ecological zones In Upper Volta. 

Moan Approx Duration Approx 
annual start of of rainy no. of Peak 

rainy season rainy rainfallEcological rainfall 
(mm) season (months) days monthszone 

South 
80-95 July, Aug, SeptSudanlan zone > 1000 May 5-6 


North
 
June 4-5 60-70 July, AugSudanlan zone 650-1000 

< 650 July 2.5-4 40-50 AugSahellan zone 
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Figure 4. 	 Adaptation of sorghum and pearl

millet to different soils in a to- Figure 5. 
 Effect of planting dates on grain 
posequence yields of two cowpea varieties. 

Obviously this interaction between climate pecially if the rains stop early. As a result,
(mainly total rainfall and its distribution), soils the farmer in the central and northern zones 
(their available water-holding capacities), and faces a dilemma with respect to soil prep
crops (their drought-tolerance and/or escape) is aration, because the gains frequently do
of prime importance in reducing risks and in not outweigh the yield losses incurred by a 
stabilizing agricultural production. As such it is delay in planting.
of fundamental significance to the introduction 2. Soils: With the exception ef the common 
of improved crop varieties and agronomic shallow gravelly soils, most soils have
techniques. reasonably available moisture- holding 

capacities (100 to 150 mm). However, theyMajor Factors Limiting Production have a serious problem of crusting and low 
rate of infiltration of water, which seriouslyAs mentioned earlier, cne generally does not affects the crop stand and production.

deal with single factors but rather with a com- These soils also have low fertility be
plex of interlinked limiting factors. For ease of cause of a 	 low amount of organic matter 
presentation, we will nevertheless distinguish and general deficiency of nitrogen and 
between physical factors and socioeconomic phosphorus. 
ones while giving some examples. 

Socioeconomic Factors 
Physical Factors 

1. Technology: Most farmers rely completely1. Rainfall: The total amount of rainfall and its on traditional technology and use a small 
distribution are unpredictable. Though the hand hoe as the only tool. As a result, soil 
likelihood of drought is greatest at the start preparation, incorporation of crop resi
and end of the season, mid-season dues, and use of organic manures are 
droughts are also common. Early planting, uncommon. Fertilizers are also rarely used. 
though risky, is essential to fully utilize a The local sorghum and pearl millet var
short growing season. Moreover, the yields ieties, which are mostly full-season and 
of most photosensitive varieties suffer photosensitive, need early planting and are 
greatly from delayed planing (Fig. 5), es- well-adapted to hand labor. However, with 
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improved cultural practices and fertilizer, 
they grow excessively tall and their harvest 
index is poor. 

2. 	Subsistence farming: Many farm com-
munities rely solely on subsistence farm-
ing. Thus the availability of ready cash to 
buy inputs - chemical fertilizers or 
insecticides.-- or to invest in oxen cnd 
machinery is very limited or absent. 

3. 	Communication: This is probably one of 
the most serious bottlenecks in the transfer 
of technology and involves physical 
aspects (lack of roads and transportation) 
as well as traditional and cultural barriers 
(e.g., language). 

Thetransferof technologytothesetraditional 
communities can be jeopardized by failure to 
recognize various limiting factors and their 
interactions, and by efforts to introduce too 
many novelties at the same time. 

Improved local sorghum 3nd pearl millet 
varieties have showni yield potentials of 2 to 3 
tonnesiha when grown on experiment stations 
under improved management conditions, but 
average yields of these varieties in farmers' 
fields have remained static at the level of 400 to 
500 kg~ha. 

To pinpoint the reasons for these ow yields is 
difficult. Nevertheless, it appears that many 
improved techniques were unrealistic for 
subsistence-type agriculture, that the long 
maturity duration of improved local varieties 
did not match with theavailable soil moisture in 
medium deep and shallow soils, and that the 
absence of an infrastructure to assure input 
availability and a guaranteed grain price may 
not have given adequate incentives to the 
farmer. 

However, with consistent technical and 
iinancial support, progress can be made, as is 
shown by cotton. Yields of this crop have 
steadily increased as a result of a consistent 
effort by the CFDT (Compagnie Franqiase pour 
le Developpement des Fibres Textiles) assuring 
subsidized fertilizers, insecticides, and other 
inputs as well as a guaranteed price for farmers. 

ICRISAT's Approach 
and Progress 

ICRISAT initiated its research effort in Upper 
Volta with the stationing of a sorghum breeder 

in 1975, a plant pathologist in 1976, and a millet 
breeder and t-vo agronomists in 1977. A Striga 
scientist, an entomologist, and a production 
economist will be joining the team during 1979. 
In view of the farmers' economic limitations, 
major emphasis is placed on efficient use of 
biological and environmental resources in 
combination with locally prodU'ed inputs (e.g., 
natural phosphate; animal-drawn equipment). 
The activities are concentrated mainly in the 
region between the isohyets 400 and 800 mm 
(northern and central Upper Volta). 

Among the biological resources, crop im
provem' it is of prime concern. On the ag
ronomic side, the role of legumes either in 
rotation or intercropped with cereals is studied 
as a means to provide biologically fixed nitro
gen rather than expensive fertilizer-nitrogen. 

The exploitation of environmental factors 
such as rainfall and soils involves utilization of 
the entire crop season, while minimizing risks 
through intercropping (e.g., early and late
maturing crops), as well as studies on the 
adaptation of crops and crop varieties to diffe
rent soils. 

Multilocation varietal testing was started 
early in the crop improvement programs, and 
large demonstration plots for the most promis
ing sorghum varieties were started in 1978. 
Agronomic off-station testing started in 1979 
with a series of experiments along a north
south axis through the country. Meanwhile, an 
agronomic demonstration program has been 
developed for a traditional village in cooper
ation with the peasants. This is considered a 
crucial study in the development and transfer of 
improved and adapted technology. 

Crop Improvement Needs 
and Introduction of Improved 
Varieties 

Upper Volta has a wide range of different 
environments (climates and soils), in addition 
to a rather unpredictable rainfall. No single 
millet or sorghum variety can effectively cope 
with all these different conditions. In addition to 
the well-adapted photosensitive (full season)
local varieties, other improved sorghum and 
millet varieties of various maturity classes 

could greatly assist in further increasing and 
stabilizing grain production. 

The major breeding objectives for sorghum 
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are: shorter plant height (about 2 m) and high
harvest index; resistance to diseases (sooty 
stripe, Helminthosporium, anthracnose, zonate 
leaf spot, charcoal rot, and grain mold), pests
(shoot fly and midge), and drought; white, 
shining, bold grains with hard vitreous endo-
sperm and high cooking quality; high seedling
establishment; and a stab!e and superior yield 
over locations and years.

Similar breeding objectives are formulated 
for pearl millet, including synchronous tillering
and resistance to diseases such as downy
mildew, ergot, and smut, though for this crop 
one faces two entirely different ecological zones(Sahelian and central), which has required twodifferent breeding programs. 

Taking sorghum as an example, three major
cultivar types are considered essential:

1. Full-season (130-140 days), photosensitive 
sorghum suitable for early planting on 
deep good soils near swamps, mainly In 
the 650- to 800-mm rainfall zone. To realize
their yields these materials rely for grain
filling mainly on residual moisture utilized 
in thedry month of October, This response
is 	 demonstrated in Figure 6 for a local 
variety grown on a toposequence. As a 
result of the greater available soil moisture 
at the lower end of the slope, the yield
increased by approximately 50%. Because 
of their photosensitivity, these materials 
can be planted early (depending on the 
start of the rains) but not after the end of 
June, when yields will start to drop 
dramatically (compare Figs. 6 and 7).
Currently, an improved high-yielding vari-
ety of this type is not available, 

2. 	 Partially photosensitive sorghum (ap-

proximately 120 days), suitable for plant-

ing in the second half of June and harvest-
ing by the second half of October, are 
required also for the 650- to 800-mm rain-
fall zones. Such cultivars are suitable for 
planting on soils of medium depth (50 to 
70 cm) or on deep soils when rains arrive, 
by the middle of June. The improved
variety E35-1 was identified to meet these 
requirements in addition to acceptable
plant height (2 m) and grain quality. In the 
same toposequence mentioned earlier, it 
outyielded the local variety for early June 
planting as well as late June planting, 
particularly on the upper part of the sequ-
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Figure 6. Yields for two sorghum varieties 
planted 28 June 1978 along a to
posequence. 

ence, which was more drought prone.
Similar superior yields were obtained in 
multilocational trials. Presently, E35-1 is 
being studied in large on-farm demonstra
tion plots mainly in the central zone. 

3. 	Photoinsensitive sorghum (approximately 
100 to 105 days), suitable for planting
during the first half of July and harvesting 
by 	mid-October. These cultivars would 
serve many purposes. Because of their 
short maturity, they are able to avoid both 
early and end-of-season droughts. As a 
result, not only can they be grown on 
shallow soils - traditionally in millet - in 
the 650- and 800-mm rainfall zone but they 
can also serve as an alternative when early
plantings of photosensitives on good soils 
have failed (Figs. 6 and 7, giving a com
parison of local varieties with improved 
photoinsensitive VS702 in toposequence 
of soils, are a good illustration of this 
principle). Varieties such as SPV35 and 
65/30 serve well on good soils in the 
northern zone, where the rains are still less 
than 600 mm and the overall season is 
shorter. It is interesting that in all cases the 
yield potentials of these photoinsensitive 
materials have been 50-100% higher than 
for 	the local, even when the latter were 
planted at their optimum (early) planting 
dates. 

147 



respect to plant population, planting date, 
and adaptation to different soils (topo
sequence studies). 

2. Intercropping studies with sorghum or 
, "millet as base crops and maize, cowpea, or 

VS72groundnut as intercrops; soil type and 
-	 gao rainfall characteristics are used as criteria 

for possible crop combinations. 
3. 	 Management studies, emphasizing the 

improvement of moisture infiltration and 
erosion control while maintaining soil fer01 
tility through cereal/legume intercropping 
or rotations. 

Figure 7. 	 Yields for two sorghum varieties The work on varietal testing is done in close 
planted 15 July 1978 along a to- cooperation with the breeding programs and 

posequence results have been discussed under Crop Im
provement. Those results are also of great 
importance for the intercropping studies. Indi-

Presently, VS702 for mainly the central cations during the first two seasons have been 
zone and SPV35 and 65/30 for the northern th3t intercropping serves to minimize risks in 
zone are being studied in large on-farm bad years and maximize yields in good years. 

done fordemonstration plots. All r. o:i?! have Intercropping work is presently 
been received well with respect to their areas with more than a 700-mm rainfall and a 
cooking qualities, cropping season of more than 120 days, which 

allows the combination of early and late-

Agronomy and Farming Systems maturing crops; land can thus be occupied 
efficiently for the entire season. Combinations 

It is well known that experiment station con- mainly for the better soils are based on full

ditionsin general are rather different from those season sorghum as base crop, with early 

in farmers' fields. Moreover, agronomic studies cowpea, maize, or millet as intercrops. Cowpea 

tend to look at two or three factors at a time, and maize intercrops have shown the most 

which may or may not be important for a promise. 
For drier areas of less than 700-mm rainfallfarmer. 

In order to make practical recommendations and a cropping season of fewer than 120 days 
on poor shallow soils under high rainfall, cropsuitable for farmers' conditions, our agronomic 

research has taken up these studies: combinations that complement each other in 

* 	 On-station agronomic research (Kam- some other way than their maturity (e.g., cereal 

boinse) and legume; tall and short plant types) are 

* 	 On-farm testing and demonstrations studied. Interesting yield gains were obtained 

(along north/south axis from Ouhigouya from millet/groundnut intercropping. During 
the 1979 season, major emphasis is placed onto Tisbele) 

Farming systems studies in a traditional 	 the cereal/cowpea intercropping systems,* 
a new and which are of concern to all rainfall zones in thevillage (Nakornzenga) and in 

controlled development project such as country. Cowpea is an important component of 

the land resettlement scheme, AVV the local cropping systems, but seems greatly 

(Amdnagement des Valides des Voltas) 	 underexploited. Among its useful secondary 
characteristics are competition with weeds, 

quick soil coverage that reduces erosion, and
On-station Agronomy 

nitrogen fixation. 

Three main aspects are studied at the Kam- The beneficial effect was clearly demon
strated in a management study at Kamboinse.boinse Experiment Station: 

1. Varietal testing of the most promising Cowpea as a preceding crop doubled sorg
lines with hum yields in the following year, irresorghum, 	millet, and cowpea 
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spective of the soil preparation treatment, 
plowed or nonplowed (Fig. 3), and in the ab-
sence of a N fertilizer application. Obviously, 
this type of result is applicable to both 
mechanized and nonrimechanized farming con-
ditions and therefore merits study on a larger
scale in the on-farm testing program. 

On-farm Tc%;fi,,c and Demonstration 

This part of the program serves a dual purpose: 
first, for the research worker to verify the effects 
of different envir rnnts (rainfall and soil) on 
the performance of new varieties arid ag-
ronomic techniques, and second, as a demon-
stration to aid the extension worker and the 
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Figure 8. Effects ofplowing and time ofplow. 
ing on sorghum grain yields for a 
sorghumlsorghum and for a 
cowpealsorghum rotation on shal-
low gravelly soil. 

farmer in the transfer of technology. For the 
latter, and because one depends on outside 
cooperators, the trials have a fairly small 
number of treatmearts, which are repeated as 
part of a much largir trial at the experiment 
station. 

For the 1979 season, nine sites have been 
selected, covering the region between isohyets 
500 mm tOuhigouya) and 1000 mm (Tidbele). 
The study will include the following aspects: (a)
comparisons between local sorghum and im
proved sorghum E35-1 and VS702, each 
planted at two dates to cover the entire planting 
season from end of May till mid-July; (b) com
parisons between three improved cereal/ 
cowpea intercropping systems; (c) responses 
to rock phosphate by cereals and cowpea and 
evaluation of residual effects in the following 
season; and (d)responses to residual nitrogen 
fixed by crwpeas in pure and intercropped 
conditions in the following season. 

Farming Systems Studies 

To really appreciate and evaluate the impact of 
varieties and techniques, these have 

be seen in the overall context of a farm 
operation. 

In this respect one can distinguish between 
two situations, both of which are present in 
Upper Volta- the traditional village hardly 
touched by extension workers, and the newly 
developed and greatly controlled farms in the 
AVV. In the first setup, operations are based on 
hand labor using mostly traditional cropping 

and patterns; in the second, animal 
traction is employed, and a strict rotation
schedule of pure crops (cotton, sorghum, 

and maize) is followed.During the 1979 season, a btudy has been 
started in a traditional village on the Mossi 
plateau. The aim is to involve the farmers in a 
small demonstration program, study their reactions to various improved technologies, and 
later evaluate the impact of these demon
strations on their way of farming. In this prog
ram, the production agronomist, land and water 
management agronomist, and economist willcooperate in an effort to set up guidelines for 
the transfer of technology. 

It is hoped that by 1980 a watershed man
agement study can be started on the second 
and more advanced type of farm. 
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Generation and Transf" of Technology
in the Americas 

Leland R. House* 

Abstract 
ICRISAT's involvement in the Americas has been primarily with sorghum and, to asomewhat lesser extent, with pearl millet, groundnut, chickpea, and plgeonpea.Scientists from these crop improvement programs have kept in close touch withdevelopments in Central and South America through personal visits and exchange ofinformation and germplasm with scientists. ICRISA Thas a sorghum breeder po-tedatCIMMYT in Mexico, wr; 4'rq primarily on high-altitude crop improvement. In recenty,.ars, sorghum produ.,w has increased tremendonsly in Latin America, principally inMexico, Argentina, and Brazil. Sorghum serves mainly as a feed for animals in thesecountries, and it has made an indirect contribution to food production by freeing more ofthe primary crop, maize, for human consumption. But sorghum also serves as animportant food for humans in Honduras, Guatemala, El Salvador, and Nicaragua, andother countries are showing an increasing interest in it as a food crop. Priorities forimprovement of sorghum in Central and South America include the need to breedvarieties for use by the poorer farmers as an intercrop with corn and beans, to screen forresistance to important pests and diseases found in these countries, and to increase thetraining of, and exchange of information with, Latin American scientists. 

In recent years there has been a tremendous 
increase in the production of sorghum in the 
Americas, particularly in Mexico, Argentina,
and Brazil. Increases in grain sorghum produc-
tion have also been great in Colombia, Peru,
Uruguay, and Venezuela; these increases have 
come both from area sown and increased per
hectare yields (Table 1).

Because ofthis expansion, it is often assumed 
that little outside assistance is needed, even 
from such institutes as ICRISAT. Alexander 
Gribrnan (1978)with many yearsofexperience 
whi:' sorghum in the Americas, has summarized 
the situation thus: 

"The tremendous increase in feed grain produc-
tion that in most cases served as a base for the 
increase in production of poultry products was 
spearheaded by sorghum .... Crop production
technologies, based on hybrid sorghum, hybrid
maize, use and availability of fertilizers, tractor 
power, herbicides, combines, and the introduc-
tion of high-yielding soybean cultivars, 

PrincIpal Sorghum Breeder, and Leader, Sorghum
Improvement Program, ICRISAT. 

lodging-resistant, shatterless, and combinable, 
werethe basis onwhicha profitable agricultural 
pattern emerged. Very little of this technology
went to small farmers. It was not intended to 
either by the technology generators and prom
oters or by the governments. In Mexico, the 
sorghum areas were mostly located in previ
ously large cotton estates; rice was also expel
led from the new sorghum areas. These were 
mostly medium to larger farmer crops. In the 
sorghum areas of Venezuela, Argentina and 
Colombia there were also larger farmers. In
Peru, large farmers started planting sorghum,
and as the agrarian reform proceeded, large 
agricultural units were retained in the process, 
so that no real change in economics of scale 
occurred, as large units continued planting
hybrid corn and hybrid yellow feed sorghum. 

"In all of the countries the emphasis was set 
up in quick-high technology increase in grain
production over the shortest time span. This was 
achieved very quickly and efficiently, very little 
extension outlay having been needed in the 
process. The technologies were to a great exient transferred in complete packages and very
easily adapted and adopted by farmers, who 
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Table 1. Grain sorghum production In the Americas; 1977 compared to 1969-71 and 1961-65 

Area (1000 ha) Yield (kg/ha) Production (1000 tonnes) 

Country 1961-65 1969-71 1977 1961-65 1969-71 1977 1961-65 1969-71 1977 

Costa Rica 22 6 20 1210 
Cuba 3 1 
Dominican Rep. 4 7 
El Salvador 104 121 144 1020 
Guatemala 25 50 54 640 
Haiti 260 214 224 700 

Honduras 69 31 71 800 
Mexico 205 934 1190 2210 
Neth. Antilles 3 3 2 1670 
Nicaragua 50 56 52 940 
USA 4909 5820 5692 2830 
Argentina 855 1979 2630 1590 

Brazil 1 182 
Co:oe,sbia 13 64 117 2390 
Er;uador 1 
Paraguay 3 4 6 T070 
Peru 1 4 18 1950 
Uruguay 32 42 80 520 
Venezuela 1 4 163 2170 

N & C. America 5999 7243 7456 3000 
S. America 905 2097 3257 1560 

Source: FAO Production Yearbooks 1971 and 1977. 

counted with a basically unlimited market, and 
prices mostly above international standards." 

Several important things occurred in this 
process. The rapid increase in the use of 
sorghum was spearheaded by multinational 
corporations and later adopted by local corpo-
rations. Both private and public research was 
strengthened, and today in Argentina, for 
example, only about 20% of thesorghums used 
come directly from the United States. An infra-
structure for sorghum research and production 
has been established in many Latin countries, 

Maize is "king" in the Americas, but the value 
of sorghum in areas marginal for maize has also 
been realized. "As sorghum moved into the 
drier areas of the Argentinian Corn Belt, an 
interesting phenomenon took place with maize. 
Because maize was left in the more humid areas 
of the province of Buenos Aires, maize yields 
went up (1700 kg/ha in 1969 to 2840 kg/ha in 
1974). Again in spite of sorghum being an 
imported technology, sorghum yields, as an 
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average, are similar to the yields of maize in 
Argentina, in spite of the distribution - of both 
crops in different precipit,-tion areas (mean 
sorghum yields during 1973-76 are 2529 kg/ha, 
while mean maize yields 1973-76 are 2546 
kg/ha)" (Grobman 1978). 

Sorghum has become a crop of importance 
(Table 2) in the Americas. The use of sorghum 
as an animal feed has released considerable 
quantities of maize for use as human food. This 
has been and will continue to be an indirect but 
important contribution to the food situation in 
the Americas. 

Data in the 1976 FAO Yearbook highlights a 
serious cereal deficit in the Central American 
countries, which imported 165000 metric tons 
(tonnes) of wheat - 87% of their total 
requirement - and 223 000 and 160 000 tonnes 
of maize in 1973 and 1976, respectively. 
Honduras and Ei Salvador are food priority 
countries, based on a classification of the World 
Food Council. From 1972 to 1974 the Central 
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Table 2. Major cereal crops in Central
America. 

Rank of Importance 

Country Sorghum Maize Wheat Rice 
-

Mexico 2 1 3 
Belize 	 1 2 
Honduras 2 1 
Guatemala 2 1 

El Salvador 2 1 
Costa Rica 3 1 2 
Nicaragua 2 1 3 
Panama 	 2 1 

Source: lADS, 1978. 

American countries imported from 11 to 58% of 
their cereal requirements (lADS 1978). 

The nutritional information available for 
Central and South America shows that, except 
for Argentina, calorie and protein intake is low. 
In El Salvador and Bolivia, it falls below that of 
India. The poorest half of the population of 
Honduras consumes only 68% and 61% of the 
minimum daily requirements of calories and 
protein, respectively. Generally rural popu-
lations in the Central American countryside 
consume twice as much cereal (primarily corn), 
more beans, and about half as much milk, eggs, 
meat, green vegetables, fruit, wheat, and fats as 
urban populations (INCAP 1968). 

Information such as this brings the situation 
into better perspective. Although sorghum pro-
duction has increased substantially in several 
countries of the region, one cannot extrapolate 
this too far. Sorghum is the second most im-
portant cereal of the region, with average yield 
figures ranging from 1200 to 2500 kg/ha on 
larger farms. But on smaller farms in the same 
region, the average yields may range from 400 
to 1000 kg/ha, indicating an obvious need to 
focus research on the poorer farmer, 

It seems evident that ICRISAT need not be 
concerned about sorghum improvement in 
more temperate areas, where emphasis is on 
large-scale feedgrain production and where 
research input already rests on the vast in-
vestment in the United States and that rapidly 
developing in some of the temperate Latin 
countries. However, ICRISAT might well con-
tribute its experience and knowledge of sor-

ghums in the more tropical areas to which the 
Institute has access. 

Much of the following information has come 

from study trips made in the Americas. 
The subsistence farmer is found in essentially 

four situations: 
(1) drier areas, such as northeastern Brazil,

where rainfall is highly variable and 
drought is common; 

(2) areas of acid soils, frequently with 
aluminum toxicity and poor availability 

of 	 nutrients, particularly phosphorus; 
these soils are found extensively in Brazil, 
parts of Venezuela, and Colombia;

(3) high rainfall areas, where periods of 
drought are common, fields frequently 
are rolling to steep, with high runoff and 
poor water penetration, and soils have a 
low water-holding capacity; such situ
ations are typical of much of Central 
America; and 

(4) 	higher elevation areas, of both high and 
low rainfall, such as in parts of Mexico. 

Generally, the larger commercial farmers 
sow hybrids, frequently in coastal or lower 
elevation areas; the poorer farmers sow va
rieties, frequently on rolling to hilly land. The 
cultivar range is substantial, from virtually 
100% hybrid in Mexicoto90% variety in anarea 
of Guatemala. More than 50% of the sorghum 
area in Central America - except Panama - is 
sown to varieties. 

In Mexico, research has been under way for 
over 15 years to develop sorghums adapted to 
cold dry situations, and progress has been 
made in developing food and feed types. The 
initial problem was failure of seed set because 
of the cold temperatures; this was solved using 
three cold-tolerant types originating in Uganda. 
The problem now isto find varietiesand hybrids 
early enough to be sown with the rains and to 
mature before killing frost. 

Research to idcntify short-season cold
tolerant types was initiated by CIMMYT; the 
Irternational Development Research Centre 
(IDRC) began support of the program in 1974, 
and ICRISAT assumed responsibility in 1977. 
During this period the Instituto Nacional de 
Investigacion Agropecuaria (INIA) and the Uni
versity of Chapingo also initiated their own 
research programs, and all three agencies are 
continuing research for the advancement of this 
material. 
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An effort is being made to develop white- Priorities for sorghum improvement have 
seeded food quality types that fit the short been identified: 
growing season (65-75 days to flowering). 1. There is a need, in Central America, to 
Currently, it is necessary to start the crop about breed for varieties to be used by the poorer 
1month before the rains, with irrigation, sothat farmers as an intercrop with corn and 
it will mature before a killing frost. This year a beans. The current Criollo type is about 
regional trial of cold-tolerant types has been 1 month too long in maturity. This type of 
sent to 14 countries: research has been initiated at the Centro 

Nacional de Tecnologica Agropecuaria 
Canada France Nepal (CENTA), the research agency of El Sal-
China Guatemala Philippines vador. Several earlier selections - ES-
Ecuador Honduras Rwanda 199, ES-200, and ES-406 - have been 
El Salvador Kenya USA made from Criollo. Agronomic sxperi-
Ethiopia Lesotho ments involving variety, levels of fertili

zation, and intersowing techniques have 
In addition, 80 shipments of seed were sent all been initiated. The ICRISAT program has 
over the world during 1978. not yet had the opportunity to become 

Last year, at the CIMMYT headquarters at El involved in this type of research, but is in a 
Batan (elevation 2240 m, latitude 800N),a good position to contribute with its vast 
trial of food-type sorghums was conducted array of food-quality, tropically adapted 
with irrigation. Results were as follows: sorghums. An El Salvador substation of 

the ICRISAT-CIMMYT station would be 
valuable. 

Range Mean 2. Several insect pests are important in the 
Americas (Table 3), especially sugarcane

Yield (kg/ha) 2950- 5850 4200 stalk borer (Diatraea spp), fall army worm 
Days to 50% flower 84- 120 103 (Spodoptera frugiperda), and midge (Con-
Plant height (cm) 85- 145 109 tarina sorghicola). 

During the 1979 season, the second 
It is apparent that, while yields are good, the 
time to flowering is too long. Significantly, 
during the 17I season, several plants flower- Table 3. An approximate distribution of In
ing in less than 75 days were identified and are sect posts of sorghum In Latin 
being advanced in the breeding program. It is America. 
worth noting that hybrid yields have exceeded 
7000 kg/ha. E 

If special project funds can be found, there is E o 
interest in expanding research activities of the ® E E .-

> .. .0ICRISAT-CIMMYT station to devote about 20% 
of its total effort to sorghums for the highlands 3: C,- 3 

- 'FO nand about 80% for intermediate and low-
elevation areas where sorghum is currently Country cn U! 6 k - 05 

being used. Existing cold-tolerant types might Mexico x x x x x 
be useful at lower elevations; this is being Guatemala x x x 
determined in Mexico, in cooperation with INIA. El Salvador x x x 
There is interest in Guatemala in an area of Nicaragua x x x x 
about 1800-m elevation. Colombia x x x x x 

The sources of cold tolerance generally came 
from long-season, photosensitive types from Venezuela x x 

North x xEast Africa; as a spinoff from these came types BrazilBrazil Centralx x 
with a range of maturities, and those of inter- Bolivia x x x x x x 
mediate maturity have already been used in Argentina x x x 
country programs. 
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screening of selected sorghum entries for
resistance to the stalk borer and fall army 
worm has taken place. Evaluation was by
artificial infestation in cooperation with 
the CIMMYT entomologist. An input
should be made to help expand this 
activity. 

Resistance to midge has been a matter 
of concern at Texas A&M University for 
several years, and the breeding program
for midge resistance at ICRISAT Center is 
being strengthened. Currently, resistant 
lines are available in Mexico but have not 
yet been effectively incorporated into 
superior agronomic types for the region.
Over the next few years, this activity
should be phased in. 

3. 	Several diseases are of concern 
(Table 4): anthracnose (Colletotrichum
graminicola), downy mildew (Sclerospora
sorghi), grey leaf spot (Cercospora sor" 
ghi), other leaf diseases, and grain molds. 

Research for resistance to anthracnose 
is under way in the United States and 
Brazil; cooperation with those programs is 
important but yet to bc established. An-
thracnose is not a severe problem in India 
and research could best be done in the 
U.S. and Brazil. 

Table 4. An approximate distribution of sor-
ghum diseases in several Latin
American countries. 

0chkcha, 
CSorghum 
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Mexico x x x 
Guatemala 
El Salvador 
Nicaragua 

x 
x 
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x 
x 
x 

x 
x 

x 
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x 

x 
x 

x 
x 
x 

Colombia x x x x x x 

VenezuelaEazil North 
x x x X 

Brazil Central x 
Bolivia x 
Argentina x 

Although downy mildew is being re
ported more frequently, efforts to find 
resistance to it in the Americas have been 
successful. The incorporation of resis
tance in breeding stocks does not appear
tobedifficultandshouldbeundertakenas 
part of the summer nursery program at 
Poza Rica, a low elevation (50 m) CIMMYT 
station in Mexico. 

The summer season at Poza Rica is wet 
and humid and provides an excellent op
portunity for testing for resistance to leaf 
diseases, including grey leaf spot.

There is a substantial program at 
ICRISAT Center for the development of 
agronomically elite types with resistance 
to grain mold. Already, entries from this 
program have been sent to Mexico and to 
scientists ii other Latin countries. 

4. 	Sorg hum is used in the Americas primarily
for animal feed but it is also used as a 
human food (Table 5), and research to help
expand this use should be intensified. In 
Guatemala, about 80% of the sorghum
production is in association with corn and 
beans; about 64% of this is for home use,
mainly for tortillas (40-50%). In El Sal
vador about 50% of the production goes
into tortillas; in Nicaragua about 8% of the 
production goes into food, as tortillas, and 
into a drink called tiste. There is apparently
a rising interest in the possible use of
sorghum as a food in Colombia, where
there is already a limited use in making 

soup, bread, and a fermented drink called 

flour isused in these countries 
to extend maize; sometimes tortillas are 
made of flour that is one-half corn and 
one-half sorghum. Several countries of 
South America -Argentina, Brazil,
Colombia, and Venezuela - extend wheat 
flour with sorghum flour. Food techr., Y 
laboratories are experimenting with ihe 
use of sorghum flour to extend wheat at
the Manfredi station in Argentina and at 
I'eCampinasstationofSa oPauloStatein 
idrazil. Elite sorghum types have been sentfrom ICR;3AT to the Manfredi station. 

Initially, sorghums in the cold-tolerance 
programn were of a feed type, but 5 years
ago emphasis began to shift to foodgraintypes; now breeding for food-quality grain 
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Table 5. 	 Countries using or interested in 
using sorghum for food. 

Sorghum now Interested inused sorghum 
Country as food for food 

Honduras Yes (23 400 ha) Yes 
Costa Rica No Yes 
Panama No Yes 
Ecuador No Yes 
Peru No Yes 

Bolivia No Yes 
Guatemala Yes (24 400 ha) Yes 
El Salvador Yes (62 500 ha) Yes 
Colombia Very little Yes 
Nicaragua Yes (5000 ha) Yes 

Yes (highMexico No 
elevation) 

is an important aspect of the ICRISAT-
CIMMYT program. A number of samples 
have beer, evaluated by the food technol-
ogy laboratory at CIMMYT, and a variety 
that makes excellent tortillas has been 
identified. This variety will be further 
evaluated at intermediate elevations. 
There is a program at ICRISAT Center to 

identify good food-quality types, and the 
best of these have already been sent to 
Mexico. 

5. 	 ICRISAT scientists have become increas-

ingly involved in the Americas. Sorghum 
breeders from ICRISAT Center have made 
several study trips in Central and South 
America. The sorghum breeder stationed 
in Mexico has travelled extensively in the 
Americas. Twice, teams of ICRISAT scien-
tists have visited northeast Brazil to 
evaluate research opportunities there, and 
individual scientists have returned to 
Brazil both to learn and to contribute, 
Major interest has been in sorghum, mil-
lets, and farming systems. 

As for other crops, one scientist from the 
ICRISAT groundnut program has visited 
the Dominican Republic, and the program 
leader has participated in a trip of the 
International Board for Plant Genetic Re-
sources (IBPGR) to collect in Bolivia, 
Argentina, and Brazil. 

Six of the scientists in the ICRISAT Pulse 

Improvement Program have made trips to 
the Americas, cooperating with scientists 
in Trinidad, the Dominican Republic, the 

West Indies, Puerto Rico, Mexico, Panama, 
Colombia, Venezuela, Peru, Brazil, and
Chile. 
Cie 

6. 	 Seed samples have been supplied to vari

ous Latin American countries by all of the 
ICRISAT crop improvement programs. 
Since 1975, some 4167 samples of sor
ghum have been sent to eight Latin Ameri
can countries, among them, Mexico 
(2359), Brazil (555), Colombia (408), and 
Argentina (185). In addition, since 1977, 
674 sorghum sa:mples have been sent to 
Latin American countries by the 
germplasm unit. Pearl milletsamples (156) 

have been sent by the germplasm unit to 

Brazil, Venezuela, Surinam, and Haiti. 
Some 215 groundnut samples have been 
sent to Argentina, the Dominican Repub

lic, and theWest Indies. Some 574samples 

of chickpea and 234 samples of pigeonpea 
have been distributed as foilows: 

Pigeonpea Chickpea 
Argentina Mexico Argentina Peru 
Brazil Panama Chile Trinidad 
Colombia Paraguay Dominican Venezuela 

Republic
Dominican Puerto Honduras
 

Republic Rico
 
El Salvador Venezuela Mexico
 
Honduras
 

7. 	 Training of local personnel is desired by 
almost all countries of the region. Two 
persons were trained in the ICRISAT-
CIMMYT program last year, and one is 
currently in training; six persons, five from 
Brazil and one from Honduras, have been 
trained at ICRISAT Center and one from 
Uruguay is in training now. We expect that 
such enrollment in ICRISAT training pro
grams will increase. 

8. 	 Interest v.' s expressed at the Reunion 
Internacionial de Sorgo (Buenos Aires, 
March 1978) in the Sorghum and Millets 
Information Center developing at ICRISAT. 
Frequently scientists in the region request 
ICRISAT to help provide information. An 
extensive use of the lnformation Center by 
scientists in Latin countries can be antici
pated. 
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Clearly, ICRISAT is in a position to con
tribute to rorghum improvement in the 
various agroclimatic situations where sor
ghum has, or can be expected to have, a 
useful place in the agriculture of Latin 
American countries. Additionally the 
ICRISAT station at CIMMYT provides a 
liaison between the ICRIS$T system and 
sorghum workers in ; in American 
countries and the USA. 

It can be expected that the interaction 
between ICRISAT scientists and those in 
the research institutes of L&(in countries 
will expand in years to come. 
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Training at ICRISAT 
D. L. Oswalt and A. S. Murthy* 

Abstact 
International internships, research fellowships, research scholarships, In-servicetraining programs, and apprenticeships provide opportunities for skill and concept develop
ment and practical experience at ICR/SAT Center, linking national, regional andintern,9tionalresearch and development programs with ICRISA T's scientific expertiseand research facilities. Designed to accommodate participants with diversebackgrounds, the programs enable each person to follow an individualized studyprogram most relevant to his ability and his sponsor's need. Training ranges in duration
from a few weeks to 2 years; a follow-up program communicates research findings to
former trainees and maintains contact with their progress. 

The objective of our training program is to train 
agriculturalists to work more efficiently in ag-
ricultural research, training, and extention 
programs and thereby increase and stabilize 
food production in the rainfed semi-arid tropics.
By developing practical skills and concepts, the 
program provides for an increasing number of 
scientific, technical, and service personnel who 
can assist in improving the production and 
utilization of sorghum, pearl millet, pigeonpea,
chickpea, and groundnut cultivars and in better 
exploitation of natural resources in improved
farming systems. The training programs link 
the national, regional, and international re-
search and development programs of the SAT 
with ICRISAT's scientific expertise, germplasm 
resources, and research facilities, which are not 
readily available elsewhere. 

These programs enable scientists who 
are currently viorking on problems within 
ICRISAT's mandate to become familiar with the 
adapted geimplasm and research technology
for increased and stabilized food production in 
the semi-arid regions of the tropics.

Participants in the training programs at 
ICRISAT are primarily from, or are interested in 
working in, the semi-arid regions of the world. 
These regions urger'v need persons skilled in 
resGarch and technologytransfer to manage the 
utilization and conservation of natural re-

Principal Training Officer and Senior Training 
Officer, ICRISAT. 

sources. Efforts toward increased food produc
tion and an improved standard of living in these 
agricultural regions are often limited by an 
insufficient number of experienced and quali
fied persons who can effectively adopt and 
communicate improved agricultural skills and 
technology. In addition, improvement in ag
riculture is often slow, as the producer must be 
assured that accepting new varieties and 
techniques will not adversely affect his source 
of food and farm income. Farmers are also slow 
to accept recommended changes when the 
scientist is unskilled and insecure. 

ICRISAT's training programs are designed to 
accommodate persons with diverse education 
and experience. Individual programs are de
veloped in association with scientific and train
ing staff, permitting each student to conduct his 
own experiments, trials, or demonstrations, 
using the ICRISAT collection of natural and 
scientific resources unique to the physical,
economic, and social environment of the SAT. 

The transfer of technology in the training 
programs starts when the individual develops
hip research plans or undertakes practical
experience with the research scientists and 
Iraining supervisors. The staff, equipment,
germplasm, natural resources, and physical
facilities and the trainee's abilities, attitudes,
motivation, and experience combine to form an 
ideal training-learning situation in which skill
and concept development can be practically
oriented to laboratory research and food pro
duction in the SAT. 
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Types of Training 

Five types of training programs, ranging in 
duration from 1 or 2 weeks to 2 years, currently 
servt a wide range of trainee needs. 

International Interns, with recent PhD de
grees from agricultural universities of donor 
countries, learn to use a team approach to 
problem solving, to applied research, and to 
technology transfer procedures. Interns work 
with research scientists on selected on-going 
problems fo, 1 to 2 years. 

Research Fellows, SAT scientists with MSc or 
PhD degrees, work with teams of research 
scientists on specific problems, utilizing recent 
developments, techniques, and concepts. The 
length of training, a few weeks or up to 2 years, 
depends on the areas of research selected. 

Research Scholars, university students con-
ducting their thesis research, do so in a scien-
tificenvironment in whichtheyacquire practical 
experiences, concepts, and skills, and learn 
managerial techniques related to SAT food 
production and natural resource development, 
Research scholars are scheduled for 18 to 24 
months' training at the research center in order 
to collect three to five cycles of data on their 
selected thesis problem for partial fulfillment of 
their degree program. 

In-service Trainees, participate in three types 
of training programs of 6to 9 months, based on 
field problems involving a full season for the 
area in which they specialize. In crop improve-
ment, they develop the practical application of 
plant breeding techniques and the utilization of 
sources of resistance and tolerance for im-
proved and stabilized yields of the crops in 
ICRISAT's mandate. In crop production, they 
learn to utilize production and management 
procedures for application to local conditions 
and to reduce adverse influences that limit crop 
production. In farming systems, they learn to 
assess the potentialities of natural resources 
and develop farming systems that will utilize 
genetic resources, cropping systems, land and 
water management techniques, machinery, 
power, markets, and economic and human 
resources. 

Apprentices, who are agricultural engineer-
ing and other students, have a work-study 
opportunity to obtain practical experience in 
land development, water management, and 
economics, in the operation, maintenance, and 

repair of farm machinery, and in other field and 
laboratory techniques. The students are pro
vided 1 to 2 months of work experience with 
engineers, research scientists, and mainte
nance personnel. 

Organization of Training 

An advisory committee representing the 
ICRISAT research program and the Associate 
Director for International Cooperation assists 
the training staff in developing training policies. 
All applications for training are evaluated by the 
advisory committee and the appropriate Insti
tute scientist or research guide. To qualify for 
training at ICRISAT, each candidate must: 

* 	 Be sponsored by an agency or institution 
working or intending to work in the semi
arid tropics, or indicate an aptitude and 
desire to work in SAT agricultural pro
grams. 

* 	 Present records of his academic training 
and experience - including capabilities in 
the English language-which indicate 
that he will profit from the training. 

0 	 Indicate a willingness to do practical field 
work and to study and conduct laboratory 
and field research in areas compatible with 
ICRISAT's mandate and the objectives of 
the sponsoring agency's programs. 

Training programs for each category of can
didates are organized within the specialized 
sciences of ICRISAT's five crops, farming 
systems, and other ICRISAT Center programs. 
Comprehensive individualized programs, based 
on precourse evaluations and interviews, are 
developed to provide practical and theore
tical experiences in agricultural research, crop 
improvement, crop production, agricultural 
management procedures, extension programs, 
and training methods. 

The duration and content of each training 
program are adjusted to the number of seasons 
necessary to obtain adequate data and the 
desired specialization of the trainee. As an 
integral part of his training, each trainee de
velops and conducts laboratory and field experi
ments or demonstrations within the approved 
research program of the Institute. 

All field and laboratory studies are supervised 
by research scientists and training staff, with 
practical training activities forming the core of 

160 



the research and managerial experiences. The 
field and laboratory learning activities occupy 
more than 60% of each individual's training 
program. Accomplishments are periodically
evaluated on the basis of skill performance and 
theoretical concept development. Final evalua-
tions determine an individual's progress, help
establish his personal confidence, and assess 
his reaction to the training program. Evalua-
tions are also used in following up a trainee's 
later performance in fields related to the train-
ing received at ICRISAT. 

Cooperation within ICRISAT 

The field, laboratory, and classroom learning
experiences are conducted by research scien-
tists, assisted by the training staff. Research 
scientists participate directly in the training
activity as field, kiboratory, and classroom in-
structors, thesis research guides, and super-
visors of interns and research fellows. The 
training staff coordinate the individualization of 
research projects, the instruction, the evalua-
tion of practical concept comprehension, and
the follow-up rograms. They insure a balanced 
and comprehensive learning opportunity for 
each person. 

Cooperation with other Institutions 

Special assistance is obtained by utilizing the 
staff and facilities of neighboring institutions, 
French-speaking West Africans have been given 
intensive instruction in English language by the 
Central Institute for English and Foreign Lan-
guao ; and Osmania University. In addition, 
sp( cal extension methods, lectures, ard 
laboratory L!rcises have been provided by 
stiff of the Extension Education Institute. Scho-!ars conducting their thesis and practical re-
search at ICRISAT Center have been enrolled for 
their degree programs, or cooperative agree-
ments for training have been established, at: 

Andhra Pradesh Agricultural University,
Rajendranagar, India 

Himachal Pradesh Agricultural University, 
Simla, India 

Punjab Agricultural University, Ludhiana, 
India 

Haryana Agricultural University, Hissar, India 
Jawaharlal Nehru Krishi Viswa Vidyalaya, 

Jabalpur, India 

Tamil Nadu Agricultural University, Coimba
tore, India 

University of Agricultural Sciences, Banga
lore, India 

Iowa State University, Ames, Iowa, USA 
Cornell University, Ithaca, NY, USA 
Texas A & M University, Texas, USA 
Agricultural University, Wageningen, The 

Netherlands 
University of Reading, Reading, UK 
Asian Institute of Technology, Bangkok, Thai

land 
University of Manitoba, Canada 
The intera,.tion among scientists of the Insti

tute and university advisory committee mem
bers has been extensive and advantageous to 
both scholars and scientists. Indian universities, 
institutes, commercial companies, and local 
farmers have been contacted on educational 
visits. These visits demonstrate the adaptability
of research findings and germplasm to other 
research programs and farms. 

In-service Training Programs 

The following objectives are used to develop 
specific training activities within each program 
for individuals or groups:' 

Crop Improvement 

The objectives of the crop improvement 
program are to provide opportunities to: 

* 	 learn breeding techniques for improvirg 
and stabilizing yields, 

* 	 assess and learn to utilize the potential of 
the germplasm available for use in the 
SAT, 

0 practice and learn breeding techniques 
and requirements for efficient and effectiveidentification and utilization of resistances 
to 	factors that reduce production in the 
semi-arid tropics, 

* 	 work with crop improvement scientists, 
and 

* 	develop skills in organizing and managing 
a successful breeding program. 

1. Detailed outlines of these in-service training prog
rams are available from the Training Program at 
ICRISAT. 
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Crop Production 

The objectives of the crop production program 
are to provide opportunities to: 

" 	gain practical skills for increasing crop 
production in the SAT through an integ-
rated approach to natural and human re-
sources in ever-changing environments, 

* 	 assess improved cropping and manage-
ment procedures and learn how to adapt 
them to local conditions, 

" 	learn to identify and reduce adverse 
influences that limit crop production in 
rainfed semi-arid tropics, 

* 	develop an appreciation of the role of and 
the importance of utilizing social, cultural, 
and economic factors in improving agricul-
tural production, and 

" 	develop the ability to use extension 
techniques for communicating new and 
improved technology for increased and 
stabilized food production. 

Farming Systems 

Objectives of the farming systems program are 
t develop skills in natural resource utiliza-

tidevelopskillsrilnaturalresourceutiliza-
tion research related to catchment-area 
development for improved land and water 
management.m eme ent iintensive 

o 	become proficient in utilization of produc-

tion factors, research methods and 
techniquei related to agronomic practices,
tcppnge reltedmto agoi eracti,cropping systems, soil fertility, soilphysics, plant protection, farm power, 
machinery, economics, and managementskills to ensure increased and stabilized 
food production for the rainfed semi-arid 
tropics t 

Specialized Areas 

The specialized programs are to provide oppor-
tunities for: 

• 	 a skill development or improvement by 
practical experience, working with specific 
equipment and techniques, 

* 	 training and experience in working with a 
team approach to problem solving, 

* 	 developing specific new skills and 
techniques relative to identified special 
SAT problems for increased and stabilized 
food production. 

Follow-up 

National program scientists, in-country de
velopment program staff, and former trainees 
assist in identifying areas where trainee selec
tion procedures can be improved, where addi
tional training is required, and where additional 
training programs are needed. Contact is main
tained through correspondence and personal 
visits by ICRISAT staff who are working and 
travelling in areas where former trainees are 
employed. Germplasm, reports, and newslet
ters and informational materialsare provided to 
former trainees to keep them abreast of new 
developments. Such follow-up contact is 
maintained with 174 trainees from 35 countries 
who participated in over 30 000 man-days of 
training at ICRISAT from 1974 through 
1978. 

Looking Ahead 

The number of trainees at ICRISAT Center is 

expected to increase by 1980 to an optimum at 
any onetime of 60to75 in-service trainees, 10to15 research scholars, 10 to 12 research fellows, 
and 10 to 15 international interns, plus special 

area trainees (a few days to a few weeks for 
groups of up to 25 to 30 persons at a time) fortraining in such areas as pathology,microbiology, entomology, land and water 

management and cropping systems. 
A major restriction to the number of applicants will continue to be the inability of nationalresearch programs, development program 

rsac rgas eeomn rga 
sponsors, and Institute staff to identify persons 
qualified in English and agricultural science 
from areas where the predominant languages 
are French, Portuguese, Arabic, and Spanish. 

The number of potential trainees with satis
factory education, research, and agricultural 
training and experience in most SAT regions is 
relatively low, a condition expected to continue 
until the number of science graduates in
creases. The third limiting factor will be the 
number of persons the research and training 
staff can accept for instruction in the laboratory, 
classroom, library, and seminar facilities of 
ICRISAT Center. 

To meet the needs of the regions within our 
mandate, the in-service training program an
ticipates accepting approximately 66% of its 
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nominees from African SAT regions where 
trained scientists are few. The remainder will be 
accepted from other regions. Approximately
equal numbers of research scholars and re
search fellows will be considered from the 
African regions and from southern Asia; the 
remaining one-third will come from other 
regions of the world. 

Instruction at ICRISAT will continue to be 
mainly in English. Intensive English language
training coursas will be conducted at 
Hyderabad or encouraged in the home country 
to facilitate the use of a common set of instruc
tional materials and provide a wider source of 
literature to the trainees. Audio-tutorial teach
ing units in English and other languages can be 
used at ICRISAT to broaden the opportunity for 
those not fluent in English. Developmen! of 
training programs in other language-group 
areas of the world will be explored as the 
number of potential trainees in a region in
creases or as regions obtain training facilities. 
However, the generally small number and 
widely scattered agricultural science graduates
working in the semi-arid regions reduces the 
feasibility of establishing training centers in 
specific language regions for the 6-month type
of individualized practical training programs. In 
addition, training in one's home environment is 
less valuable than experience gained in a new 
environment with a different range of natural 
resources and research facilities. 

The number of requests for pigeonpea,
chickpea, groundnut, and farming systems train
ing programs will increase significantly as the 
national and regional programs expand their 
research and development activities with these 
crops and in farming systems. One of the major
responsibilities placed on researchers at all 
levels is management of research farms and 
training personnel. Thus research farm man
agement and training methods will continue to 
be emphasized in all our programs.

Persons who complete training and work in 
research and development programs of the 
semi-arid tropics are isolated and lack contact 
with other agricultural scientists. Hence,
ICRISAT will -as part of the follow-up 
program -communicate current research 
findings and new germplasm developments to 
former trainees so that they can continue their 
professional improvement. 
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Summary of Discussion - Session 4
 

Dr. Govindaswamy asked what impact ICRISAT 
programs have made in Africa, who provides 
the needed inputs, and what part of the 
technology remains in use locally after ICRISAT 
has withdrawn, 

Dr. Char eau said that it is too early to assess 
the impact of ICRISAT. The result . will vary 
according !o the country. The main input from 
ICRISAT so far has been the identification of 
sources of resistance to diseases, pests, and 
drought in both millet and sorghum. This 
should make a considerable impact on produc-
tivity in the near future. The impact also de-
p , ; on the nature of the material. Some 
sorghum selections made in India during the 
rabi (postrainy) season have outyielded all 
other hybrids and varieties during the off-
season in the Senegal River Valley. But they 
would have to be crossed with local material 
to give significant results. Regardi'o the 
adoption of technology by the African farmer. 
Dr. Charreau stressed that ICRISAT works 
strictly through national institutions and not 
directly with extension agencies or the farmers. 

Dr. Blumenschein said that it is important for 
the developing countries to take the decisions 
needed to support agriculture and be prepared 
to receive te'-hnology generated by institutions 
such as ICRISAT. 

Dr. Ajakaiye cautioned that evaluation of the 
work of an international institute should be 
done very carefully. ICRISAT will have finished 
its job when it develops a technology that can 
be transmitted to national programs; from there 
on it is the responsibility of these programs to 
pass it on to the farmer. 

Mr. Russell asked about ICRISAT's plans for 
work in Sudan, observing that in southern 
Sudan particularly, no new sorghum introduc
tions have been promising. 

Dr. House agreed that ICRISAT must expand 
its testing beyond the Wad Medani area. 
Hyderabad-generated material has done poorly 
in Sudan so far, and ICRISAT is trying todevelop 
material better adapted to local conditions 
there. Though much of the breeding work will 
be done at Wad Medani, testing will be ex
tended to other sites, including southern 

Sudan. 
Mr. Russell also asked whether ICRISAr has 

developed climatology and soil maps for 
African countries so as to determine what parts 
of the technology developed at Hyderabad 
would be applicable in Afrca. 

Dr. Kampen said that a. far as possible 
ICRISATtries to drawon thewarkdoneby other 
institutions. In this instance, a large amount of 
basic climatologic data collected in Africa and 
northeastern Brazil ir available to ICR!SAT. 
The CIEH (Ccmit6 Interafricain d'Etudes 
Hydraulique:. has completed a detailed study 
of the soil and water resources of the western 
savanna region of Africa and drawn up a soil 
capability map for the area; this will also be 
available to ICRISAT. 
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The Releve of a R3earch Program for Meeting
the Neds of t 3mr11 Farmers of the SAT 

Sir John Crawford* 

Abstract 
A research program becomes usefully relevant to the needs ofthe small farmers only if it
is possiblr for them to adopt its findings. This requires not only a new technology which,
ifadoped,promises s Jnificantimprovement, butalso thesupply ofsupport services on
terms that make the estimated returns feasible. Neutrality to scale, in a technical sense,
may be a necessary condition to rm,.v'nce, but it may not be sufficient if the support
services are not neutral between J'ige and small farmers. 

I am not very dear whether "Research Pro-
gram" means a research program (i.e., without 
regard to ICRISAT) or is limited to ICRISAT's 
program. I have chosen to emphasize the gen-
eral problem of relevance in a research pro-
gram, but inevitably (and properly) ';RlSAT's 
activities are highly pertinent. Also Iassume ye 
are talking of small farmers who %re poor, for 
whom an increase in living standards is desired. 

Broadly, I will argue that a research program
becomes usefully relevant to the needs of the 
small farmers only if it is possible for them to 
adopt its fir.ings. This requires netionly a new 
technology which, if adopted, promises sig-
nificn. improvement in return, .,ut also the 
supply cal support services on terms that make 
the etimatcd returns feasible. Neutrality to 
'c:ale, in a technical sense, may be a necessary
condition to relevance, but it may not be 
sufficient if the support services are not neutral 
between large and small farmers. Let me 
explore this matter further - even if it does no 
more than emphasize the importance and rele-
vance of economic research activities not only 
at ICRISAT but. c'f course, in all agricultural
research directed to improving the lot of small 
farmers. 

Itisauseful -andpro;bablyessentip! .. ,rt 
to devise atechnology .hat is neutral !. cr-,e in 
the sense that any farmer, large or sinali, can 
adopt it if he can command the resources 
required to provide the necessary inputs. But if 

Chancellor, .'.ustralian National University, Can-
berra, Australia. 

the resources are not at the ready command of 
the sr i;lfarmer then "relevance" becomes 
limite;t~V the constraints. Degrees of relevance 
are possible. Thusa small farmer may beableto 
improve his income merely by adopting an 
improved seed and a better cultural practice.
This may be practicable despite c-nstraints on a 
more complete and advanced system. The in. 
come results will generally be far less satis
factorV, however, than if he is able to adopt a 
whole new system in which soil preparation, 
water conservation, improved seed varieties,
fertilizer, and necessary cultural practices act 
together synergistically to give a result greater
than the sum of the results of each improve
ment adopted in limited singular fashion. This is 
the benefit of a systems approach -which 
ICRISAT and Indian research activities have 
shown to be essential to any major lift in 
incomes of small farmers in the SAT regions
withwhichtheyareconcerned.But, "beingable 
to adopt" a system requires more than the 
devising of the system in research trials. A first 
step in this is to learn what the constraints are. 

Before I further develop this line of argument
about the real meaning of relevance, let me 
make three small points and one major point. 

a. Theoretically, if water conservation is an 
essential element In a system but requires
cooperation of small farmers in a crtch
ment area, then the technology is not 
neutral to scale. This is clearly likely to be 
of potential importance in some areas in 
the application of ICRISAT's work and the 
work of Indian Dry Land Farming Research 
Project. I mention this only to express the 

169 



hope we will not push the definition of 
relevance to an extreme that w ' rule out 
attempts to secure cooperation among 
small farmers. I could illustrate a parallel 
problem in making viable village growing 
of coffee in Papua, New Guinea, by the 
pooling of land for various cultural and 
marketing practices and as a basis for 
raising the credit each grower requires. 

b. A technology relevant to small holdings in 
ICRISAT territory in India may not be 
relevant in another SAT area - e.g., in 
Africa. This is obvious; nevertheless, 
some elements and principles from the 
work in Hyderabad may prove to be useful 
in building up an appropriate system 
elsewhere. 

c. Again there may be a situation in which a 
technology is technically neutral, but is 
adverse to employment. Thus mechaniza- 
tion that is labor displacing may be dis-
couraged for clear reasons of policy. On 
the other hand, a new technology may be 
so employment-creating (e.g., at harvest) 
that essential operations like threshing 
may call for mechanization to meet labor 
shortage (See discussion in Ghodake, 
Ryan, and Sarin 1978). Ibelieve scientists 
must arid do keep such matters in mind. 
This is not ruling out improvements in 
essential hand implements used by small 
farmers - or possibly the use of contrac-
tors in preparing a water catchment tank. 

d. Finally, and not really a small point, but 
one that we may all take too much for 
granted: a technology may be neutral and 
feasible for small holders, but it is not 
likely to be adopted unless the returns are 
substantial and reasonably assured (some 
of the best of ICRISAT's economic work 
beeis on this). 

now return to the main argument-
abundantly borne out by the work of 
economists at ICRISAT and IRRI and indeed 
increasingly at all the international institutes as 
well as in some national systems - that techni-
cal neutrality to scale is not sufficient. If the 
institutions that provide credit, inputs, and 
other support services (including extension) are 
biased against the small farmer, thcn relevance 
does not produce the response that it may well 
do on medium and large holdings. Inertia may 
well also play a part and will be encouraged if 

the risk factor is high. But Iassume that this can 
bebroken down ifa clearly profitableand stable 
technology is promoted and well supported 
with appropriate services. 

The probability of an improvement in the 
situation of the small farmer is increased if the 
research that is relevant to his need is both 
systems-oriented and attends to the support 
services required by the systems recom
mended. The major constraints may well be 
here. Significant change calls for more than a 
single element (such as a new variety of seed). 
This is recognized; but it is also easier to catch 
the imagination of governments or village lead
ers if a feasible system can be linked to the 
argument for an improved support service
such as a cooperative providirg inputs, credit, 
and a marketing service. Clearly, improvement 
in services is it,31f the proper subject of re
search. It is not enough to identify them as 
problems. Iwarmly commend ICRISAT's efforts 
in this respect -but I am not sure that the 
detailed work should not be left to the agricul
tural universities' economics and sociology de
partments. 

The relevance of research in these terms is 
naturally increased significantly if a system 
indicated at the research station is tested under 
on-farm situations. This, of course, merely un
derlines the importance of village level appli
cations. Asa general proposition, Isupport their 
development under conditions in which risk is 
borne or subsidized in the first 2 or 3 years of 
trial. Risk of the untried is almost certainly 
greater in a semi-arid rainfed area than it is in 
adopting an irrigation-based system, such as in 
Punjab. 

The work of Dr. Ryan and his colleagues has 
shown up the biases against small farmers in 
the supply and terms of credit and provision of 
inputs as well as in marketing. Even under all 
these constraints some new technologies may 
pay, but it is fair to argue that these constraints 
do not have to be accepted as unchangeable. 
Full relevance of the work of ICRISAT and the 
related Indian institutions cannot be achieved 
until the constraints are greatly lessened or 
removed. 

A major point follows from this last obser
vation: the required services will, in practice, be 
achieved only by a combination of changes in 
policies and programs at macro as well as micro 
levels. Inertia regarding the performance of 
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credit cooperatives, banks, and fertilizer firms, 
may, for example, begin at the top level in 
governments, banks, or firms -- especially in 
responding to the needs of small farmers. 
Center-State relations in respect to ensuring 
small farmer services may be as much involved 
as is the local initi3tive of district officials. 

Although implicit in my very summary re-
marks about improving support services, I think 
it worth giving a special mention to post-
harvest technology. This applies both to cash 
crops to home storage of food grains. The 
reference to home storage applies with particu-
lar force, I would think, in SAT areas in which 
sorghums and millets are the common staples. 
The national stocks are not very relevant in this 
case. There are special gains possible here over 
and above the benefits of a farming system 
relevant to the total income situation of the 
small farmer. 

What are the prospects that research that 
appears to be relevant will prove to be so? I 
think they are brighter; but let me be quite 
dogmatic on the limited responsibility of the 
research workers concerned. They may be frus-
trated by the slowness with which their results 
are adopted but their responsibilities are not 
unlimited and their power is limited. Our dis-
cussion is about ICRISAT, but my remarks apply 
more generally. Natural scientistsandthesocial 
scientists in an international institute and in 
national systems have a joint responsibility to 
endeavor to produce farming systems that are 
both applicable and profitable for small farmers 
to adopt. They have a responsibility to de-
monstrate the result and to make the results 
known to those able to advance the use of these 
results. They will be aided in this not only by 
their own publications, workshops etc., but by 
the groundswell of interest and demand 
they create among their consumers of 
knowledge-the farmers themselves-and 
among those responsible particularly at the 
government level for the infrastructure of ser-
vices. The supply of in.outs, credit, and ap-
propridte institutions is largely the responsibil-
ity of governments (political and administra-
tive) at all levels. It is essential that their interest 
and understanding be enlisted and sustained. 
The relevance of the research is not lessened by 
failure of political interest and will, but the 
returns to research will be lessened. The scien-
tist by himself cannot transfer the technology, 

He can promise it and demonstrate its viability 
under appropriate conditions. 

There is today a growing recognition that 
improved technologies for small farmers are 
available or well on the way. The more favora
ble the conditions, the more they are being 
adopted. ICRISAT is, in fact, dealing with *he 
riskier climatic situations under rainfed condi
tions. But the results are encouraging and need 
andjustifymoreintensivetrials. Willthesetrials 
be undertaken and will the institutional bias 
against small farmers be tackled? Dr. Ryan and 
colleagues have shown that the returns are 
there, but I believe more has to be done to bring 
these results home at a national level. Let me 
explain why I think this even though this really 
involves me in going beyond my brief. 

We are today faced with a situation of some
whattragicirony. Indian agricultural production 
is rising significantly and will continue to do so, 
especially as irrigation systems become more 
and more effective. The government under
standablygives priorityto this course of action, 
And yet, unless it attends to the employment
situation, it will face a position in which produc
tion increases may exceed increases in market 
demand. Per capita consumption has not risen 
commensurately with production nor, it seems, 
with the rise in average incomes. It seems 
probable to me that at the higher level of 
incomes, consumption is becoming more 
diversified -that is, the direct demand for 
grains is not rising and is even falling. At the 
lower end of incomes, it seems not to be rising 
significantly, and I suspect that increased un
employment and underemployment may be a 
factor here. (The subject calls for research!) 

It would follow from this that more attention 
has to be given to the smallest farmers and 
landless laborers whose consumption needs 
are not yet met. They need both off-farm 
employment and increased income on their 
own farms. This is abundantly evident in the 
SAT areas in which rising employment is 
needed concurrently with more productive 
rainfed farming. The small farmers will con
sume more of their own increased product, but 
nonfarm rural populations need employment 
(on and off the farms) and the consequent 
incomes to enable them to share in rising farm 
productivity. Another strong inference is that a 
technology that creates employment has a 
strong social relevance that is of high impor
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tance. 
This situation is clearly recognized in India's 

draft 5-year plan, 1978-83, and it is h " ed that 
policies and programs outlined there will be 
made effective. Fundamentally, this document 
is a statement of political economy. To me we 

are ir a situation where agricultural research 

has made an adequate supply side of the 
food-population equation decidedly more 
feasible. The technologies emerging are 
relevant -- the more so because the required 
conditions of fea'sibility are better recognized. 

Making production feasible is but one major 
part of the political economy problem. Feasi
bility includes provision of an adequat. and 
well-trained extension service. It includes the 
support services - input and credit supplies. 
But there is also yet another political economic 
requirement: this is the creation of demand 
among the poor. These are the people 
especially in rural areas- with the highest 
income elasticity of demand for food. They 
require employment. This country's planners 
recognize this and have the right approach. But 
patience may well continue to be a necessity for 
reasons that seem to point to New Delhi from 
which the central leadership in a complex 
task must come. Nevertheless, momentum in 
the major administrative departments has 
gathered; I am certainly confident that this 
will continue, resulting in a "gearing into" 
(Dr. Ryan's phrase, I think) the problems of the 
small farmer. 

It so happens that ICRISAT has perhaps the 
hardest end of the research spectrum: rainfed 
farming in the semi-arid tropics. The research 
workers, as I judge it, have made an excellent 
start. They have recognized many of the con
straints on relevance. It is well that both center 
and state governments, ICAR itself, and the 
universities have all increased their linkages. 
This increases the hope for large-scale testing 
and final adoption of new and income
rewarding technologies. Realization of that 
hope requires the lessening of the constraints 
represented by inadequate support services for 
small farmers: credit, inputs, price support, and 
marketing facilities. By and large, the bigger 
farmers can look after themselves. 
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The Role of International Institutes
 

Ralph W. Cummings*
 

Abstract 

The Consultative Group on International Agricultural Research (CGIAR) provides
support for 13 international institutes whose primary function is agricultural research.
The translation ofthat research into practice is properly the task ofthe national andlocal
agencies; the institutes, however, have the responsibility of finding and developing
interfaces with national agencies to assure widespread reliable testing of potential
technological innovations and dependable feedback, positive and negative. This has
already been addressed in many cases. The establishment of ISNAR in 1978 is an
important step towards strengthening national resedrch programs; this, in turn, will 
enhance the effectiveness and usefulness of the international institutes and help ensure
that there is no break in the chain from the discovery ofknowledge to its finalapplication 
on the land. 

The Technical Advisory Committee (TA) of the 
CGIAR has recently prepared and presented to 
the CGIAR an updated working paper on 
"Priorities for International Support to Agricul-
tural Research." This follows a report of the 
Review Committee of the CGIAP, which made 
an extensive analysis of the CG'AR system in 
176. The TAC is now engagrcd in a "Stripe
Analysis" across the several international insti-
tutes of the "off-campus activities" of these 
centers. The latter study will not be completed 
for some months ahead. The subject I am 
discussing, namely, "The Role of International 
Institutes" in interphasing on research and 
development, was considered by the first two 
studies mentioned above and will be a major 
concern of the stripe analysis now under way. 

The Consultative Group on International Ag-
ricultural Research (CGIAR) provides the sup-
port for 13 international institutes. The basic 
objective of this system, as set forth in the TAC 
priorities paper, is to support agricultural re-
search in and for developing countries that wil 
contribute to: 

a. Increasing the amount, quality, and sta-
bility of food supplies in the LDCs, and 
meeting the total world food needs. 

b. 	Meeting the nutritional requirements of 
the less advantaged groups in the LDCs. 

* Chairman, Technical Advisory Committee, CGIAR. 

At the same time, the system is to take due 
account of the need to improve the level of 
income and standard of living cf'he less advan
taged sections of society in the cleveloping 
countries (especially rural), which determine 
their access to food, equity in distribution of 
benefits of research, and efficiency ini the use of 
agricultural resources. 

The primary function of the international 
centers is reserrch. At the same time, they have 
a deep concern for theapplication of research to 
improve the agricultural production and the 
levei of living of the constituent people. The 
centers do not have the physical and human 
resources to mount action programs to carry 
their findings to the vast numbers of farmers 
concerned, nor should they do so. National and 
local agencies are the proper ones to undertake
 
this task. But the international centers do have
 
the responsibility to find and develop the kind of
 

. interfaces that will assure that there is no break
 
in the chain from discovery of knowledge,
 
through its translation into appropriate

technology, and its application on the land. 

The direct links to the farmers and the 
methods of instructing them on advances in 
technological practices that could improve their 
productivity must be worked out within and by 
each nation concerned; recognizing that, we 
must consider the character, the strengths and 
weaknesses, and the effectiveness of the
national agricultural science establishments 
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for research, training, and extension. Several 
nations, such as India, the Philippines, Brazil, 
and others, have made great strides in recent 
years in building strong and effective national 
agricultural research and extension programs. I 
doubtifanyofthemarefullysatisfiedbutmany 
now have quite good and effective internal 
agricultural scientific establishments. Others 
are well on the way toward Ljuilding their 
national agricultural research capability, but 
recognize their limitations in the present scope 
of their organizations and in their supplies 
of trained manpower with the experience 
and confidence required to meet the needs of 
their developing agricultural economies. And 
a large number of countries - notably the 
small, resource-poor, recently independent 
nations - have not yet been able to identify 
and train even the nucleus of manpower and 
scientific leadership necessary to rapidly accel-
erate advances in their agricultural sector. 

The international centers and the CGIAR 
recognize the universal need - yes, the 
essentiality - of strong research and extension 
organizations within the nations with which 
they are cooperating. Without such internal 
strength within the nations concerned, the in-
ternational centers are handicapped and greatly 
limited in developing the links through which 
technological advances can be translated into 
practice. 

Inrecognition of this acute need, many of the 
industrialized nations have joined with national 
agencies on a bilateral basis to help strengthen 
national research programs or portions thereof. 
Some of the philanthropic foundations such as 
Rockefeller and Ford have also made significant 
contributions to this effect. 

In 1975, the International Agricultural De-
velopment Service (IADS) was organized, under 
initial sponsorship of the Rockefeller Founda-
tion, with the express purpose of helping to 
strengthen national agricultural research and 
development programs. This organization is 
gaining valuable experience in this field and is 
actively engaged in work with a number of 
nations in the developing world, assisting with 
building and strengthening their national 
capabilities for dealing with agricultural de-
velopment and with technology introduction, 
development, and application, lADS has also 
sponsored several related studies and is prepar-
ing and publishing books and bulletins dealing 

with various aspects of the problem. 
The TAC has, from its first meeting, recog

nized the importance of this subject and has 
encouraged greater attention hereto. In late 
1978, the CGIAR formally entered this field 
in authorizing under its auspices, and with 
its support, an International Service for 
Strengthening National Agricultural Research 
(ISNAR). ISNAR's first Governing Board has 
been selected and it hopes to become oper
ational in 1980. 

The need for stronger internal national ag
ricultural science establishments is now 
broadly recognized. It is to be hoped that the 
next decade may witness a rapid growth in 
national agricultural research capability around 
the world. This will in no sense diminish the 
importance and need for the international ag
ricultural research centers or institutes. It will 
give them more effective instruments with 
which to interact and cooperate and should 
greatly enhance their effectiveness and useful
ness. It will, undoubtedly, bring about an evolu
tion in their specific roles. 

Their role in a nation with a strong agricul
tural science establishment will be different 
from that which they might fill in a nation which 
still has limited capabilities. A great deal of 
flexibility will be essential in addressing the 
variety of needs. The International Rice Re
search Institute (IRRI), as a part of its long-range 
planning exercise, has attempted to describe 
the nature of its changing role. It is no longer 
releasing finished rice varieties as named IRRI 
varieties but, through it:; widespread coopera
tive genetic evaluation and utilization (GEU) 
program, has decided that this pailicular re
sponsibility can best be entrusted to IRRI's 
national cooperators. An increased assumption 
by national programs for final variety and 
technology evaluation and release is visualized. 
The Institute sees a growing proportion of its 
resources going toward knowledge generation, 
genetic studies, supply of relevant germplasm, 
methodology development, and the earlier 
stagesoftechnologydevelopmentandtraining, 
as the national programs move further and 
more effectively into technology development 
and its evaluation, adaptation, and application. 
No sharp line of demarcation between inter
national and national efforts is visualized, but 
an increasingly close cooperation and coordi
nation to assure no gaps in the continuum from 
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knowledge generation to technology applica-
tion in farmers' fields and a steadily rising and 
more efficient production and utilization, 

The recent conference of agricultural re-
search directors from developing countries 
held at Bellagio, Italy, foresaw an evolving role 
for the international centers. They reaffirmed 
thecontinuingessentialityoftheinternationally 
supported centers, with adequate support, con-
tinuity, and flexibility, and cited the following 
among theiranticipatedlongertermcontinuing 
functions: 

1. 	collection, conservation, cataloging, anddistribution of germplasm;
ditraiution of ep lm reable2. 	organization of pathfinding research de-
signed raisesigedtheo risetheceiingofceiling of yield anand tototo 	 iel 

impa rt greater stability to yield (i.e., research 
which can lead to the development of high-
yield and high-stability varieties with desired 
quality); 

3. 	 development of improved research tech-
niques; 

4. 	 organization of relevant training programs; 
5. 	 organization of information and bibliog-

raphic services; and 
6. 	 organization of symposia, seminars, and 

monitoring tours. 

As the above and other functions are dis-
charged, the international centers will serve the 
national programs - particularly the smaller 
and less developed ones - in increasing their 
awareness of the advances made elsewhere, 
including in other LDCs, and will greatly ac-
celerate the interchange of information and 
technological advance among nations. 

But having said the above, let us now turn 
back to the international centers themselves. 
They cannot, they should not, and they will not 
withdraw within their own walls and revert to 
abstract, nonrelevant scientific research. The 
pattern has been set in such a way as to keep 
them moving in an outward-looking fashion. 
The problem of agricultural production, 
whether on a commodity basis, a factor basis, 
or otherwise, cannot be viewed or encompas-
sed from a single location or at a single point in 
time. International institutes have a responsi-
bility for determining the range of applicability 
of the technology with whose development 
they are concerned. Leads coming from their 
research laboratories and test plots must be 
exposed to other environments. 

For example, IRRI has to go outside of the 
Philippines to study gall midge. Its deep-water 
rice research is concentrated in Thailand. The 
devastating effect of zinc deficiency was first 
recognized in a cooperative program in India. 
Some of ICRISAT's millet lines, which seemed 
to be resistant to downy mildew in India, did not 
hold up when planted in some locations in 
Africa. Water conservation measures based on 
management of entire catchment areas may be 
difficult to adapt to varying land ownership 
patterns. These same measures if based onanimal-drawn implements may encounter 
difern ro lemeth ony po erdifferent problems where the only power avail

is 	human muscle and the farmers havebenacsodtouigifrntkdsf 
been accustomed to using different kinds ofhntosocliah.hsrisrpce 

hand tools for cultivatio,. The strains or species 
of Striga in Africa differ from those prevalent in 
India. Highly productive sorghum lines may 
have more limited usefulness if they mature in a 
season of heavy rainfall and are highly suscep
tible to grain mold. 

An endless array of situations could be 
enumerated to illustrate the fact that a practice 
that is highly effective in one lor:-n may not 
work in another. Some are bilogical or ecolo
gical in character, while othrrs may have social, 
economic, or anthropological bases.

Thus an international institute must work out 
arrangements for exposing its biological mate
rials and its indicated technological innovations 
to a wide variety of environments - physical, 
biological, and social- and get reliable feed
back as to the results. The various institutes will 
naturally approach this in different ways. It is 
unlikely that any one pattern will prove superior 
in all cases. 

ICRISAT is fortunate to be located in a large 
country with a wide diversity of ecological 
sit':ations, and which has developed an ad
vanced model of agricultural science institu
tions. The opportunity for developing close 
cooperation with the relevant All India cooper
ative research projects provides an interface 
of first-order importance. The germplasm re
sources of the Institute; its breeding, crossing, 
and progeny fields; and its test plots on water 
conservation, intercropping, tillage practices, 
and farming systems are fully open and availa
ble to Indian scientists in these related pro
grams. Seeds are made available freely as 
requested. This two-way exchange makes 
ICRISAT's program richer and more relevant, 
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and the contribution it makes in ideas and 
materials is of real benefit to the Indian prog-
ram. This should be cultivated and fostered. The 
opportunity of working out contractual ar-
rangements with Indian institutions to provide 
some of the early testing and evaluations in 
different environments (providing screening 
ahead of entry into All India evaluations) pro-
vides another invaluable interface. The very 
constructive approdch taken with plant quaran-
tine, which has permitted large-scale inter-
change of genetic materials with other parts of 
the world while protecting the nation and other 
nations from exchange of exotic pests and 
diseases, appears very commendable. The 
work with a sample of India's farm villages and 
village people is of immeasurable value in 
helping to identify some of the limitations and 
real problems of farm people in introducing 
technological innovations, 

These are only a few examples of effective 
ond valuable interfacing in the host country. But 
O'is is not enough. ICRISAT's responsibility 
e)tends to the seasonaly dry semi-arid tropical 
regions around the globe. Afh ica has the largest 
such area in the world. ICRISAT has been 
moving vigorously to develop its interfaces in 
the sorghum-, millet-, and groundnut-growing 
areas of that continent. The social and cultural 
patterns in Africa differ from those in India. The 
wet and dry seasons in the Sahelian and 
Sudano-Sahelian areas seem to be more shar-
ply defined. Disease and pest complexes have 
muchincommonwiththeonesinlno.-butalso 
have important differences. Animal power is 
less common and human power for cultivation 
is more dominant. There are soil and climatic 
similarities and differences. In addition to the 
local indigenous languages, French is spoken in 
F'ome countries, English in some, and Por-
tuguese in others. The interface with all is 
necessary if the Institute is to fulfil its mandate, 
A different pattern is being tried there, involving 
a combination of interdisciplinary teams at a 
couple of selected locations, smaller grotuos at 
others, and a degree of mobility of its staft that 
attempts to maintain contact and provide assis-
tance and materials to all the nations con-
cerned. 

In Latin America, the attempts at developing 
an appropriate interface have ,nt vet advanced 
as far as in Asia and Africa bi ,t the Institute does 
have a significant role for the region. 

Early successes in the development and 
spread of improved food crop production 
technology came through the vehicle of seed. 
Varieties that had a markedly different plant 
architecture and capacity to produce could be 
readily recognized and rapidly multiplied. The 
responses to fertilizer and pest control could be 
readily demonstrated and were highly visible. 
Direct comparisons with established varieties 
and conventional production practices could 
readily demonstrate when and where new var
ieties could be used; if they did not immediately 
encounter new pest and disease problems, their 
profitability was evident. Seed became the veh
icle for introduction of improved production 
technology, new rates of fertilizer application, 
precision field operations, pest, disease, and 
weed control, etc. Farmers will adopt new 
technology when they have confidence that it is 
dependably superior, profitable, and can be 
fitted into their systems of production, the 
appropriate timing of their labor demands, and 
their resources. Where these are doubtful, or 
risks are higher, we can expect farmers to be 
more cautious. 

IRRI and CIMMYT took the early lead in 
developing and introducing improved lodging
resistant, fertilizer-responsive rice and wheat 
varieties, primarily in areas of assured and 
dependable water supplies. Their results were 
spectacular. The "green revolution" initiated 
thereby has raised great hopes and expecta
tions. These institutes are now trying to tackle 
some of the less favorable environments in 
which their mandated crops are grown. The 
world is placing great hopes on the institute 
system as a force to accelerate progress in all 
sections of food production to meet the de
mands of the growing world population. 

ICRISAT is dealing with five crops which 
prevail in areas where moisture supply is less 
dependable. With these crops, seed can still be 
an important vehicle for introducing technolog
ical change but the problems of managing the 
moisture regime so as to reduce risk to a 
minimum and give maximum probability of a 
successful crop yield, add other dimensions to 
the problem of technology transfer. Thisplaces 
acute demands on establishing the kinds of 
relationships with national authorities that will 
assure widespread reliable testing of potential 
technological innovations and dependable 
feedback, both positive and negative. The more 
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complex the technology and the greater the 
number of factors to be considered, the greater 
will be the pressure to define with precision the 
conditions under which given innovations can 
be expected to be successful. 

The international institutes all recognize the 
necessity of developing effective links, coopera
tions, or interfaces with national programs 
and for assuring the two-way continuum from 
problem identification, scientific research, 
technology generation, techno!ogy testing and 
verification, to its application. Techniques in
clude visits of institute scientists to national 
programs, visits of national scientists to the 
institutes, publications, newsletters, exchange 
of germplasm and genetic material, posting of 
sclentists with national or regional stations 
away from headquarters, regional liaison rep
resentatives, conferences and symposia, work
shops involving scientists from the inter
national institutes and the cooperating institu
tions, and training programs. Each institute will 
develop its own mix of these and perhaps other 
techniques in its search for the best way to 
assure that it is performing the functions most 
needed and that it is using its resources most 
effectively in strengthening its part of the chain 
for advancing agriculture in its part of the 
developing world. 

I will not comment further on most of the 
techniques listed above. Perhaps their value 
and necessity may be self-evident. I would, 
however, like to say a few words on training. 
This will take many forms and the training 
programs will vary considerably in length and 
character. An increasing number of scientists in 
developing countries have spent enough tirmie 
in organized programs at one or another of the 
international centers to become personally ac
quainted with the center's staff, programs, 
aims, and objectives to know what resources 
they can call on for consultation, advice, and 
assistance as they encounter new problems in 
their own work; they can inform institute scien
tists of their own observations and call their 
attention to problems and situations peculiar to 
their area. These scientists should, if actively 
cultivated, develop over time the kind of effec
tive working interfaces so essential to r3aliza
tion of the aims and goals of the system. 

As the current "Stripe Analysis" on oft
campus activities of the international centers 
proceeds, I feel sure we can count on the full 

cooperation of all concerned, and it is my hope 
that we can glean from our individual and 
collective experience some general principles 
and guidelines that will be useful to all. 
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Role of National Programs in Linking

Research and Development
 

M. S. Swaminathan* 

Abstract 
A dynamic national research base is a must for launching and maintaining an
agricultural development program that can work toward the triple goal of more food,more income,and morejobs from available resources. While international institutes canact as catalysts ofchange, onlya strong nationalprogram can ensuresustainedadvance.
Location-specific research must develop an economically viable technology for eachproduction system and its probable impact must be assessed to prevrnt new andunexpected pest, disease, or soil problems. In India today, actual farm yields are lessthan 25% of the potential available even at current levels of technology. The immediatetask, therefore, is for research, extension, and development agencies to cooperate inbridging the gap between actual and potential yields. 

The major goals of agricultural development in 
most developing countries are: 

a. to build a national food security systemthat can ensure that no child, woman, orman goes to bed hungry, 

b. to generate more income in rural areas 
through the conversion of farming into a 
market-oriented occupation and through
improved post-harvest technology lead-
ing to the preparation of value-added produds, 

c. to generate more opportunities for gainful
employment, particularly under con-
ditions where agriculture is the major av-enue of employment, and 

d. to ensure that the ecological infrastructure
d.stosentsuretedogric uctur eessential for sustained agricultural ad-
vance is preserved and that th uji;hort-term 
and long-term goals of agricultural de-velopment are in harmony with eachother. 

National agricultural research systems, there-
fore, have to base their priorities on the triple
developmental goal of more food, income, and 
jobs from the available land, water, sunlight,
and other production endowments. An addi-
tional dimension that has recently become im-

Secretary to the Government of India, Ministry of 
Agriculture and Irrigation, New Delhi, India. 

portant is the need for delinking production
advance from increased consumption of non
renewable fcrms of energy. The continuousescalation in the cost of petroleum productsunderlines the urgency of research on inte

grated energy supply systems involving an 
appropriate blend of renewable and nonrenew
abie forms of energy. 
Need f Locti-Speciflc Research 

Apart from the challenge pored by inric;.ing
energy cosis, agricultural scientists of mostdeveloping countrks also face the challenge ofhaving to develop high-yield, high-stability
technologies for very small farms. For example,in India, the average size of a farm holding istending to go down rapidly holdings becomet end t n ra s ing sure o me 
fragmented by the increasing pressure of populainolnd(be1. 

This challenge can be met only by optimizingthe benefits from the agricultural assets of each
region and rnnimizing the prevailing risks and 
hazards. This, in turn, will call for relevant 
location-specific research tailored to the needs 
of each agroecological, socioeconomic, cul
tural, and political milieu. While international 
institutes can generate material, conserve 
germplasm, and organize testing and training
programs of great value for national research 
systems, only the national programs can help 
sustain a dynamic agricultural development 
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Table 1. Size of land holdings as revealed by agricultural census. 

Percentage increase or decrease in 
Average the -umber of holdings in 1976-77 
size of over 1970-71 

holdings 
Total Marginal Small Semi- Medium Large 

Name of 1970- 1976- holdings 
the state 1971 1977 

Uttar Pradesh 1.16 1.05 8.5 
Karnataka 3.20 2.98 7.3 
Madhya Pradesh 4.00 3.60 14.4 
Rajasthan 5.46 4.65 7.1 

effort. Several large development projects in 
deve'oping countries have come to grief within 
a few years because of new pest and soil health 
problems. Often, irrigation leads to problems 
such as alkalinity, sLlinity, and waterlogging if 
scientific management practices based on an
ticipatory research are not introduced. When 
the High Yielding Variety Program was initiated 
in India in 1966, the brown plant hopper was 
practically unknown in rice fields. Today, it has 
become a major menace. Similarly in wheat, 
Karnal Bunt has become a serious problem, 
although it was of practically no importance a 
decade ago. In pearl millet, downy mildew and 
ergot became serious within a few years after 
the release of HB-1. Therefore, a dynamic na-
tional research base is a must for launching and 
sustaining a dynamic national development 
program. 

Mixed farming involving crop-livestock inte-
grated production systems is a way of life for 
farmers in India and in several other developing 
countries. A major strategy for providing addi-
tional income and employment in India to small 
and marginal farmers has been the introduction 
of dairying, poultry, sheep husbandry, or other 
animal-based enterprises. Therefore, agricul-
tural research agencies in developing countries 
will have to take a total view of the entire 
farming system. Similarly, aquaculture both in 
coastal and inland waters is an important 
source of income, employment, and nutrition. If 
thriving aquaculture production systems are to 
be promoted, the agricultural technology intro-
duced for combating the unholy triple alliance 
of pests, pathogens, and weeds will have Zo be 

(below (1-2 ha) medium (4-10 ha) (10 ha & 
1 ha) (2-4 ha) above) 

12.6 3.4 -1.5 -4.0 -23.2 
17.9 5.8 3.7 1.4 -9.1 
17.5 23.0 18.6 8.6 -7.4 
40.4 15.7 12.3 8.9 -2.9 

compatible with the need to avoid water pollu
tion. Thus, the development of economically 
viable technologies appropriate to each pro
duction system should be the major goal of 
national programs. 

Research Goals and Priorities 

In addition to the major requirements of agen
cies involved in development, the potential as 
well as the limitations of the clients of 
research-f3rmers and fishermen--must be 
clearly understood. The first obvious step is to 
have a clear idea of the absolute maximum 
production potential under a given set of grow
ing conditions. These can be calculated through 
a theoretical analysis of the climate, soil, and 
water resources of each region. Buringh and 
coworkers (1975) have estimated that the abso
lute maximum global production potential may 
be on the order of 49830 million tonnes of grain 
equivalent per year. Sinha and Swaminathan 
(1979) have estimated that the absolute 
maximum production potential in terms of 
grain equivalent in India may be of the order of 
4572 million tonnes per year (Table 2). 

While these are absolute maximum limits on 
the basis of our current understanding of pro
duction parameters, the immediate task is to 
bridge the gap between actual and potential 
farm yields. An estimate of the untapped pro
duction reservoir available at current levels of 
technology can be obtained by conducting suit
ably designed on-farm testing and demonstr
ations in farmers' fields. Such studies carried 
out in India indicate that in most farming sys
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tems less than 25% of the available potential is 
being realized today. Research on bridging the 
gap between potential and actual experimental
yields should also receive adequate support.
Both mission-oriented basic research and in-
terdisciplinary applied research will be neces-
sary for this purpose. 

Table 2. Actual and potential agricultural
and Irrigated land. 

ACL AlL % PAL PIAL % MPGE 
World' 140? 201 14.3India- 142.8 34 24.5 3419142.8 470 13.7 4983077.6 54.3 4572 

ACL - Actual cultivated land (106 ha) 

AlL - Actual irrigated land (106 ha) 

PAL = Potential agricultural land (106 ha)

PIAL - Potential irrigable agricultural land (10' ha)

MPGE = Minimum production of grain equivalents, 


Including irrigation (10' tonnesvear) 
Data of Buringh et al. (1975)
Data of Sinha and Swaminathan (1979) 

Constraints Responsible 
for the Yield Gap 

By organizing an interdisciplinary constraints 
analysis, it is possible to identify the relative 
roles of ecological, technological and socio-
economic factors in causing a specific gap
between actual and potential farm yields. Once 
the precise constraints are known, it should be 
possible to initiate appropriate corrective steps 
to eliminate the constraints. 

Three major steps are involved in the transfer 
and sustenance of new technology: 

1. 	availability of economically viable 
technology, 

2. 	organization of extension and other ser-
vices, including the supply of credit and 
other inputs that will enable all 
farmers - irrespective of their innate po-
tential for mobilizing inputs and their wil-
lingness to take risks -to adopt new 
technology, and 

3. public policies in the area of pricing, stor
age, marketing and distribution. 

Once the research agency I)as been able to 
identify the constraints responsible for low 
yields, it would be useful if seminars and work
shops are organized for those engaged in the 
formulation of public policies and development 
programs, as well as field extension and input
supply work. Such seminars should be based 
on carefully conducted case studies that can 
reveal to the participants the size of the yield 
gap and the nature of the constraints responsi
ble for it. To undertake this task successfully, it 
is essential that social scientists and agricultural
scientists work together as a team. At the field 
level, social and biological engineering willhave to be integrated. For example, watershed 

management in semi-arid areas will be possible 
only if all the farmers ihthe watershed coope
rate with each other. Integrated individual and
community action will be necessary under con
ditions of small holdings to obtain good yields
and to reduce the cost of production in both 
irrigated and rainfed areas. 

Methods Used In India 

for Promoting Linkages 

In India, agricultural research is organized 
through 21 agricultural universities, 35 ICAR 
Institutes and National Bureaus, and over 50 All 
India Coordinated Research Projects. The Coor
dinated Projects represent a national grid of 
cooperative experiments organized by scien
tists belonging to different institutions and dis
ciplinos. Once the data from coordinated tests 
indicate that a variety or a particular farm 
management system can enhance the income 
of the farmer, these are tested and de
monstrated in farmers' fields through: 

a. 	national demonstrations, 
b. minikit demonstrations, 
c. whole village or watershed operational 

research projects, and 
d. pilot projects introduced on an area basis. 
There is also extensive on-farm testing of 

research results, particularly under the All India 
Coordinated Agronomic Experiments Scheme. 
The National Demonstration Programme was 
introduced in 1964 to familiarize farmers with 
the new vistas in crop production opened up by
the high-yielding varieties of wheat, rice, sor
ghum, maize, and pearl millet. The program 
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was so successful that the clamor for seeds of 
new varieties became suddenly widespread. 
The rapid spread of new varieties, along with 
adoption of appropriate management prac-

tices, led to an increase in wheat production of 
nearly 300% in the course of 15 yz3rs. 

In addition to the organization of demon
stratic is based on the principle of "seeing is 
believi...," , ;cultural universities and central 
research insti.utes in India help to organize 
training programs both for the staff of de
velopment departments and teachers of far
mn;," training schools. In addition, a grass roots 
lev1 training organization called "Krishi Vigyan 
Kendra" was started about 5 years ago. Learn
ing is by doing; consequently, formal literacy is 
not a prerequisite for joining the training 
courses. 

Another very important linkage between 
national programs and development agencies 
as well as farmers is provided by mass media 
such as newspapers, radio, and television, and 
the Training and Visit systam of extension. 

Conclusion 

In the past, linkages between research and 
development institutions have been weak in 
many developing countries. Whatever linkages 
do exist are mostly ad hoc in nature. It is only in 
recent years that both thin, groups of agencies 
have started realizing that without a continuous 
feedback z:onship between them, research 
will not be socially relevant nor development 
programs lead to the desired socioeconomic 
objectives. Therefore, research, extension, and 
development agencies will have to function as 
links in a chain, if agricultural progress is to 
move speedily and without interruption. 
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The Role of ISNAR in Transfer of Technology
 
Klaus J. Lampe* 

Abstract 

ISNAR is the newest memt.'.rof the family oforganizations supported by the CGIAR in itseffort to improve agrictu,1w.-d production in developing countries. Unlike the internationalresearch centers, i.:, A4R is a service organization; it will complement the activitiesof the other institutes a,idprograms. Its primary mission is to strengther :ihe nationalagriculturalresearch capabilities in -.aveloping countries. '?/illserv, ,s a linkage
mechanism between the international agricultural resea.,2.1 centerc rld natiomalinstitutions, as an intermediary between interested pariners to 	promote biiaweralcooper.tion in yiwu/,.,ra/research,and as a linkage to ensure that target-group.-,.;
reseFItch will reach-vi, .i effective extension service-the rural popularion 

er 
of

courofies whi:h invite tS!/WR's assistance. 

Mos of you might have already heard about 
ISaJi.I, the Inter;tionc Service If"r National 
Agricultural Reseich, wcich will start work in 
the near future. Fo, tho:': of you who have not 
had a chance to familiat izo yourselves with 'his 
new service, let me make a few in.roduchiory
remarks about ISNAR's background. 

ISNAR's Family Background: 
The CGIAR System 

ISNAR's parent organ _;ion is the CGIAR  the 
Consultative Gioup on Internation3l Agricul
tural Research. The Consultative GroLp is well 
known to all of us -primarily through the 
success stories of its offspring, the international
agricultural research institutes. 

This mornir, in fact, Professor Cummings
spoke to us about "The Role of the International 
Institutes," paying due tributeto their out.ea,,d-
ing record of achievements, 

ISNAR will be the youngest addition to the 
f3m!ly of CGIAR. And it will be quite different 
from its sister institutions within the s.tem: 

" It will be a service rather than an i',stitute. 
• 	 It will complement the activities of other 

institutes and programs. 
* 	 It will provide assistance to developing 

Head, Agricultural Department, German Agency for 
Technical Cooperation (GTZ). 

countries - at their request - to enmbie 
their nat .jnal agencies to do their own 
agricultural research more effectivety. 

0 	 iSNAR will be concerned prlriarily with 
research policy, research planning, research 
o;c'-nization, and research management.

We ,!I know that in many developing 
countries, assistance of this kind is essential if 
full advantage is to be taken of the work of the 
international centers. Hence, we can con,irmthat ISNAR will complement the activities c, its 
sister institutions. 

ISNAR's Historical 
Background 

To deal with i-iistory first, I feel I ought to 
mention a few of the more noteworthy mile
stones on the way to the establishment of this 
new service. After 2 years of informal and 
semiformal negotiations, during CG meetings
in April 1977, Eurcijuan members of the Con
sultative Group gathered at Munich for another 
informal meeting to consider means of assist
ing developing countries to strengthen their 
national agricultural research systoms.

There had been, for some time, a growing 
awareness ;he more and more pressing need 
for additior-:i assistanco. in the strengthening of 
national agricultural research capabilities. The
main corcen. was to enable national research 
systems ;¢c, generate and adapt technology suit
able to local farming conditions. The consensus 
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of the Munich meeting was that the CGIAR agricultural research capabilities in developing 
shou;:, be asked to establish a service for this countries. This includes cooperation in identify
purp se as a part of the CGIAR system. ing research problem' and in formulating re-

The Technical Advisory Committee of the search -. :ategies and policies, assistance in 
Consultativa Group (TA7A 3ndorsed this idea building up an adequate institutional infra
and recommended the establishment of a task structure and other research facilities, as well as 

force on the subject, in promoting specific national or regionol re-
This task force was t., up to "identify the search prvgrams. The ultimate goal is to enable 

manconstraints on the ava-i 1 Wy ,nd application of developing countries to plan, organize, 
extenial assistance to sire!;gthen national ag- age, and execute research more effectively 
ricultural research capabilities in developing from their own human, natural, and fir ncial 

countries." The group was requested to con- resources." 
sider the feasibility and desirability ot alterna- These rather broadly defined terms of refer
ti.;- means of ovei-coming these constraints, ence for ISNAR have to be seen against the 
incl.ding the creation of an international overall settin3] of national agricultural research 
service or any other appropriate entity. in Asia, Africa, and Latin America. 

A brief view of the science statistics of 1974The composition of the task force was rep-
resentative of major interests of both recipients collected by Agrawal for UNEP and the lIED 

and donors, industrialized and agriculture- might be interesting as another contribution to 
oriented count;:;.., Its findings and recimmen- the North-South dialog. According to these 
dations can b ,:.tmmed un in &_. proposal to figures, 28 industrialized countries invest 97% 
establish an "internation;, .'erv'' 'or National of the world's research budget and employ 87% 

Agricultu~aI Research" uiidar the auspices of of the world's research worker community. 
the Consultative Gr:, uo. Despite these figures, 23% of the 4.6 million 

The CGIAR accupted this proposal. In accor- university graduates of 1972 are from develop
dance with the experience and tradition of the ing countries. In most cases they are graduates 
CG, a committee was ,:,rmed -the ISNAR without adequate foture; without adequate re-
Committee- to take de;i.;ions on the Group's search career opportunities; without adequate 
behalf and to initiate action to get ISNIAR research facilities, policies, and programs; 
started. without adequate international linkages; with-

The German A,nzy for Technical Cooper- out adequate political support for de
ation (GTZ), which i ,ave the pleasure to repre- velopment-oriented research. But quite often 
sent, has been appointed to serve as Executing they have alternative professional chances in 
Agency for the estabkIqhment of ISNAR. industry, trade, and research institutions 

At this juncture, I mighlt add fiat we at GTZ are abroad. 
pleased to b( involved in the construction of At this point, the imbalance of research sup
this new sc'i ie. We are deeply convinced of port inAfrica,Asia, and LatinAmerica cannot be 

the importance of its mission and we have great neglected. In Asia, only 50% of the Third World 

trust in the impact it will havn on national research capital is invested, despite the fact that 
research capabilities in developing countries. 70% of the Third Word population is living in 

We are working hard to get it off the ground as this area. 
soon as possible; we try to invesi u,,.r own The CGIAR task force on ISNAR - in evaluat
experience, gained curing the last 15tu20years ing this overall setting and its implications for 
and, where necessary, we try to learn as quickly assistance activities - found a clear and urgent 
as possible. need for additional possibilities to strengthen 

national agricultural research. The concern is to 
IONA 's Objectives strengthen the national research system as a 
ad Functions whole in order to generate and adapt tPch

nology suitable to local farming conditions for 
Objective commodities important to national develop

ment objectives, including but not limited to, 
As spelled out in its draft constitution, "the the food commodities covered by the inter
purpose of ISNAR is to help strengthen nal:,nal national agricultural research centers. It is a 
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well-known fact that research needs vary widely 
among developing countries, depending on 
their agricultural potential, the stage of de-
velopment of their research capabilities, and 
last but not least, the market for agricultural 
products. A few countries with an adequate 
supply of skilled scientists and well-managed 
systems may need only financial help to build 
facilities. Others with totally inadequate re-
search resources need expatriate scientists and 
technicians from neighboring countries or 
abroad, in addition to facilities, to initiate even 
limited research programs. Many countries fall 
in between. 

The root of the problem in most countries is 
the need to plan, organize, and manage re-
search more effectively. This involves a broad 
range of activities, such as: 

" 	 Establishing reseafch priorities in accor-
dance with national development ob-
jectives, resource potential, and farmer's 
needs 

* 	 Developing research programs and pro-
jects 

* 	 Organizing and managing the research 
system to use research resources (includ-
ing external assistance) more effeci-ively 

" 	 Creating effective means for transferring 
new technology to the extension n;ervice 
and thus ultimately to the farmers 

* 	 Developing training plans to provide the 
skilled scientists and technicians needed 
for a balanced system 

" Arranging for the facilities and other sup-
port that will enable scientists to work 
effectively 

* 	 Estabhlishing links with other research in-
stitutiGns, particularly the inte:national 
centers 

" Creating political awareness, understand-
ing, and support for a target-group-
oriented research policy 

It takes years to build in effective research 
system. Unless the national systems are 
strengthened in.their planning, organization, 
and management so as to enable them to 
undertake more productive research, the re
search establishments will continue to have 
difficulties in enlisting the commitment of their 
governments to provide adequate long-term 
support. In the absence of such improvements, 
they are also likely to continue to have difficul-
ties in attracting necessary financing from ex-

ternal assistance agencies. Mcst external agen
cies would be willing to increase support if 
suitable programs or projects were presented 
to them. Such a policy, in my opin;c,n, is also a 
very important requisite to stop the flow of 
know-how from developing countries to the 
industrialized world defined by that ugly term: 
brain drain.
 

Development assistance agencies 
international and rational - have contributed 
much to improving national research 
capabilities, largely through training substan
tial numbers of scientists and providing fi
nancial assistance and expatriate technical ex
pertise for specific research operations. But 
much more remains to be done in these as
pects. Moreover, relatively few countries are 
receiving long-term contributions at the level of 
overall research planning, research organiza
tion, and management. Traditional assistance 
agencies are limited in their ability to fill this 
need for a variety of reasons, such as the 
difficulty of providing highly quilified person
nel for the long periods required to build re
search systems; budgetary and operating con
straints that attend most of the larger organiza
tions; and political sensitivities and fluctuations 
in political relationships wnich can hamper 
long-term bilateral assistance at a policy level. 

In view of this situation regarding research 
needs on the one side and potential sup
port facilities on the other, the task force 
concluded- and we concur with its 
findings - that: 

0 	 Existing agencies, both multilateral and 
bilateral, cannot meet the needs of national 
agricultural research systems in full; 

* 	 Additional support is needed; and 
0 	 The CGIAR system can and should con

tribute by the establishment of a special 
service like ISNAR. 

ISNAR can thus be seen as the logical expan
sion of the Con"ltative Group's concern to 
asst're that the benefits of improved technology 
are made widely av3ilable to increase global 
agricultural production. 

Functions 

From this rather broadly defined set of ob
jectives of ISNAR, the functions of the service 
can - in my view - be narrowed down to 
three principal tasks: 
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1. ISNAR will serve as a linkage mechanism 
between the international 3gricultural re-
search centers of the CGIAR system and 
national agricultural research insti-
tutions. 
Ithas for long been awell-known fact that 

the international centers are performing 
an outstanding job in developing crop va-
rieties and farming systems that are 
broadly applicable over relatively wide 
environmental regions, 

It is equally well known that a particular 
country will obtain the full benefits of 
research done by the international 
centers only if its own research system can 
effectively cope with the needs of refine-
ment and adaptation. 

I see no need to prove again the immense 
need for adaptive research in developing 
countries on the one side and the need for 
strengthening of research capacitis to 
cope with these requirements on the 
other. Looked at from this angle, it be-
comes obvious that ISNAR can be helpful 
to the international centers. It is clear that 
the centers must continue to work directly 
with national organizations to validate 
their research findings and in other mat-
ters related to center programs. ISNAR will 
not by any means interfere with such 
cooperative activities, 

The centers have come under consider-
able pressure to provide to national ag-
ricultural research programs assistance 
that exceeds their own mandates and 
proJer interests but that they find difficult 
to refuse because of the urgency of the 
needs. In future, developing countries can 
turn to ISNAR rather than to the centers for 
such cooperation. 

To the extent that the service is successful 
in contributing to stronger national re-
search systems, it will facilitate and make 
more effective the cooperative programs 
of the centers. Conversely, the service will 
find it important to be able to call on 
centers on behalf of its client countries for 
training and for specialized expertise, 
which the centers are able and willing to 
provide within their mandates. 

2. 	The second main function of ISNAR will be 
to serve as intermediary between in
terested partners in order to promote 

bilateral cooperation in the field of agricul
tural research. This function could be de
scribed as that of an honest broker. ISNAR 
will provide assistance in orderto promote 
cooperation in the technical as well as in 
the financial field; in other words, ISNAR 
will assist developing countries in the 
elaboration of programs of action, i"Aud
ing specific projects for external financing, 
at the same time it will assist countries in 
contacting potential donors for the financ
ing of such research programs and pro
jects. In doing so, ISNAR can indirectly or 
directly become a partner for the im
plementation of the TCDC philsophy in 
the area of agricultural researczh. 

In 	doing this, ISNAR will not supplant 
other sources of technical assistance; on 
the contrary, it will help governments of 
client countries to find and use such 
source more effectively, and enable assis
tance agencies to provide support within 
the framework of a comprehensive prog
ram for the development of the national 
research systems. Thus the service will not 
only be complementary to the activities of 
otherassistanceagencies but also be help
ful to them. Undoubtedly, the service has 
to meet the felt needs of developing coun
tries. An additional advantage in this con
text will be ISNAR's close relationships to 
the financial resources of the CGIAR 
donors. 

3. 	 The third of ISNAR's main functions is one 
of linkage in promoting target-group
related research to ensure that its results 
will reach -via an effective extension 
service-the rural population in the re
spective countries. In my opinion the over
riding importance of well-functioning lin
kages between research organization, ex
tension services, and farming community 
cannot be overstressed. ISNAR's role in 
this context could be described as a liaison 
function. !SNAR will promote wherever 
necessary the improvement of links bet
ween research, extension, and the farming 
community. 

The Principles Underlying 
ISNAR's Activities 

ISNAR's founding fathers have devoted great 
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attention to the definition of eight principles
that shall guide all of ISNAR's activities. These 
principles are an essential part of ISNAR's draft 
constitution. They are clearly formulated and 
self-explanatory: 

1. 	ISNAR's services will be available to any
developing country. ISNAR will provide
assistance to a country only at the 
country's request. 

2. ISNA1R will work in close cooperation with 
all international -organizations - in par
ticular, the Food and Agriculture Organiza-
tion (FAO), bilateral agencies, founda
tions, and national and regional organiza-
tions concerned with agricultural re-
search. ISNAR will complement, not com-
pete with, such other programs and 
sources of technical assistance. 

3. 	ISNAR will concentrate its assistance 
mainly on program, policy, and organiza-
tional and management issues of agricul-
tural research. 

4. 	 ISNAR will give emphasis to the genera-
tion, introduction, and use of adapted
technology suitable to resource-poor far-
mers and local farming conditions,

5. ISNAR will be concerned with com-
modities important to national develop-
ment objectives including, but not 
limited to, the food commodities covered 
by the CGIAR system, 

6. 	 ISNAR will be essentially limited to 
giving assistance in the organization of 
research. It will also maintain an aware-
ness of the linkage among research, train-
ing, and extension. ISNAR may, to the 
extent necessary, promote effective re-
search, concern itself with improving links 
between the research systems and the 
farmer. 

7. ISNAR will not undertake research ac-
tivities in its own right. ISNAR will, how-
ever, initiate on request national or
regional surveys in order to assess the 
appropriateness of research policies, re-
search systems, and organizations. Such 
surveys will be undertaken in cooper-
ation with the recipient country and other 
organizations. 

8. 	ISNAR will, for the execution of projects,
normally seek the service of existing inter-
national or national agencies. Only in ex-
ceptional cases may ISNAR assume opera-

tional responsibilities. Each such involve
ment will require prior approval of the 
ISNAR board of trustees, provided that 
costs arefully covered from noncorefund
ing.

These principles clearly define the scope of 
ISNAR'smendate. Theywillensurethatthenew 
service can perform its tasks in accordance with 
the ideas that led to its establishment. 

Proposed Activities.of ISNAR 
The CGIAR Task Force on ISNAR has narrowed 
down with some precision the list of activities 
and has seen to it that this list became part of the 
draft constitution. In accordance with this list,
ISNAR will provide assistance to developing
countries in: 

0 Identifying needs for planning and carry
ing out agricultural research; 

e Determining research priorities;
* 	 Formulating overall research policies and 

strategies; 
* 	 Elaborating programs of action, including

specific projects for extornal financing; 
.	 Designing necessary organizational and 

institutional arrangements for carrying out 
research programs and projects;

0 	 Finding the necessary resources for the 
execution of such activities; 

* 	 Contactiqg potential external sources for 
financing researchprogramsandprojects; 

* 	Promoting effective links between re
search organizations, extension services, 
and the farming community; 

* 	Determining the basic facilities required to 
conduct research (laboratories, equip
ment, experiment stations, adequate 
staffing, finance, etc.);

* 	 Establishing and strengthening links to
 
existing information systems in order to
 
speed up exchange of information on re
search results, ongoing research, and
 
training opportunities at international and
 
national institutions;
 

0 	 Organizing appropriate flows of infor
mation within a geographic region so that
 
interested countries may arrange to coop
erate on specific research efforts;
 

* 	 Arranging national training programs for 
research and research support staff; 

* 	 Organizing and supporting symposia and 
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seminars for the interchange and dissemi-
nation of ideas and information useful in 
the development and operation of national 
research systems; 

S 	 Evaluating the effectiveness and suita-
bility of various forms of research organi-
zations and activity. 

ISNAR will 6stablish an information system 
insofar as it enables the services to fulfill its 
functions and does not duplicate existing in-
formation services. This information system 
will collect and disseminate information 
about: 

" 	Completed and ongoing research of the 
international agricultural research centers 
of the CGIAR system and research ac
complished at national and regional levels; 

" Training opportunities at the international 
or relevant national centers on specific 
research topics, on research administra-
tion and management, or for training of 
technical staff. 

ISNAR will keep abreast of policies, pra-
ctices, and capabilities of other agencies active 
in agricultural research. ISNAR will also keep 
abreast of important technical developments in 
agricultural research. 

Status an i Organizational
Structure of ISNAR 

To round out the picture that I have been trying 
to draw of ISNAR, we now ought to deal briefly 
with its status and its organizational structure. 
These two points are of a more indirect impor-
tance to ISNAR's scope of action and to its 
potential of success. 

First, the service will have characteristics that 
will enable it to operate with maximum effec-
tiveness: 

" It will be autonomous and nonpolitical in 
management, staffing, and operations; 

" 	It will be a center whose sole business is to 
help strengthen national research 
systems, normally by providing assistance 
over long periods, and with acareer staff of 
the same caliber as the staff of the interna-
tional agricultural research centers: 

" 	It will be a relatively small organization 
capable of - hopefully - quick response 
to requests from developing countries; 

* 	 It will have sufficient stature to be able to 

assist the countries it serves to obtain 
external finance for support of their re
search systems. 

Second, the service is being established as an 
integral part of the CGIAR system, with full 
j:- "i~ation in the benefits and the respon
sibiik,:'- accompanying that position. The 
scnrvce's ., licies, programs, budget, and per
forma;ncA -i!l be examined by the CGIAR and 
TAC in much 11he same manner as for interna
tional centers. This procedure is designed to 
ensure the maintenance of the close ismily 
relationships within the CG system with all its 
direct and indirect advantages for users of the 
system. 

Conclusionu 

Onthis31stofAugustinVienna,4000delegates 
from more than 120 countries conclud the UN 
World Conference on Science and Technology. 
The outcome of this fifth technical conference is 
unknown yet. But you don't have to be a 
prophet. The 4000 suitcases of the mentioned 
delegates are filled with papers and documents 
but most probably more questions than 
answers. If this century, which has influenced 
mankind by science and technology so deeply, 
will not find solutions to the problems which 
world population will face in the twenty-first 
century and beyond, you may be allowed to 
question the overall value of the progress of 
mankind during the last 100 years. 

Since it is well known that we need at least 20 
years to get research results out of the 
laboratories to the often-mentioned farmer's 
field we are already far behind schedule. 

A futurological approch is very much 
needed to invent production systems on re
newable resources and to save the nonrenewa
ble ones for the centuries ahead of us. You are 
definitely not a pessimist if you belcve in the 
limit of growth but a realist. Hopefully, scien
tists as well as politicians will join in a realism 
which is geared to research and development 
policies that will allow 8 billion or more at the 
end of this century to live on our globe with a 
fair chance of an adequate human life. 

Toda' we are very far from that point. Our 
spaceship earth is in bad need of a program of 
global charactor for its own future. We should 
accustom ourselves and the political 
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decision-makers to the fact that agricultural
research in the broad sense - research for the 
df,,elopment of rural areas - is not a multimill
ion but a multibillion dollar undertaking for the 
years to come, in ordertogivea positiveanswer 
to the Malthusian question: to be or not to be. 

ISNAR wants to be and will become a small 
stone in that mosaic, perhaps also a part of a 
spearpoint in a global campaign for agricultural 
research promotion of a new dimension. 
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The Role of IADS Programs
in Transfer of Technology 

D. S. Atmwal* 

Abstract 

lADS was established in 1975 to provide services required by developing countries to
design, organize, and strengthen agricultural research and development institutions.
lADS fosters cooperation among assistance agencies and helps to integrate resources to
support national efforts. Three-fourths of IADS 'present activities are direct services tohelp more than 12 countries in Asia, Africa, and Latin America in planning and
implementing research programs. Other activities involve development of leaders and 
managers, preparation of development-oriented literature, and liaison with assistance
agencies and developing country institutions. While primary emphasis to date has been
work with national research systems, lADS is now prepared to participate in projects
more oriented to development, in accord with its original mandate. 

When conventional approaches do not provide 
satisfactory solutions to critical problems of 
development, administrators and scientists,
working together, seek answers through new 
institutions and innovate organizational ar-
rangements. In recent years, many knowledge-
able individuals have been increasingly
concerned about deficiencies in existing ap-
proaches to technical assistance in rapidly build-
ing national capabilities in agricultural research 
and development. The International Agricultural
Development Service (lADS) is 	one of the or-
ganizational responses to this situation. 

But the story really begins at least two 
decades ago. In 1960, in response to the actual 
and predicted food problems of rice-consuming
nations of the world, the Ford and Rockefeller 
Foundations, working tcgether with the Gov-
ernment of the Philippines, created the first 
international agricultural research center-the 
International Rice Research Institute. 

Here this week, some 19 years later, we are 
dedicating this new center, one in a unique
network of international research institutions 
dedicated to helping the developing nations to
increase agricultura! production. 

These international centers, operating inde-

* 	Program Officer, International Agricultural De-
velopment Service. 

pendently but supported through the forum 
of the Consultative Group on International 
Agricultural Research -an innovation in 
itself- are making breakthroughs in methods 
and technology that can lead to increased pro
ductivity of major food crops and other com
modities. 

Whether this technology reaches and be
nefits a nation's farmers depends upon the 
ability of the national egricultural research 
system to incorporate research findings into 
varieties and practices appropriate to the 
micro-environments of producers in each 
country. This process requires strong research 
and development organizations within each 
country.

In recognition of this need, the Rockefeller 
Foundation established the International Ag
ricultural Development Service on an experi
mental basis in 1975. lADS, a non-profit, inde
pendent organization, offers the scientific, 
technical, and managerial services a develop
ingcountrymightneedtostrengthenorexpaid 
its agricultural research and development 
capabilities. 

My colleagues and I appreciate the oppor
tunity this occasion provides to describe the 
rationale and scope of the lADS operation, to 
outline the kinds of services currently being
provided, to share our experience in technical 
cooperation, and, finally, to indicate the future 
program directions of lADS. 
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Rationale and Scope 
of the lADS Operation 

While new technology has significantly in-
creased cereal production in many countries, 
thespecter of serious food shortages isstill with 
us. Most developing countries must double 
their food production during the next 10 to 20 
years to meet projected consumption requ;re-
ments. Each nation vill need to produce food 
locally to the extent possible to achieve some 
level of food security, to provide gainful 
employment to rural people, and to ensure 
political stability. 

Although procuction of adequate quantities 
of food has spec:ial urgency, it is really the 
development of the agricultural sector as a 
whole and improvement of incomes of small 
farmers that deserves attention. Agricultural 
progress and improvement in purchasing 
power of the rural people is fundamental to 
national development in the poor countries, 
most of which are predominantly agrarian. 

To provide adequate nutrition and purchas-
ing power to rural people in developing 
countries, agricultural growth must substan-
tially exceed the historic rate ofless than2 % per 
year. Exceptional research and development 
efforts will be required to achieve these growth 
rates. Much effort must be made by the de-
veloping countries themselves, beginning with 
their own agricultural research and develop-
ment systems and the national framework of 
policies and priorities within which they oper-
ate. 

As the retwork of international centers was 
rapidly taking shape, founders of lADS feltthata 
major bottleneck in world agricultural de-
velopment efforts was the lack of adequate 
means for directly helping countries to organize 
institutions and programs tailored to national 
needs, 

The Rockefeller Foundation has had experi-
ence in providing support for agricultural re-
search and, to some extent, for development in 
several countries. Some of these efforts have 
contributed significantly to strengthening 
national capabilities and to reising agricultural 
output. The Foundation's resources were too 
limited to help any large number of countries; 
consequently, it established lADS, which pro
vide: a mechanism for using funds from other 
sources and facilitating cooperation among 

donor agencies in providing technical as
sistance. 

In organizing lADS, the founders drew upon 
the ideas and experiences of many individuals 
and agencies. They acted in the belief that 
professional agriculturists in many of the de
veloping countries were seeking more effective 
ways to work with the world's technical cooper
ation community. Opportunities existed to 
speed the adoption of science-based agricul
ture in ways that would increase food output as 
well as incomes of rural people. 

The International Agricultural Development 
Service was established with the primary ob
jective of assisting individual countries to de
sign, organize, and strengthen their own institu
tions and programs concerned with agricultural 
research and development. 

lADS is a private, nonprofit, professional 
organization. It has no research program of its 
own; it helps developing countries to secure the 
services of particular individuals and insti
tutions with which they wish to work in their 
research and development efforts. 

lADS' operations have a high degree of flexi. 
bility. It uses this flexibility to foster cooperatio',i 
among assistance agencies and to help inte
grate their support in the best interests of the 
host country. With lADS as an executing 
agency, donors may fund cooperatively or indi
vidually any technical assistance activities of 
interest to them. 

lADS is authorized by its charter to provide a 
broad range of services. It could undertake 
almost any service requested by a developing 
country that would contribute to agricultural 
production and raise farm incomes. At present, 
however, lADS concentrates on strengthening 
research institutions and applying research to 
production problems. In addition to direct 
services to individual countries in the design 
and implementation of projects, lADS engages 
in a range of indirect services important to 
agricultural development. These include the 
preparation of development-oriented literature 
and activities related to leadership develop
ment. 

Current Activities 

lADS headquarters staff, numbering about one 
dozen, possess a range of capabilities. Three 

192 



individuals are responsible for general ad-
ministration, and five for developing and sup-
porting country activities in Asia, Africa, and 
Latin America. Others are specialists in com-
munication and training, research planning and 
organization, agricultural economics, and pub-
lications. More staff will be added as operations 
expand and need arises. But the objective is to 
keep the core staff small and to draw on experi-
enced and highly qualified individuals on a 
part-time or consultancy basis when the need 
arises. Any major expansion will be in field staff 
associated with specific country activities. 

Present ADS activities have evolved over the 
past 3 years in response to requests of the 
developing countries. The largest and most 
rapidly growing part of the total program has 
been direct support to national agricultural
research programs. Individual countries tend to 
seek two broad categories of direct services: 
(a) program planning, and (b) program im-
plementation. lADS has restricted its effort'to 
multi-commodity programs and to ones that do 
not fit the mandate of any one international 
center. 

Program Pianning 

Typically the planning work of ADS has called 
for small teams of experienced scientists to 
work with agricultural leaders of a country on 
short but intensive studies of national agricul-
tural research and development programs, 
their goals, and the means of achieving those 
goals. Some studies have represented the first 
step of the country in seeking funds for re-
search. Others have related to reorienting
agencies, to enable them to be more responsive 
to urgent national needs. National agricultural 
leaders are asking questions about organi-
zational structures and operating procedures 
that will enhance the contribution of research 
programs to national development. ADS gives 
top priority to responding to requests for con-
sultants on these topics. 

LADS has participated in planning activities in 
ten countries and regions - Sudan, Senegal, 
Thailand, Bangladesh, Nepal, Western Samoa, 
Panama, the Dominican Republic, Honduras, 
and the Central American region as a whole. In 
such planning missions, lADS staff and con-
sultants work as members of joint teams that 
include leaders of national programs and in-

stitutions. 
In countries where ADS is already partici

pating in project implementation - for ex
ample, Bangladesh and Nepal -assistance in 
planning has focused on organizational and 
management improvement of the national re
search system. This activity complements the 
ongoing project and promises to increase the 
benefits of the project to the host country. 

In other countries where there has been no 
ptevious involvement, such as, Sudan and 
Senegal, lADS has responded to national in
stitution and donor agency requests for as
sistance. ADS generally helps to prepare the 
master plan for strengthening national research 
capabilities. Often this includes the design of a 
project for funding consideration by donor 
agencies. 

In some countries, lADS has assumed full 
responsibility or provided leadership for 
planning, while in others lADS has contributed 
one of its staff as a member ofthe project design 
team. The participation of ADS in these plan
ning exercises has been supported on a special 
project basis by such donors as the World Bank, 
Asian Development Bank, United States 
Agency for International Development, Ford 
Foundation, and Rockefeller Foundation. 

Also, lADS is now participating in special 
programming missions of the International 
Fund for Agricultural Development, which are 
concerned with broad aspects of agricultural 
development specifically aimed at helping the 
rural poor. 

Program Implementation 

Implementation of programs has called for 
long-term involvement by ADS covering a 
range of services. These have included resident 
specialists in research and development 
management, and in specific subject matter 
areas. Also included are short-term consultan
cies in specialized fields, arrangements for 
overseas and on-the-job training of national 
scientists, improvement of research facilities, 
and procurement of equipment and supplies. 

lADS staff in country projects work with their 
national colleagues as members of teams. They 
are not advisors but are active participants in 
national programs. They work through their 
counterparts and help them plan, organize, and 
conduct research. They operate within the local 
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administrative and support system, and while 
doing so, attempt to improve it. 

Projects are usually set up for 3 to 5 years, 
often with provision for extension. They are 
undertaken by the host country and lADS with 
the conviction that attempts to achieve rapid 
increases in agricultural production must be 
combined with efforts to strengthen national 
institutions. In this way countries can sustain 
their own progress with a minimum of external 
assistance. 

lADS is currently helping to implement 
cooperative country projects in Nepal, 
Indonesia, Bangladesh, Botswana, and 
Ecuador. lADS provides the requested services 
on a cost-reimbursable basis, with financial 
support coming from host countries and vari-
ous donor agencies such as the World Bank, 
USAID, and the Inter-American Development 
Bank. lADS has also been asked to provide the 
services of a senior research administrator to 
act as advisor to the head of the agricultural 
research system in Sudan. 

In cooperative country projects, lADS scien-
tists are helping to organize and implement 
national research programs designed to im-
prove the production of major commodities 
and cropping systems. They involve multi-
disciplinary research and are coordinated on a 
countrywide basis. These projects emphasize 
strong links between research and extension 
through initial orientation to farm problems and 
early testing of research results in farmers' 
fields. Efforts are made to strengthen ties of 
national programs with international centers 
and other outside institutions involved in relev-
ant research or training, 

Most of the projects are concerned with food 
crops, but other commodities of national im-
portance may also be involved. In Indonesia, 
for example, the project includes establishment 
of a strong rubber research program. Besides 
research, lADS helps to improve support 
services such as library and information ser-
vices, which have adirect bearing on output and 
application of scientific research. 

Leadership Development 

Availability of appropriately prepared and 
oriented individuals ior leadership roles in ag-
ricultural research and development projects is 
the most important ingredient of success. Since 

1977, lADS has considered ways to prepare 
professionals for international agricultural 
programs. In so doing, it has met with repre
sentatives of the international agricultural re
search centers and donor agencies. 

Several critical problems concerning the 
personnel needs of agricultural research and 
development projects have been identified. 
There is a worldwide shortage of experienced 
agricultural professionals to staff technical 
cooperation programs. Also, host country pro
fessionals with experience in establishing and 
managing agricultural development strategies, 
organizations, and programs are scarce. Young 
scientists do not get opportunities to learn how 
to implement production-oriented, multidiscip
linary research programs. 

In February 1979, lADS sponsored a work
shop on preparing professional staff for na
tional agricultural research and related prog
rams. Participants considered several propos
als concerned with the training of young pro
fessionals, managementtraining for mid-career 
scientists, and in-service training for national 
program personnel. lADS revised these prop
osals in the light of workshop recommenda
tions and is coordinating further action. 

lADS is building a personnel roster that in
cludes names of individuals interested or 
experienced in international work. The roster 
contains 3000 names and is used for identifying 
consultants and specialists for assignment by 
lADS as well as other agencies. Computer 
storage and retrieval of this information ena
bles lADS to serve itself, other organizations, 
and those registered, more efficiently and 
rapidly. 

Liaison 

Through meetings, conferences, and staff vis
its, lADS has developed and maintains liaison 
with tethnical assistance agencies, interna
tional centers, and national institutions in de
veloped and developing countries. The liaison 
activities are meant to inform appropriate 

agencies of the lADS program and objectives; 
to gain greater understanding of the working of 
other agencies; to identify project oppor
tunities; and to focus attention of some groups 
on the problem of food production and rural 
poverty. 

One outcome of these activities has been a 
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publication on agricultural assistance sources 
which brings together pertinent information on 
agencies involved in technical and financial 
assistance todeveloping countries. Others have 
been less apparent, but highly important in 
long-range implications. Among these has 
beenactiveparticipationbylADSintheseriesof 
events which led the Consultative Group on 
International Agricultural Research to establish 
ISNAR with the mandate to assist national 
agricultural research systems. 

Preparation of 
Development-oriented Literature 

Most of the professional staff of lADS and other 
assistance agencies are biological scientists 
with limited background in areas outside of 
their specialized fields. Many agricultural policy 
makers and administrators do not have the 
technical background or experience in either 
agricultural or social sciences, and make de-
cisionsovera rangeof agricultural policy areas. 
Recognition of these situations has led lADS to 
seek ways of developing and implementing a 
program to plan, produce, and distribute a 
range of development-oriented reference ma-
terials on technical subjects. 

Two development-oriented books have been 
published. To Feed This World, by Sterling 
Wortman and Ralph W. Cummings, Jr., de-
scribes the ways nations may accelerate ag-
ricultural growth and proposes a strategy for 
doing so. Rice in the Tropics, by Robert F. 
Chandler, Jr., reviews the scientific advances in 
tropical rice and outlines the implic3tions for 
nations that wish to help farmers grow rice 
more productively, 

Two other books in press are concerned with 
farming systems in the humid tropics and 
national seed programs. The manuscript of a 
book on tropical tomatoes is being reviewed. 
Similar books on wheat and potatoes are under 
preparation. 

In carrying out this activity, lADS has received 
excellent cooperation from some of the inter-
national centers and financial support from a 
number of donor agencies. 

Lessons of Experience 

In LADS' operations it has become evident that 

most developing countries feel much less need 
for expatriate experts than some of the techni
cal assistance agencies expect. Many develop
ing countries now have well-trained and ex
perienced personnel equivalent in qualifi
cations to most available foreign specialists. 
The current demand is generally for experi
enced mid-career scientists or administrators 
who are not easily available. Suitable individu
als should not only have the broad knowledge 
ot agricultural research and development, but 
also possess personal qualifications so essen
tial in building meaningful collaborative rela
tionships. 

We have learned that the most effective use 
of funds for technical assistance can be made 
by employing a small number of high-quality 
resident specialists and supplementing their 
services with competent short-teini consultants 
in specialized fields. A short-term consultant 
can greatly enhance the range of expertise 
available to a project. Sometimes a continuing 
relationship with a consultant and his institu
tion can be highly produ,;tive. 

Many countries lack well-conceived master 
plans for strengthening agricultural research 
and for accelerating agricultural development. 
There appears to be no dearth of loans and 
grants from funding agencies for good projects. 
However, there are few well-defined and 
adequately documented projects. Many nations 
need assistance in developing master plans for 
agricultural systems as a basis for coordination 
of work and for allocation of local and external 
resources. In the absence of a national plan 
that identifies priorities, programs, and re
quirements for 5 to 10 years, the external 
agencies themselves attempt to identify 
priorities. They sometimes compete with one 
another to support the areas of need that they 
perceive. 

Another observation is concerned with the 
level of technical assistance required by indi
vidual nations. This varies greatly in relation to 
the size of the country and the stage of agricul
tural development. National authorities ap
preciate the flexibility of technical cooperation 
agencies in adjusting to local needs and 
promptness in responding to requests for 
services. Whereas each country requires a re
search system, the scope of its activities must 
relate to the technical and financial resources of 
the country and availability of appropriate ag
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ricultural technology from abroad. Some de-
veloping countries may attempt to become so 
self-sufficient in agricultural research that they 
could miss oppurtunities to capitalize on exter-
nal technology available from other countries 
and regional and international institutions, 

Developing countries now give high priority 
to training, and some have built a sizable pool of 
well-qualified scientists. But full utilization of 
the scientific capacity is often hampered by 
archaic administrative and management pro
cedures. Because of poor support services, 
scientists often spend a large proportion of their 
time doing things for which they are not quali
fied or especially trained. Several nations have 
begun to improve the organization and 
management of their national research systems, 
and this subject dese+ves greater and continued 
attention if productivity of scarce manpower is to 
be increased, 

A major problem of most national agricultural 
programs is to relate appropriately to the 
national planning organization, the finance 
ministry, and other agencies responsible for 
national development. Unless the agricultural 
research program is closely associated with 
national goals and carries out studies that 
promote development, it cannot expect to re-
ceive adequate support. The national research 
agencies with which lADS works are grappling 
with this problcm.. in sonz; countries where 
institutions have been established to foster this 
interaction, the job is relatively easy. In others, 
the fragmented structure of research within the 
government makes it difficult to progress to-
wards realistic goals. 

lADS stresses the importance of agricultural 
research being firmly linked in a continuum 
from the planning phase through its appli-
cation on farmers' fields. In most developing 
countries, a high proportion of the farmers live 
in remote areas and have small holdings. They 
are generally not aware of the technological 
components available and are unable to put 
together for their situation profitable combina-
tions of new practices. For this reason, scien- 
tists are needed to help develop and evaluate 
farming systems for specific localities, and to 
work closely with extension staff in helping 
farmers to learn how to use new technology, 

Cooperation between the research system 
and extension services as well as other agen-
cies concerned with farmers' adoption of 

technology ensures that production campaigns 
are based on sound technology. But equally 
important is the opportunity this cooperbtion 
provides for researchers to learn a'out de
ficiencies in the technology, and consequently, 
to identify problems requiring more research. 
Interaction with agencies involvedwith applica
tion of technology is so vital that boundaries 
between them and the research system cannot 
be sharply drawn. 

Future Program Directions 

lADS has operated for less than 4 years. It 
started its program with emphasis on technical 
cooperation for strengthening national re
search systems. During this period, we have 
seen the need for such a service translated into 
effective demand. Opportunities to participate 
in national agricultural programs have been 
growing faster than the immediate ability of the 
new organization to respond. 

lADS programs will continue to evolve 
further. lADS has now r ached the stage where 
it can venture to undertake projects more 
oriented to development, in accordance with its 
original goal. 

We welcome the establishment of ISNAR as a 
unit of the Consultative Group on InternationG: 
Agricultural Research mandated to provide 
technical assistance to national research 
programs. The lADS Board of Trustees has 
offered ISNAR full cooperation in getting estab
lished and beginning its operations. 

With the establishment of ISNAR to help 
developing countries strengthen research 
services, lADS now planstoexpand its activities 
in support of development efforts of individual 
countries. Although strengthening agricultural 
research will continue to be a major interest cf 
lADS, as appropriate technology is funda
mental to development, we do not foresee any 
undesirable overlap between the activities of 
ISNAR and lADS. The demand for such services 
is so great that there is ample opportunity for 
the two organizations to develop a complemen
taryrelationshipandmutuallysupportiveroles. 

lADS has demonstrated that it can work with 
multilateral and bilateral funding agencies in 
providing services to national programs. 
Whereas we expect that this relationship will 
grow, lADS will actively seek a broad base of 
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private support and cooperation for its activities in 
development, drawir; upon the private 
sector, foundations, and voluntary organiza-
tions. 

Many industries and business firms in the 
United States, for example, recognize they can 
play important roles in helping to mobilize and 
strengthen private sector activities in develop-
ing countries as part of national development 
efforts. But they have not developed effective 
means of linking with the public or private 
sector in those countries. Discussions are under 
way with key individuals to identify ways in 
which an organization such as lADS might help
developing countries share in the technological
and managerial expertise of industry and 
business. This is particularly important as de-
veloping countries direct attention to improv-
ing, reorienting, and synchronizing the public
and private activities in support of national 
commodity production or defined-area prog-
rams. 

lADS will emphasize two basic approaches 
for agricultural development. When infrastructure 
is sufficient, an effective development strategy is 
the mounting of commodity programs aimed at 
increasing production of major crops on a 
national scale. If the objective is to improve 
incomes and standards of living of great
numbers of rural people, defined-area de
velopment programs may be most effective. 
Both commodity programs and defined-area 
campaigns depend upon synchronized gov
ernment services oriented to support acceler
ated rates of development. Suchi servic .- are a 
basic component of any national strategy for 
forced-pace development. 

Many nations have successfully used com
modity production campaigns to increase the 
production of a particular farm product, notably 
wheat and rice. In recent years, concern has 
been expressed about the adverse effect of 
these commodity campaigns on income dis
tribution of farming families. Also, concentra
tion of efforts on major cereals has resulted in 
some neglect of grain legumes and other crops
which are important sources of nutrition for 
small farmers and poor people. 

lADS recognizes the need for a balance in 
research on agricultural commodities and for 
the improvement of farming systems as a 
whole. Improved farming systems are a requi
site to progress in defined-area development 

programs. In its future work, lADS is consider
ing the possibility of active participation in 
development projects or;6nted to defined areas 
as well as to specific commodities. Wherever 
possible, lADS enwourages a combination of 
these two approaches, supplementing them as 
appro,.-riate with efforts to strengthen relevant 
institutions. 

Finally, it has become increasingly evident 
ihat developing nations can and wish to learn 
from one another's development experiences. 
lADS continues tr seek ways to stimulate and 
facilitate interaction among institutions and 
individuals in doveloping countries. There 
is much concern these days about how to en
courage technical cooperation among develop
ing countries; in a small way, lADS has de
monstrated that this is not only possible but 
highly d;.: irable. We appreciate support of vari
ous institutions and individuals in helping us to 
do this and look forward to even greater oppor
tunities for mutual cooperation in the future. 
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Crop and Lightfstock Integration in the Semi-Arid
 
Tropics 

D. J. Pratt and C. do k~n 

Abstract 

This pap,-allampts to isolate some o,the interactions between livestock and cropping
in semi-erid areas, and to discuss some of the trends affecting these interactioas. it cmbe expected tha.r more integrated production systems will emer,,C, through a combin.
tion of politicral and adminstrative measures and biological innov,-,?onsaimed esp.
cially at inroring the quality and quantity ouf, ,-: .!L__ 1,',iown syste,s
rese ,rJ7suggests that the development approach will -d) combine , nurmber of 
com orents to be successful. It is in the nature of farning Cystu'rs tha; t' u ,y toimproved livestock prnducti.n may be interventions that incroase file ,iel' o,tubsis
tence crops (even co: •ofoo a'iect '.'alueto livestock). Equally, manipulation within the 
livestock componein may oficr meoa- ro, improve crop production. 

Although he najority of people in the semi-arid 
tropics so.,-'Ian themselves primarily by crop
cultivation, livestock also play an important rote 
in the local economy. The dugree of Je-
pendence on livestock var-es widely, ranqing
from the pastoralist who is subsistent entireiy 
on h§' tivwe;rock to the sedentary millet gruv.,er
who invests some of his excess rcapixal in 
livestock. In this paper ar-atempt will be m,&-Je 
to isolate the differ:,it t',,-s of relationshi -p:.:or
lini~ages that charcmtL'rize the int'eraction hat-
ween cultivation and livestock production so as 
to indicate iio conditions under which these 
linkages ockcur and how tii-iy affect oppor-
tunities for suc :c.-7sful crop-livestock integra-
tion. The basis c.ithis paper is a more exhrus-
tive review on this subject prepared for publica-
tion by ILCA staff members (McCown et al. 
1977). 

Linkages Betwar Crrcp 
and Livestock Prod io 

Symbiotic Linkage 


Crops and livestock are frequently bound in
Cropsyandbivtc relationshipfrunty b ing
direct symbiotic relationship withn the farming 
system, with the one feeding the othr. Atypical 

Director, and Director of Revjarch, International 
Livestock Cgntre for Aflica (ILCA). 

e; is fou. din the Sahe: whera.. durij tiho 
dry season, 11-so inaturr&forapi.o is in short 
supply --or irjcce- :i-,ithrouph-lck of,rii:
irngwater-andiof lowquali :. Crop r .i -Jues 
^hen provide a superior livestock diet. At the 
same timie, rnarnure deposited cri tho fields as 
the catiie grec.-.. benefits the su oqoent crop,
while the trampling in of .,sidue2 and breaking 
up of ridges are also conc-dered Wneficial (Van 
Raay 1974). 

However, the manure contributed by animals 
kept only on c.rop resich.e; is ra:all. Moreover, 
manure deposited on the lan,.1 Juring the 6,y 
season declines greatly in value beforc it i
incorporated in the soil. Variou; attem )ts have 
been made (e.g., in Senega!, Mali, Upp,, Volta) 
to increase the quantity arJ quality :)f manure 
through the introduction of meiiure pfts
(Hamon 1970), but th high inves-mcnt and 
labor inputs required, and the difficulty of 
finding enough water during the dry season, 
have acted as constraints. The arrourt of man
ure available is increased when animals are 
kept ovornight on t; e harvested fields, andwhen th.a period of ast:y is prolongod, whether 
through bringing in feed from outside or as a
result oi abundant natirtz forage nearby. Typi
cal ey.mples are found in Western Dafur and 
Senegal, for example, whereAc.Yciaalbid.: trees 

grow it,the cultivated fiek's. Their Dods, which 
are palatable and high in protein, fall or are
stripped off irthr' dry season, thus making an 
additional source of feed available that enables 
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cattle to stay longer in the cultivated areas. 

Draft-animal Linkage 

This linkage was rarely found in traditiona! 
agriculture in the semi-arid regions of Africa, 

though it is common in other regions. However, 
with increasing involvement in the market 
economy and decreasing return, to labor in 
cropping, the draft linkage has grown in impor
tance, especially in West Africa, where it can be 

cited as one of the succes.es in livestock and 
crop development, 

The type of traction used depends on en-
vironmental conditions. For example, in the 

sandy soil of Senegal, where plowing is not a 
major necessity, horses are used to pull light 
planting machines for groundnuts. In the 
heavier soils of neighboring Mali, and generally 
throughout the semi-arid tropics, wherever 
plowing L! required, oxen are used. In'certain 
arid reg-ons, camels and donkeys may be used, 
singly or in combination, 

But the choice of n,.,hods of cultivation is 
also determined by , size and many other 
factors (Casse et al. .C65). Often it is only the 
larger and more successful farmers can own 
draft animals. This may be either because they 
have easier access to cradit or because only on 
the larger farms is increased labor productivity 
realized with draft animals. Also, there is often a 
relationship between animal traction and the 
relative extent of cash and subsistence crops, 
especially where there is a cash requirement to 
pay off the investment in traction. Thus, in 
Senegal, farmers using animal traction planted 
10 to 16% more groundnuts and 3 to 7% less 
millet than farmers using hand cultivation, 

The tendency for rich farmers to obtain ani-
mal traction and thus increase their labor pro

ductivity, coupled with the shift to cash crops, 
works to a.centuate the gap between more and 
less fortunate cultivators. This might be a con-
straint on the further development of the draft 
linkage. Another constraint ic(hesupply of draft 
oxen. If an imaginary semi-arid country with a 
cultivable area of 10 million hectares is consi-
dered, and it is assumed that an average pair of 
oxen can cultivate 5 to 10 ha per growing 
season, the total need will be about 2 to 4 
million oxen, or a national herd of approxi-
mately 10 million. This is likely to be more than 
the grazing resources of the country can sup-

port. Thus, unless farming systems are de
veloped that can profitably produce substantial 
forage supplies, most of the future increase in 
crop production will have to come from the 
direct transformation of hoe cultivation to 
mechanized farming in spite of all the draw
backs of mechanization. 

Inv-tment Linkage 

Given the situation where pstoral land is either 

free or communally owned, and where the 

possibilities for capital investment in agricul
ture are limited, surplus cash from crop pro
duction is often invested in livestock. This gives 
added security in time of drought and enhances 
social status. Where skilled labor for livestock 
husbandry is not present in the crop farming 
population, herding is often carried out on a 
contractual basis by pastoralists. 

The investment link::ge can have negative 
consequences under adverse conditions if 
the crop farmer has greater se-,;rity than the 
livestock producer. Typical _xamples can be 
found around irrigation schemes in the Sahel 
where, even in drought years, crop producers 
have the security of water and stubble grazing. 
If cash surpluses are then invested in cattle, 
overgrazing of natural rangelanas around such 
schemes readily develops, with consequent 
detrimental effects on the livestock producers. 
This was clearly shown in Mali, where irrigated 
rice growing added substantially to the degra
dation of surrounding rangelands (ILCA 1978). 
When, as a result, pastoral units fall below the 
subsistence level, they tend to invest their own 
labor in cropping. The aggregate effect of this 
increased cropping is, of course, even greater 
pressure on the reduced area of grazing land. 

Exchange Linkage 

Exchange of goods typically occurs when one 
population or group is partially dependent on 
the product of another. Traditionally, milk, ghee 
(melted butter fat), meai, and hides are ix

changed for millet and sorghum. With increas
ing commercialization, markets playa moreand 
more important role in this exchange. Outside 
the market economy, the symbiotic linkage 
noted earlier can also occur as an exchange 
linkage, when crop residue grazing is ex
changed for manure. When pressure on land is 
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not great and fertility is maintained by shifting 
cultivation, manure is not so highly valued by 
the farmer, and the livestock producer normally 
has to pay in fresh milk for the right to graze the 
crop residues. As the pressure on land in-
creases, however, the demand for manure can 
be so great as to reverse the direction of 
payment. In densely populated areas of the 
semi-arid tropics, there is a market for manure 
gathered from pastoralists' camps. 

Competitive Linkages 

Competition between crop and livestock pro-
duction develops as land becomes scarce. An 
example has been given in the context of 
investment linkage. The population increase, 
expansion of industrial crops, and reservation 
of public land all hasten this trend. The increase 
in court cases against pastoralists for crop 
damage illustrates tria same trend (Van Raay 
1974). 

Other examples arise when crop farmers 
encroach on valley bottc-ns for purposes of 
irrigated cropping, thereby restricting the 
access of livestock to permanent water and to 
whole regions of valuable dry-season grazing. 
This situation arises in the Ogaden region in 
Ethiopia (ILCA 1977). Where crop farmers in-
vest surplus capital in livestock, the increasing 
numbers of animals that are grazed around 
vilages in the wet season can create a distance 
between the water and forage necessary for 
transhumant herds sufficient to destroy the 
viability of the traditional pastoral system; the 
crop farmers themselves can support their 
livestock on crop residues at this time of year. 

On a regional basis, the loss of range grazing 
can be more than compensated for by the 
fodder contributed by crop residues. However, 
the degree of compensation depends on the 
crop- with sorghum and cowpea ranking high 
and millet ranking low -and usually declines 
with time. The productivity of abandoned crop 
land is often so low that the longer term effect 
on the regional fodder resources is negative
(ILCA 1977). 

Prospects for Future 

Development 

It can be expected that increased population 

pressure and decreasing availability of grazing 
land will cause more and more pastoralists to 
take up cropping. Rapidly growing demands on 
land by old and new crop farmers will lead in 
turn to over-exploitation, reduced fallowing, 
and declining soil fertility, and subsequently to 
a decline in the population that the land can 
sustain. This will then lead to migration towards 
urban centers and increased reliance on food 
imports. The only sure way to combat this cycle 
is to increase the productivity of land and labor. 

If livestock are to contribute effectively, there 
is a great need for forage that is superior in
dry-season quality to range forage and existing 
crop residues. A sown leguminous crop could 
be expected to be more effective in this regard 
and in maintaining soil fertility than a bush or 
grassland fallow. However, until now, returns to 
labor and land do not justify investment in sown 
fodder crops under rainfed conditions. More 
particularly, the high labor reqL.rements for 
sowing and weeding subsistence crops and the 
low yields of those crops impose serious labor 
constraints on the introduction of forage crops. 

Besides increased yield per unit area of sub
sistence crops, other measures needed will be 
politico-administrative measures ensuring land 
tenure systems with exclusive user rights for 
investors and subsidies on inputs such as 
fertilizers. In view of the low returns to labor of 
existing subsistence crops, the inclusion of 
fodder crops will haveto be accomplished with a 
minimum amount of additional labor. Inter
cropping, therefore, rather than sown leys, 
seems to be the first step on a development
 
path.
 

It is also to be expected that there will always 
remain areas where liv.stock production is the 
only form of agricultural production possible. A 
stratification using these areas for the less 
productive stock and better areas for dairy 
production or fattening seems indicated. Re
search will have to indicate production systems 
and institutional arrangements that will facili
tate the development of such systems. 

An Illustration of an Integrated 
Approach: ILCA's HighlandProgram 

ILCA's study in the highlands of Ethiopia (eleva
tion 1800 nm) can be used to illustrate the 
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linkages described above and to demonstrate a 
research approach to better integration of crops 
and livestock, 

In the area under study, rainfall is relatively 
high (800 m) and so is population pressure, with 
an average farm size of approximately 2.2 ha 
per household. Fallov has almost disappeared. 
The average required area for subsistence 
cropping is 1.7 ha, the rest being used for cash 
crops. On average, 3.2 animal units' are kept, 
mainly for animal traction, although the low 
liveweight results in the use of inefficient im-
plements. The genetic potential for meat and 
milk production is low. Manure is an important 
byproduct, but is carried out of the system and 
is used for fuel and building material, 

The main source of feed is crop residues, 
complemented with some roadside and com-
munal grazing. The initial survey carried out by 
ILCA showed that only 60% of the dry matter 
requirements of local livestock is met from 
within the farming system; obviously, if im-
proved dairy production and more efficient 
animal traction is to be achieved, increased 
fodder production is necessary. However, even 
if the area now used for cash crops were to be 
converted to forage crops, only 85% of the dry 
matter requirement would be met. In viewof the 
importance of subsistence crops to the farmer, 
it could not be expected that he would replace 
these for forage crops. 

Clearly, therefore, an improvement in the 
yield per unit area of subsistence crops is the 
key factor, since this would reduce the area 
required for subsistence and enable improved 
animals and high-yielding forages to be intro-
duced. Consequently, a package was devised 
for testing including improved grain varieties 
and fertilization, coupled with an improved 
dairy animal, better forage production, and 
improved livestock management. This package 
reduces the area required for subsistence crop-
ping to 1.2 ha and leaves some space for cash 
cropping, while meeting the forage require-
ments completely. It is now being tested in 
on-farm research in comparison with farms 
without this package. 

The results of the first year (ILCA 1978) show 

an increase in dairy production sf 40% and an 
increase in family farm income also to the same 

1. Defined as an animal with a liveweight of 250 kg. 

extent. Additionally - and this is very impor
tant for the success of an innovation - average 
return per unit of land used for forage produc
tion is somewhat higher than for other crop 
production. Tentative results from the second 
year tend to confirm these initial indications. 

This package approach is also useful in indi
cating needs for further research and data 
collection. For example, in terms of animal 
traction, the increased liveweight of the offspr
ing will make improved implement use possi
ble, althougn increased liveweight will also 
mean higher feed requirements. Besides quan
tifying this balance, socioeconomic research 
will be necessary to see whether, for example, 
ox-sharing is socially as well as technically 
feasible. 

In this example, it appears that a biological 
innovations can be adapted to the situation of 
the small farmer by a manipulation of the total 
system. At lower elevations and in drier areas, 
price relationships are less favorable for such 
interventions, although changing economic 
trends and research in low-input alternatives 
might make similar interventions possible. 
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Summary of Discussion - Session 5
 

Dr. Govindaswamy, commenting on Dr. 
Swaminathan's remarks, suggested that for 
breeding varieties suitable for a particular loca-
tion, there should be a triangular linkage bet-
ween plant breeders, agroclimatologists, and 
growth analysts. He also requested that nutri-
tionally rich Eleu3ine coracana be added to the 
ICRISAT program as it isa staplefood in parts of 
the SAT. 

Dr. Badruddoza observed that the linkage bet-
ween international centers and national prog-
rams has been well established. However, na-
tional research capabilities can be further 
strengthened if various national piograms
could be better linked with one another and 
share their experience. At present, the develop-
ing countries know little about one another's 
research capabilities. ISNAR will partly fill this 
gap but perhaps there is a need for another 
institution like ISNAR. 

Dr. Ganga Prasad Rao summarized points dis-
cussed at a workshop on sorghum, stating that 
marginal yield increases are not enough, as 
progress is offset by environmental fluctua-
tions. What is needed is technology that can 
effect a quantum jump in production, 

Chairman Umali summed up the morning's 
session, making five points: (1) Technological 
innovation cannot be separated from social and 
institutional factors, for under unjust agrarian 
strutures, the benefits of tf.-chnology get
siphoned off by a small group: tMe landlord, the 
loan shark, the middleman, the local official, the 
transportation people. (2) Special progiams 
should be developed to overcome the institu
tional bias that works against the small farmer; 
the kind of comprehensive credit program de
veloped in Nepal isan example. (3) Mechaniza
tion should not displace labor but should create 
employment. (4) Public opinion should be 
influenced in favor of agricultural development; 
everyone, including school children, should be 
welcomed to see the work of the research 
stations. (5) Governments should be con
vinced that self-sufficiency in food production is 
a basic element of economic freedom, without 
which there can be no political freedom. South 
Korea and the Philippines, where the leaders 

recognized and supported this view, were able 
to achieve self-sufficiency in a remarkably short 
time. 

C. Subramaniam, former Minister of Agricul
ture of India, said that India is fortunate to have 
a large reservoir of scientific and technical 
personnel in agriculture, industry, and related 
activities. He recafled that after the drought of 
1964, India had to import 10to 11 million tonnes 
of grain per year. Despite widespread skepti
cism, the steps taken in the "green revolution" 
succeeded, and today India has a buffer stock of 
20 to 21 million tonnes of foodgrains that will 
enable it to meet the current drought, though it 
may be in difficulty if a second or third adverse 
season follows. 

India's scientistsareableto maintainacertain 
stability of production, he said. Much of this has 
been madepossiblebythework of international 
institutes, backed by the national research 
program; it is hoped that the country will reach 
a stage where no more famines or scarcity 
occur. Mr. Subramaniam said he hoped thk, 
symposium would stimulate research and de
valopment that would give a new impetus to 
agricultural production in the semi-arid tropics. 
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Indian Experiences in the Semi-Arid Tropics:
 
Prospect and Retrospect 

N. S. Randhawa and J. Venkateswarlu* 

Abstract 

In India about 75% cultivated land - contributing 42% of the total food producton - is
rainfed. Even after full development of water resources, about 50% of the land will 
continue to be dependant on rains. Yield levels in drylands continued to be around 0.5 
t/ha in spite of earlier research efforts on rainfed agricultural management during the 
thirties and again in the fifties. The availability of new plant material during the
mid-sixties showed promise for improving agricultural production in drylands. The 
national project on dryland agriculture with 23 regional centers was launched in 1970.
The cooperating centers have generated a newpackage oftechnology with an increased 
yield ,potentialof 250 to 400% a; the agricultural experiment stations. The on-farm 
testing of the new technology has g.,ven consistent yield increases of 100 to 200% on
largepilot/operationalprojectareas. New cropping systems especiallysuitedto regional
situations have been developed, incorporating oilseeds and pulses. Area development 
on a watershed basis along with in situ water harvesting and/or runoff collection and 
recycling are other imporant features of this technology. 

The central problem of sustained land use in the 
dry regions has always been to find and main-
tain a balance between man's requirements and 
the productive capacity of the land. Throughout 
history, man has, by overuse, consistently re-
duced the productive capacity of the drylands, 
Inspite of the great concern about this problem, 
the situation has not changed in India, where 
both human and animal population far exceeds 
the supporting capacity of the region. Over-
grazing has caused an overall reduction in the 
plant cover, thereby accelerating erosion; this 
in turn has contributed to instability of produc-
tion, with permanent damage to the environ-
ment. 

The semi-arid tropics represent seasonally 
dry areas, receiving most of their precipitation
during one season of the year, whilst the rest of 
the year is more or less dry. The rainfall is 
suffirient for raising certain types of crops 
when adequate management techniques are 
adopted. Since soil profile moisture and its 
environment are modified by the extent of 

Deputy Director General, Indian Council of Agricul-
tural Research, and Project Coordinator, All India 
Coordinated Research Project for Dryland Agricul-
ture. 

irrigation, for the delineation of SAT areas the 
irrigation command area covered in the region
needs to be taken into account. Assuming that 
the areas receiving an annual rainfall of 375 to 
1125 mm and with less than 30% irrigated area 
fall in this category, the SAT region covers 115 
districts in the country. Nearly 280 million 
people live in this belt. 

In the lower rainfall area of 375 to 750 mm, 
covering 41 districts, the subsoil is not properly 
charged and the shortage of groundwater is 
acute. The available water is generally brackish 
and often unfit for use on agricultural lands. The 
areas having an annual rainfall of 750 to 1125 
mm, covering 74 districts in the country, are 
considered areas with the hihest potential for 
agricultural production with moderate effort. 
The drought-prone areas, covering about 60 
million hectares, are spread in the 72 districts 
representing both arid and semi-arid regions, 
with a population of 30 million. 

In many of the SAT districts of India, the 
cultivated area is a high percentage (70 to 90%)
of the total geographical area. However, about 
54% of the hot,.i-gs are smaller than 1 ha, and 
these tiny holdin,. are comprised of three or 
four fragmented par.;eis. Only 3% tarmers own 
more than 10 ha. 
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The production in the semi-arid tropics in 
proportion to the total crop production is: 30 to 
40% for wheat and rice; 60 to 70% for maize, 
ragi, and cotton; 80% for sorghum and pearl 
millet; 90% for ailseeds/pulses; and 100% for 
small millets. Therefore, the only way to meet 
the shortages of protein, edible oil, and cotton is 
to improve the productivity of these crops in the 
rainfed areas of the country. 

But the yields of crops in the region are low 
and fluctuate from year to year. Besides having 
erratic rainfall and poor quality groundwater, 
these areas quite often are heavily eroded and 
have very shallow soils. The problems of sa-
linity and alkalinity are quite widespread in the 
region. 

To summarize, the SAT region of India is 
characterized by intense rainfall interspersed 
with drought; short rainy seasons; low soil 
organic matter content; poor natural soil pro-
ductivity, and, at times, low infiltration 
capacities of soils; severe runoff and water 
erosion hazard; small fields and segmented 
farms; limited capital resources; and animal 
and human labor as primary draft power 
sources. Therefore, the largefarm technology 
prevalent in the developed countries is not 
directly applicable to the Indian situation. 

Research and Development 

Early Research Approaches 

Organized research efforts to improve crop 
production on the drylands were initiated as 
early as 1933 by the then Imperial Council of 
Agricultural Research when it sponsored five 
dry-farming research centers located at Rohtak, 
Sholapur, Bijapur, Raichur, and Hagari, which 
operated for 10 years, up to 1.43-44. The 
recommendations emerging from these cen-
ters emphasized bunding to conserve soil and 
water; deep plowing for improved water intake 
and storage; use of farmyard manure to supply 
plant nutrients; and use of low seed rate, wide 
row spacing, and interculture of crops for ef-
ficient use of the limited moisture in the soil. 
However, the marginal return of ,5 to 20% over 
the base yield of 200 to 400 kg/ha did not 
encourage the farmers. Therefore, the dryland 
agriculture research receded to the background 
and the research effort on irrigated agriculture 

was given greater attention. 
The establishment of soil conservation re

search centers in the mid-fifties provided 
further needed information on factors of pro
duction, such as land-use classes, rainfall 
patterns, runoff collection, fertilizer use, etc. 
During this period, the soil and water conserva
tion development programs became more 
popular with the government and later on these 
became synonymous with contour bunding. 
The solution to the problem of low productivity 
continued to be elusive, and the available re
search information lacked in proper under
standing of the constraints and limitations 
within which crop production i;carried on in the 
low rainfall areas. It was recognized that in 
these soils water was available to the crop 
plants for only a short period of 100 to 120 days 
and that only crops and varieties maturing 
within that period could yield high in such 
areas. The impact of this program also did not 
become as spectacular as expected, because 
the desired plant material was not available 
until the early sixties. 

In 1965, short-duration hybrids/varieties of 
some important dryland crops (sorghum: 
CSH-1; pearl millet: HB-1, and FRS cottons) 
became available for extensive field testing. 
With needed refinement in agronomy, these 
hybrids/varieties gave large yield increases 
under r;,,nfed conditions, both on research 
farms and on farmers' fields. In fact, the 
superiority of CSH-1 sorghum and HB-1 pearl 
millet over local varieties was more pro
nounced in years of subnormal rainfall. Avail
ability of this much-needed biological com
porent of short-duration, input-responsivecrop 
plants provided the real breakthrough in pro
duction on drylands. 

National Research Project 
on Dryland Agriculture 

The All India Coordinated Research Project for 
Dryland Agriculture was formally launched in 
June 1970 in active collaboration with the 
Government of Canada. It is a multidisciplinary 
research unit with 23 cooperating centers Io
cated in typical agroclimatic zones listed below. 

Production environments vary from region to 
region and each center identified and analyzed 
the constraints limiting crop yields in the area 
and developed a relevant location-specific re
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Region 

1. Submontane region 
a) Humid 

b) Semi-arid 


2. 	Desert soil region 
a)Arid 

3. 	Alluvial soil region 
a)Subhumid 
b) Semi-arid 

4. 	Black soil region 
a) Semi-arid 

b)Arid 

5. 	Red soil region 
a) Subhumid 
b) Semi-arid 

c) Arid 

Centers 

Dehra Dun 

Hoshiarpur (Ludhiana), 

Rakh Dhiansar (Samba) 


Hissar, Jodhpur 


Varanasi 

Agra, Dantlwada 


Udaipur, Indore, Akola, 
Sholapur, Bijapur, 

Kovilpatti 
Rajkot, Bellary 

Ranchi, Bhubaneswar 
Hyderabad, Bangalore, 
Jhansi 
Anantapur 

search program to solve production problems. 
These programs were reviewed by a coordinat-
ing cell consisting of senior scientists from India 
and Canada. These scientists provide the lead 
research and identify areas of research, keeping 
the national goals in view. 

The primary objetive of the project is to 
develop practices and/or systems leading to 
substantial improvement and stabilization of 

crop yields in different dryland areas of the 
country within the constraints and limitations 

specific to ehch region. The imporkant resiilts 
obtained so far are discussed in the following 
paragraphs. 

Achievements 

The new phase of dry-farming research during 
the last 8 years has generated considerable data 
on batter moisture conservation and use, timely 
preparatory and seeding operations, es
tablishment of adequate crop stands, satisfac
tory weed control, efficient fertilizer use, new 
cropping patterns, crop life-saving techniques,
and mid-season correction in crop planning in 
the drought-prone areas. Adoption of these 

improved soil, water, and crop management 
practices has reduced fluctuations in produc
tion from year to year. 

Only illustrative results relevant to broad 
objectives of this project are presented. 

Potential of New Technology 

Comparing results from the technology of the 
thirties with those from the techn(togy of the 
seventies, it is significant that adoption of the 
technology has greatly increased production 
potential (Table 1). Under normal rainfall (501 to 
518 mm) at Hagari, Bellary, and Bijapur, the 
yield of sorghum was much lower during the 
period 1934-1941 (4.91-5.50 q/ha) compared 
with 1971-1977 (21.7 q/ha). 

Table 1. Relative yield of crops with earlilr and new technology of crop production In drylands. 

Station 
Normal rainfall 

(mm) 

Hagari 515 
Bellary* 518 
Bijapur 601 
Bijapur 606 

Sholapur 616 
Sholapur 680 
Rohtak 446 
Hissar* 413 

Crop Period 
Mean yield 

(qlha) 

Sorghum 
Sorghum 
Sorghum 
Sorghum 

1935-40 
1971-77 
1934-41 
1971-77 

5.5 
21.7 

5.1 
11.1 

Sorghun 
Sorghum 
Gram 
Gram 

1934-41 
1971-77 
1935-38 
1971-77 

2.3 
16.6 
6.3 

13.8 

Since Hagarl and Rohtak stations ceased to function by 1970, data from the nearest research centers have been used for 
comparison. 
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Cropping Season 

Based on climatic water-balance studies, the 
growing seasons have been identified for all the 
23 regions where dryland research centers are 
situated (Table 2). 

It is obvious that with a 10- to 20-week 
cropping season, only a sole crop can be at-
tempted. For regions with a 20- to 30-week 
growing season, cropping intensity can be in- 
creased through intercropping, whereas with a 
30- to 50-week period, double cropping is pos-
sible. 

Efficient Crops for Different Regions 

Different crops and cropping systems have 
been identified for fuller and more efficient 
utilization of rainfall and stored moisture. If 

crops are grown only on stored moisture, the 
depth of the soil and the available stored 
moisture in the profile are important for deter-
mining crop and variety choice. An example is 
given for Bellary region (Table 3). 

Even in high rainfall areas, soil depth per se 
becomes important in selection of cropping 
systems. In the Indore region, with a high 

rainfall of 990 mm, shallow soils can support 
only a monocropping system; medium soils 
can support intercropping; and deep soils can 
support sequence cropping (Table 4). 

Efficient crops and varieties have been 
identified for different regions (Tables 5,6, 7). In 

Table 2. Length of effective cropping season at dryland research centers. 

Category 

A. Less than 20 weeks 

B. 20-30 weeks 

C. More than 30 weeks 

Regional centers and effective 

-ropping seasons 

Bellary, Jodhpur, Anantapur
WO) 011) (13) 

Hissar, Rajkot, Bijapur 
(17) (17) (17)
 

Jhansi, Kovilpatti, Hyderabad 
(21) (21) (22)
 

Udalpur, Sholapur, Agra
 
(22) (23) (24)
 

Anand, Akola 
(25) (27) 

Bhubaneswar, Varanasi 

(31) (32) 
Hebbal, Hoshlarpur, Indore 

(32) (35) (36) 
Rewa, Samba, Ranchi Dehra Dun 

(36) (44) (45) (51) 

Figures Inparentheses Indicate the duration of cropping eson Inweeks. 

Table 3. Crop choice In relation to stored 

moisture In Bellery region. 

Available 
moisture (cm) 

20 

15-20 

10-15 

<10 

Crops 

Sorghum (M 35-1 or SPV-86)
 
Safflower (A-300, 7-13-3)
 
Gram (A-i)
 
Sorghum (CSH-2, CSH-3)
 
Safflower
 
Gram
 
Safflower
 

Gram
 
Sorghum as fodder
 

Dolichos
 
Lima beans
 
Phaseolus vulgar/s 

Cropping Intensity
 

Sole Cropping
 

Intercropping 

Sequence cropping 
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early seeding, it is also possible to obtain betterTable 4. Efficient crops In relation to soil moistureandalongergrowingseaso:i.Sumeof
depth In kIdore region, 	 the results of the effect of sowing dates on the 

Available 

Depth moisture (cm) Crops
 

Shallow 10 	 Sorghum (CSH-5, CSH-6)
Maize (Ganga-5, Chandan-3) 

Medium 15 	 Soybean (T-49) 

Sorghum+pigeonpea 

(150-day variety) 


Deep 20 	 Maize-safflower (JSF-1) 

Soybean-gram (Ujjain-24)

Sorghum-gram 


some of the regions, however, inefficient crops
continue to occupy large areas. Extension 
efforts are being intensified to substitute these 
with efficient and productive crops. Data ac-
cumulated in the various research centers show 
that the untapped yield potential is as high as 
250 to 400%. 

Sowing 

Early sowing of crops has several advantages, 
both general and specific. The general ad
vantage of early sowing is the possibility of 
obtaining good and vigorous seedlings. By 

yield of crops are listed in Tables 8 and 9. 

Advancing Sowing Time 

Another important consideration is advancing 
the sowing time ofrabi(postrainy season) crops
in southern India, 	 where the temperature
changes between kharif (rainy) and rabi sea
sons are gradual. In such situations, moisture 
rather than temperature determines the sowing
dates of postrainy season crops. The Deccan 
rabi region, comprised of Sholapur, Bijapur, 
and Bellary, is sown withrabisorghum after the 
cessation of the rains, approximately the last 
week of September in Bijapur, the first week of 
October in Sholapur, and second week of 
October in Bellary. However, by advancing the 
sowing period by 3 to 4 weeks in these regions, 
enormous yield increases have been obtained 
(Table 9). The yield advantage due to advance in 
sowing time seems to be primarily due to 
optimized use of water. 

Seeding Methods 

Inthe recent past, the project attempted several 
innovations in existing seeding devices. In the 

Table 5. Efficient crops and varieties for different regions (< 20 wojeks' cropping season). 

Average yield (qlha) 

Region Crop Variety 
Seasons 
averaged 

Research 
farms 

Farmers' 
fields 

Bellary 

Jodhpur 

Anantapur 

Hissar 

Rajkot 

Bjapur 

Sorghum 

Pearl millet 

Groundnut 
Castor 
Pigeonpea 

Pearl millet 
Mustard 

Pearl millet 

Sorghum 
Satffowe, 
Cotton 

CSH-8R 

H8-3 

Kadirl 71-1 
Aruna 
PM-1 

BJ-104 
S-9 
T-59 
HB-3 

M 35-1 
7-13-3 
Suyodhar 

4 

3 

5 
3 
7 

2 
4 
4 
3 

2 
6 
5 

35 
18 

15 
8 
7 

34 
11 
14 
18 

21 
12 
16 

3 
3 

5 
3 

3 
4 
4 
5 

5 

2 
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Table 6. Efficient crops and varieties for different regions (20-30 weeks' eropping *eason). 

Average yield (q/ha) 

Seasons Research Farmers' 
Region Crop Variety averaged farms fields 

Jhansi Sorghum 
Pigeonpea 
Wheat 

CSH-5 
Hy-1 
Kalyan Sona 

2 
2 
3 

23 
17 
20 

9 
8 

11 
Barley Ratna 3 25 12 
Gram T-2 3 17 4 

Hyderabad Sorghum CSH-6 4 36 4 
Castor Aruna 3 15 6 

Udaipur Sorghum 
Maize 

CSH-5 
Ganga-5 

6 
6 

29 
18 

6 
9 

Wheat Narbada-4 1 15 5 

Sholapur Sorghum SPV-86 5 21 3 
Safflower 7-13-3 4 17 5 

Agra Mustard RT-16 4 20 7 
Barley Ratna 5 21 14 

Anand Pearl millet NHB-5/BJ-104 3 14 10 
Castor GCH-3 
Tobacco G-4 
Cotton Hy-4 

Akola Pearl millet HB-3 
Sorghum CSV-4 

Hyderabad region where the kera method 
(seeding behind plow) is prevalent, the pora 
method (seeding through a tube) has been 
introduced by attaching a bamboo tube to the 
plow. The use of seed drills for sowing has 
become popular in the Bangalore region. In 
Hissar, the ridger-seeder developed through 
SIDA-ICAR collaboration has been well ac-
cepted by the farmers. Line-sowing has been 
accepted as an innovation in the trihal area 
around Ranchi. 

Placement of fertilizers (up to 10 kg N/ha) 
along with the seed has been found to be safe 
and useful for promoting seedling vigor. Use of 
complex fertilizer to apply all the phosphorus 
and a portion (not exceeding 10 kg) of nitrogen 
has been suggested for wider adoption, 

Crop Geometry 

Crop geometry includes plant population and 

row widths. 

Plant density. High-yelding cultivars of crops 

7 
4 
5 

13 
11 
8 

5 
4 
3 

3 
3 

16 
18 

4 
5 

perform better only at ideal plant populations. 
In other words, in a community the high
yielding varieties and hybrids perform far 
superior to the existing local varieties. That 
ideal population is important to obtain higher 
yields has been well established for several of 
the experiments in the project. 
Row width. Several studies of the project 
indicated that there could be enough flexibility 
in the interrow distance of crops. For example, 
sorghum can be planted as close as 30 cm and 
alsoaswideas75 cm without reduction inyield, 

provided the ideal plant population of 0.18 
million/ha is maintained. Increased row widths 
a!low ease of interculture, particularly for weed 
control, facilitate sowing of large areas in a 
short time, and increase the scope for inter

cropping. 

Cropping Intensity 

The cropping intensity in semi-arid areas is 

generally 100, implying that only a single crop is 
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Table 7. Efficient crops and varieties for different regions I> 30 weeks' cropping season). 

Average yield (q/ha) 

Seasons Research Farmers' 
Region Crop Variety averaged farms fields 
Bhubaneswar Upland rice DR-92 5 21 11 
Varanasi Rice Cauvery 7 28 7 

Maize 
Blackgram 
Wheat 
Barley 
Gram 

Ganga-2 
T-9 
C-306 
R-129 
C-130 

8 
7 
5 
3 
5 

21 
13 
24 
36 
35 

10 
6 

10 
13 
8 

Hoshlarpur Maize JML-603/607 4 40 20 
Wheat PV-18/K-227 7 28 8 

Indore Maize Ganga-5 5 43 12 
Soybean Bragg 6 27 10 
Safflower JSR-1 7 24 

Rewa Rice Cauvery 7 29 6 
Wheat C-306 3 21 7 

Samba Maize Ganga Safed-2 4 19 10 
Wheat Kalyan Sona 3 33 15 

Ranchi Upland rice Bala 6 30 8 
Dehra Dun Upland rice RP 79-5 5 44 12 

Wheat Kalyan Sona 3 27 10 

taken during a year; however, research has also leads to better utilization of labor and
provided ample evidence that the cropping material resources. Some suitable intercrops
intensity can be increased both by intercrop- for different regions are listed in Table 10.
ping and sequence cropping. In areas where Intercropping of postrainy season crops,
rainfall is inadequate, ranging from 375 to 625 raised on limited conserved soil moisture, has 
mm, and soil moisture storage capacity is less not been found more remunerative than the
than 100 mm, it is preferable to take a single sole crop. Even in the rainy season, only tested 
crop during the rainy season; however, when intercrops should be chosen. 
the rainfall is between 650 to 750 mm, with a 
period of moisture surplus, intercropping has
proved useful in increasing and stabilizing crop Table 8. Effectof sowing date on the ieldof
production. In regions of 750to 900mm rainfall, pearl millet (Hyderabad). 
with soil moisture storage capacity of 150 mm 1972 1973 1974 
and above, sequence cropping is possible.

Beyond 900 mm and with soil moisture storage Yield Yield Yield
 
capacity of 200 mm and above, sequence crop- Date (qlha) Date (q/ha) Date (q/ha)

ping is assured.
 

117 12.1 9/6 32.0 18/6 20.3Intercropping. In the Indian context, mixed 14/7 19.6 23/6 41.9 3/7 33.8 
cropping, intercropping, and monocropping 29/7 15.0 7/7 34.1 18/7 19.9 
are age-old practices. It is claimed that the 8/9 8.4 21/7 23.9 2/8 5.022/9 7.4 4/8 17.4system distributes risk due to vagaries of 17/8 5.17/10 3.1 19/8 18.0 1/9 3.2
weather and incidence of pests and diseases; it 
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Table 9. Effect of advancing sowing date on sorO m y ,,s(Bellary). 

System 1971 1972 1973 

Advanced sowing 
Normal sowing 

15.4 
5.0 

33.7 
12.4 

30.1 
16.8 

Sequence cropping. Some examples c 
sequence cropping are listed in Table 11. The 
data clearly indik.:;te the immense potential for 
crop production ;n these regions and the scope 
for additional production of the most needed 
pulses and oilseeds. 

Integrated 	Nutrient Supply 

Experiments conducted by the project have 
conclusively proved that it pays to fertilize 
dryland crops. In the drylands, response to 
nitrogen is universal (Table 12), but varies 
considerably from season to season and place 

Table 10. 	 Someu~tobleintrcropsfordlffe-
rent regions, 

Base Inter-
crop crop 

Region System Yield (qha) 

Bijapur 	 Pearl millet 14.1 
Pearl mi!letlpigeonpea 11.6 8.0 

Ranchi 	 Maize 28.6 
Maize/pigeonpea 28.2 6.2 

Akola 	 Sorghum 33.5 
Sorghum/greengram 30.8 7.3 

Sholapur 	 Pearl millet 18.0 
Pearl millet/pigeonpea 18.3 17.0 

34.4Hyderabad 	 Sorghum 
Sorghumlpigeonpea 33.5 5.5 

22.3 4.7Sorghunpigeonpea 

Indore 	 Sorghum 32.7 
Sorghum/groundnut 28.3 7.6 

38.8 
Maize/soybean 38.7 1.8 

Dehra Dun 	 Maize 

Grain yields (qlha) 

;174 1975 1976 1977 

10.7 16.5 12.5 12.3 
2.4 7.4 2.6 7.4 

to place. The response to phosphiorus is motly 
limitf cdto the semi-arid and subhumid red soil 
regioiis and the granitic black soil regions. 
Resporns to potassium is limited to light soils 
and h0gh-level production. 

In crder to increase and stabilize the response 
to fertilizers, crop management needs to be op
timized. Crops vary in their response to'ferti;iz
ers. Cereals respond to both N and P, while 
quick-growint: pulses respond to phosphorous 
and deep-rooted crops respond more to nitro
gen. Furtioir, fertilizer-use efficiency per se can 
be triwnced >'y the su ly of other limiting 
nutrients -, Sulfur enhanceds,:ll. yields of 
groundnut in the Bangalore region. Zinc de

was perceptible in Anantapur, Banga-
Ior6, 1ellary, Bhubaneswar, Hyderabad, Indore, 
ficv.n.e/ 


Rajkot, and Ranchi regions. Placement in
creased fertilizer efficiency. In drought-prone 

area. (e.g., Rajkot) set-line cultivation with lower 

level. of fertilizer was found useful. Split appli
cation of M for rainy season crops is a must to 
save fertilizer in case of aberrant rainfall. 

Optimizing soil management increases water 
intake and storage, which consequently in

creases fe-tilizer efficiency. Increased s",, 
depth, verlical mulch, and advance sowing ai a 
somre methods of increasing the stored mois
ture in the profile. 

Since much of the available fertilizer in the 

countv gous to the irrigated areas, efforts 
should be made to supply much-needed plant 

nutrients through other means such as plantin;g 

legumes and using organic residues. Thus, 
there is need for an integrated nutrient-suppiy 

system to reduce the use of chemical fertilizer 
and improve its use efficiency. This is especially 
relevant in the drylands, because the dryland 
farmer's capacity to iavest is low and the risk 

involved is high. 
The recent FAO/UNDP Consultancy on Tropi

cal Agriculture points out that the contribution 
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Table 11. Suitable crop sequences In different regions. 

Region 	 Crop sequence 

Samba 	 Bajra-wheat 
Fallow-wheat 

Dehra Dun 	 Maize-wheat 
Rice-wheat 
Fallow-wheat 
Maize-gram 

Varanasi Rice-gram 
Fallow-gram 

Hoshiarpur Maize-wheat 
Fallow-wheat 
Maize-gram 
Fallow-gram 

Bangalore Cowpea-ragi 
Ragi (alone) 

Akola Sorghum-safflower 

Anand 	 Cowpea-tobacco 

Bijapur 	 Greengram-safflower 

Indore 	 Maize-safflower 
Sorghum-gram 
Maize-gram 

of a legume in the cropping system would be 
about 9 to 15 kg/ha of nitrogen. Legumes a.e a 
component of several sequence and intercrop-
ping systems developed by the project. In fact, 
in the intercropping system, the association of a 
legume leads to an economy in nitrogen. In a 
legume-safflower sequence, data show that 
safflower benefits. 

Table 12. Response of cereals to nitrogenfertilizer 

No. of Level of N Response 
Crop trials (kg/ha) (per unit N) 

Rice 17 40 20.3 
Maize 5 40 15.5 
Sorghum (kharif)
Pearl milletWea t 

9 
3

12 
40 
40
50 

26.7 
19.2 
25 

Bharle 14 40 27.5 
Sorghum (rabi) 8 30 14.4 

First Second 
Seasons crop crop 
averaged Yield (q/ha) 

3 21.5 	 24.0 
3 	 33.3 

4 30.5 	 31.8 
4 43.1 	 29.9 
4 	 26.8 
4 30.3 	 16.2 

2 30.2 	 25.4 
2 	 35.7 
7 27.3 	 27.2 
3 	 23.2 
7 27.3 	 15.3 
3 	 17.0 

5 8.6 	 27.6 
4 26.9 
3 45.4 i4.1 

2 8.2 9.7 

2 7.5 	 10.6 

3 29.5 	 10.8 
3 32.1 	 13.9 
3 35.5 	 14.3 

In a study on incorporation of organic re
sidues in red soils of Hyderabad, it was found 
that after 4 years the physical properties im
proved, leading to better yields. 

Weed Cctrol 

Weed control is important in optimizing the use 
of various inputs by the crops. It is now well 
established by the project that weed control is 
particularly important within the first 3 to 4weeks of the seeding. 

Soil Management 

The studies on soil management, though site
and location- specific, have a common goal: the 
improvement of crop production through better 
soil and water management. The soil problems 
are generlly those that could potentially be 
ameliorated by tillage; water management 
problems in';lude rainfall runoff collection, itsstorage and reuse, and management of in situ 
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stored water. The Axperiments on soil man-
agement include deep tillage, year-round 
tillage, vertical mulching, surface mulching, 
and some aspects of zero-till farming practices. 

Deep tillage increased yields of many crops in 
different regions (Table 13). At Bellary and 
Sholapur, the benefits of vertical mulching were 
evident in the improved water intake into heavy 
black soil, this being most apparent in drought 
years (Table 14). Year-round tillage has been 
attempted at the Hyderabad, Rewa, Varanasi, 
and Bangalore centers with varying success, 

Preliminary studies proved zero-till farming 
beneficial at Indore for safflower in a sequence, 
but not with wheat; however, at Anantapur, 
Bangalore, and Hissar the results were not 
encouraging. 

Mulching has very little place in crop produc-
tion during the rainy season, but where soil 
mulch is created as part of weed control prac-
tice, it may serve a purpose. However, postrainy 
season experimental data from many centers 
revealed that under moisture stress conditions, 
or where moisture can be carried over for a 
short time or can be conserved for a subsequent 
crop, mulching has been beneficial (Table 15). 

In alluvial soils, winter crops have benefited; 
the moisture seems to be a common causative 
agent. Mulches not only conserve moisture 
under proper circumstances but also influence 
soil temperature. 

Farming Systems 

The ICAR/ICRISAT collaborative Farming Sys
tems study on soil and water management was 
initiated at seven centers in 1977 and has been 
taken up at 15 centers during 1979. This study is 
designed to determine how soil and water can 
best be managed on inter-terr-aczz ;ands. Ag
ronomic and physical lanr.-treatrnent practices 
are being developed to ;mprove soil ano water 
conservation in situ by controlling runoff and 
erosion and facilitatirg infiltration of water into 
the soil uniformly over the watershed area. In 
the first experiment, the emphasis is on re
sources development, conservation, arid utili
zation in rainfed areas. The second experiment 
on hydrological studies is aimed at improving 
land and water utilization in small agricultural 
watersheds. 

The preliminary studies reveal that the 

Table 13. Effect of tillage practices on yield of crops (q/ha). 

Region 	 Crop 

Jodhpur 	 Pearl millet 

Dehra Dun 	 Maize" 
Wheat 

Hoshiarpur 	 Wheat 
Maize 

Agra 	 Barley 

Bangalore 	 Maize 
Pigeonpea 
Groundnut 
Ragi 

Sholapur 	 Sorghum 

Anantapur*" 	 Castor 
Pigeonpea 
Pearl millet 
Groundnut 

Postrainy season tillage 
Tillage first year and residual effect for 3 years 

Year 

1 

3 
1 

1 
1 

2 

3 
1 
1 
1 

1 

4 
4 
3 
4 

Shallow Deep tillage 
(Country plow) (Moldboard plow) 

8.5 10.8 

39.1 47.3 
14.1 16.1 

6.3 12.9 
15.6 21.8 

14.9 17.3 

33.9 45.3 
3.8 9.6 

11.3 13.8 
33.7 38.1 

2a.9 29.7 

8.7 11.4 
8.4 11.5 
8.2 7.7 
7.9 9.9 
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Table 14. Effectof vertical -nulch on sorghum
In Bellmry. 

Grain yield (q/ha) 

Interval 1973 1974 1975 1976 1977 

8 m 2.8 16.1 17.7 11.2 19.2 
4 m 4.0 16.9 17.8 12.5 15.4 
Control 0.2 11.2 11.0 10.8 14.5 

benefit of bedding over flat on grade is cnly 
marginal (7%). The reasons for this marginal 
increase could be that the season was favorpb!e 
during 1978, except in Anantapur. Land 
configuration may be more useful in critical 
years. 

In the future, the introduction ofequipment to 
monitor soil ceosioi and runoff will make it 
possible tr measure the effectiveness of farm-
ing systems tested. 

Runoff Management and Storage 
Structures 


In a monsoon climate, where rainfall is concen-
trated in a 3- or 4-month period, the storage of 
excess water in the catchment is as important as 
the vegetative cover alone. This storage not 
only reduces soil erosion and controls flash 
floods but also changes the microclimate of the 
watershed area. In undulating terrain, the con-
struction of small ponds and tanks in small 
watersheds of 5 to 10 ha augments the under-
ground storage of monsoon flow by encourag-
ing infiltration and recharging aquifers. The 
recycling of stored water not only ensures the 
success of the rainy season crop when the 
monsoon recedes earlier than expected, but 

Table 15. Effect of mulches on yield of crops 
(q/ha). 

Region Crop Years Control Mulch 

Hoshiarpur Wheat 2 28.6 35.1 
Dehra Dun Wheat 3 23.3 29.3 
Anand Tobacco 2 13.3 18.4 
Kovilpatti Sorghum 1 5.3 9.4Varanasi Barley 1 17.5 19.1
Sholapur Sorghum 9.81 16.4 
__________Sorghum _1_ 9.8_ 16.4_ 

also helps to harvest a good postrainy season 
prop by providing presowing irrigation and,
later, life-saving irrigation during the crop 

*6rqwth period. The experiments on runoff re
cycling at various centers of the dryland prqject 
have given y;eld increases ranging up to 300% 
over the checks, which receiVed no pres'owing 
or subsequent irrigation (Table 16). 

Developmental Work 

Operational Research Project 

Sir Joseph Hutchinson, reviewing the work on 
dry farming in India, stated that it lacked the 
intermediate stage of pilot operational re
search, which is an essential element in suc
cessful transfer of results f: village farming 
practices. Consequently, the Indo-UK project 
was started by ICAR in 1973 to test the dry
farming technology evolved at agricultural ex
periment stations and to study the operational
problems involved in the transfer of research 
results to the farmers' fields. Subsequently, 
during Phase IIof the Indo-Canadian technical 
collaboration, four more operational research 
projects at Hoshiarpur (Punjab), Ranchi (Bihar), 
Hyderabad (Andhra Pradesh), and Hebbal 
(Karnataka). 

At Indore, in an operational project covering 
2000 ha in three villages, nutrient use and 
intensity of cropping have increased from 2 kg 
to 49 kg/ha and from 103 to 13r,;%, respectively. 
The introduction of improved varieties of sor
ghum, maize, soybean, wheat, and gram .as 
contributed substantially to the yield improve
ment of these crops, the increases being several 
fold in sorghum and maize. 

With an improvement in the managerial skills 
of the tarmers and stability in agricultural pro
duction, farmers have gained the confidence to 
invest more on critical inputs, which have, in 
turn, resulted in higher net returns (Table 17).
There has been a manifold increase in the 
construction of open wells, installation of 
pumpsets for irrigation, and purchase of power 
threshers. 

Similarly, in the Hoshiarpur ORP started in 
1976-77, covering two villages, an investment 
of about Rs. 400'ha for minor land leveling, 
bunding, and suitable structures for disposal of 
excess water on an area of 16 ha owned by 20 
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Table 16. Effect of critical Irrigation on the yield of crops. 

Seasons 
Region Crop averaged 

Dehra Dun Wheat 4 
Varanasi Barley 2 
Ludhiana Wheat 4 
Agra Wheat 2 

Bijapur 
Bellary 
Sholapur 
Rewa 

Sorghum 
Sorghum 
Sorghum 
Upland rice 

5 
4 
5 
4 

Wheat 4 
Anand Bidi tobacco 1 

cultivators has resulted in 100 to 200% yield 
increases. The yields of maize, wheat, and 
fodder dry matter were increased from 13.6 
to 22.3, 16.1 to 27.3, and 44 to 129 q/ha,re-
spectively. 

The cultivators in the villages covered under 

the operational research project at Bangalore 
and Hyderabad have been persuaded to adopt 

improved land and water-use practices on an 

agricultural watershed basis. The field plots 
demonstration on improved soil-, water-, and 

crop- management practices has shown con-

sistent increases in yields. 
Encouraged by our success, we propose to 

start four additional ORPs at Hissar (Haryana), 

Rewa (Madhya Pradesh), Anantapur (Andhra 
Pradesh), and Sholapur (Maharashtra) during 

the Sixth Five-Year Plan. The emphasis in these 
projects will continue to be on farmers' ac-
ceptance of new research-proven concepts and 
practices. 

Pilot Projects 

Another unique feature of the project is the 

attachment to each research center - except 
Dehra Dun, Hoshiarpur, and Dantiwada - of 

about 800 to 2000 hectares of land situated, on 
a catchment basis, over one to three villages, 
The scientists have to provide backup for de-

veloping an action program for crop production 
in drylands. To induce farmers to adopt the new 

systems of farming, subsidy was provided for 

inputs during the Fourth Five-Year Plan; in the 

Yield (qlha) 

Without With one 
irrigation irrigation 

21.4 35.5 
26.0 33.6 
19.2 41.1 
21.9 27.4 

16.5 23.6 
4.3 13.7 
9.8 18.2 

16.2 27.8 
5.7 18.8 

12.1 18.1 

Fifth Plan, this was reduced to a nominal 
amount (Rs. 20/ha). Unfortunately, work on 
each watershed was planned only for 1 year, 

which was considered by the scientists as 

inadequate to spread the message of new 
dryland crop production technology and to 

develop the managerial skill of the farmer to a 
level that could be sustained after the termina
tion of the project. Thus the adoption and 

diffusion of the technology has not been satis
factory in these projects. 

However, an analysis of the impact of the 

orograms revealed that for cash crops such as 

castor, groundnut, tobacco, etc., fertilizer use 

was adopted. On an average, 0.5 t/ha additional 

production could be achieved during the im
plementation of the program. This worked out 

to 100 to 200% additional production in the 

various project areas. 

Future Research Needs 

Runoff Management 

St-.dies on runoff management should include 
runoff collection, storage, and recycling. At

tempts should be made to develop models for 

future projections; such modeling would be 
helpful in determining the size and location of 

the storage tank. Further, while considering 
recycling, the use of various types of pumps to 

lift water from the ponds to fields and efficient 
methods of minimal water use need to be 

218 



identified. Naturally, this coincides with tf 
critical stages of crop growth as well. Thus, 
while considering runoff management, the 
water so stored should be considered only for 
critical irrigation. 

Table 17. 	 Increase In investment and Income 
(Rs./he) Operational Research Pro-
ject, Indore. 

1973-74 1974-75 1975-76 1976-77 1977-78 

Invest-
ment 493 388 576 608 690 

Grots 
Income 656 560 1005 1127 1292Noet 

income 163 172 429 519 602 

Seepage Control Methods 

The success of water harvesting, storage, and 
recycling is determined by an effective seepage 
control technology. Several seepage control 
methods - for instance, the use of lining ma-
terials such as bentonite, polymer films, con-
crete, asphalt, and butyl rubber- have been 
used with virying degrees of success. Other 
materials - such as latex emulsions and resin-
ous polymers -though not efficieni at this 
stage, may, in the future, result in sup~erior 
products that may be more suitable as woll as 
economical. Chemical and gleization methods 
can be considered as low-cost methods that 
have scope for further research and field
scale application. In India, research efforts will 
have to be intensified to locate a cheap and de
pendable lining material for minimizing the 
seepage losses. 

Optimizing Use of Natural Resources 

Efforts must be made to increase in situ water 
harvesting by some kind of land configuration 
and/or shaping. Such efforts are in progress in 
the dryland project but they need to be fortified. 
While bunding is to be taken as an erosion 
control practice development of suitable land-
shaping practices is equally important in the 
interbunded area for uniform distribution of 
moisture, 

Land-use Capabilities 

While considering land-use capabilities, agro
forestry and silvi-pastural systems are im
portant. Available information on land use is 
inadequate and more needs to be collected. As 
the marginal and submarginal lands come into 
cultivation, the cost of cultivation also will 
increase. In such instances, perhaps, pastural 
systems would be more meaningful. 

Pulses and Oilseeds 

Another area of research that needs attention 
by the dryland scientists is the place of pulses
and oilseeds in cropping systems. The research 
information from the project has established 

the scope of pulses and oilseeds in intercrop
ping and sequence cropping systems. More 
comprehensive planning and experimentation 
is required to obtain higher yields of these two 
commodities in drylands. 

Organic Recycling 

The principle of "chain recuperation" of ener
gies is called for at the present juncture of the 
energy crisis. Conserving and improving the 
quality of the land through the use of organic 
wastes and bettE:- cropping systems and aiming 
at maximum zsonomy in the use of fertilizers 
should be the basic principles for improving the 
rural environments. Use of symbiotic micro
organisms for fixing nitrogen from the air 
would be an added advantage in cropping 
systems. 

Socioeconomic Analysis 

Another important area of research is economic 
analysis. The project is already working on the 
economics of various improved systems of 
farming as awholr,.:nd in components. Further, 
it is also attempting to study the adoption and 
diffusion of the various improved practices 
developed. Data must be based increasingly on 
real farm situations so that the new technology 
will be widely and freely accepted. 

Training 

Training the farmer and the extension worker is 
an important component in the project. Ad

219 



justments and judgment increasingly play an 
important role in crop production in drylands. 
Therefore, "guides for improved judgment," 
indicating the critical value and the range of the 
crucial factors concerned, need to be prepared 
urgently. 

Further, the strength and weaknesse- of 
practices developed by the project need to be 
tested by directly involving scientists in real 
farm situations, through operational research, 
and by other-means. 
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The Drought-prone Areas of Maharashtra
 
A. B. Joshi, N. D. Patil, and N. K. Umrani* 

Abstract 

Maharashtra is the third largest state in India; of its cultivated acreage, one-third is 
proverbially drought-prone. The topography is undulating; the soils prone to erosion; 
the rainfall, ranging from 500 to 750 mm, is highlyvariable. About 30% of the soils are 
shallow to medium-deep. The Agricultural Research Station at Sholapur, established in 
1933, has done considerable research on "dry-farming," the results ofwhich are ready 
for transfer. However, the salvation for rainfed agriculture cannot come from technology 
alone; a concerted multidisciplinary, multiple-agency effort is necessary. This effort 
must be on the basis of integrated development of entire watersheds rather than on an 
individual farmer basis. 

Geographically, Maharashtra is the third largest 
state in India; of the cultivated area in the 
state, one-third, covering 87 talukas or tehsils, 
is proverbially drought-prone and famine-
haunted. This region receives scanty rainfall 
(500 to 750 mm annually) that is highly unpre-
dictable and extremely variable both in timing 
and quantum. Most of the region has un-
dulating topography, rendering the soil-
predominantly Vertisols - moderately to 
highly erodible. The hills are severely denuded 
of vegetational cover, which greatly accelerates 
soil erosion. About 25 to 30% of the cultivated 
acreage comprises skeletal to shallow and 
medium-deep soils; these are generally left 
fallow, without any crop cover, during the rainy 
kharif season, thereby adding to the soil 
erosion. Rabi (postrainy season) farming is the 
predominant cropping system. 

The farming community is largely illiterate, 
ekes out a miserable living from severely risk-
prone farming and is predominantly under 
the so-called "poverty line." Consequently, the 
farmers are highly tradition-bound, not easily 
amenable to suggestions for changes in their 
farming methods, and are resigned to fate. 

Vice Chancellor, Mahatma Phule Agricultural Uni
versity; Chief Scientist, All India Coordinated Dry-
land Research Proje.t; and Agronomist, Mahatma 
Phule Agricultural University. 

Early Research on Dry-farming 

Maharashtra (which was then known as the 
Bombay Presidency and comprised Sind, 
Gujarat, the present western Maharashtra, 
Khandesh, and northern Karnataka) was the 
earliest among the states in India to establish a 
research center for dryland farming. The first 
one was set up in 1923 at Manjri, near Pune. 
Later, in 1933, it was transferred to Sholapur, 
which lies in the heart of the drought-stricken 
region. Sholapur was among the earliest chain 
of dry-farming research stations1 established in 
the country with financial assistance from the 
Indian (then Imperial) Council of Agricultural 
Research (ICAR). Sholapur is thus apioneer and 
leading dry-farming research center of India. 

Through the research endeavor spread over 
two decades or more, the well-known Bombay 
Dry Farming Method was developed at 
Sholapur, naturally in the context of the scien
tific background obtaining at that time. Broadly, 
the technology had two major facets: one, soil 
and water conservation by mechanical 
methods -such as contour-bunding, land
scooping, deep plowing once in 3 years, and 
manuring with organic manures - the other, 
improved crop production practices, such as 

1.The others were Rohtak, located in what is now the 
state of Haryana, and Bellary and Hagari, both now 
in Karnataka. 
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wider row spacing (45 cm) for rabi sorghum, 
limited plant density per unit area of land, and 
interculturing two or three times during the 
crop season. Based on these researches, the 
state government undertook an extensive soil 
and water conservation program, which in-
cluded contour-bunding, in about 12 districts; 
this program has served all over India as a 
useful model. 

All India Coordinated Research 
Project for Dryland Agriculture 

During the late 1960s and the 1970s the scope 

of dry-farming research at Sholapur (and also 

at 	the ancillary stations at Mohol, Jeur, andand 
brodend toincudeChas wa conideablChas) was considerably broadened to include 

soil and climatological studies, selection of a 
new crop varieties,wider range of crops and 

development of suitable agronomic practices, 

and development of tools specially suited to 

rainfed farming. Valuable and utilizable results 
have emerged from these researches. Since 

1970, the Sholapur station of the Mahatma 

as an
Phule Agricultural University functions 

important link in, and an integral part of, the All 

India Coordinated Research Project for Dryland 
since theAgrizulture sponsored by the ICAR; 


inception of ICRISAT at Hyderabad in 1972, it 


also enjoys close and fruitful cooperation with
 

that institution of international repute. A techni-

cal bulletin, describing the results obandpersonalcalbuletndecriin te rsutsobtained 

from recent research on dry farming at 

Sholapur, has been prepared and will be pub-

lished shortly. 

Problems Facing Rainfed 
Farming 

During the mid-1960s, India witnessed the 
historic "green revolution." The "miracle" 
varieties of wheat, and later of ice, vere har-
bingers of that revolution. The areas in which it 
took place enjoyed the advantages of irrigation 
and assured rainfall, and the process was 
spearheaded mostly by resourceful, relatively 
well-to-do, "progressive" farmers. Transfer of 
the new technology from the experiment 
stations to the farmers' fields was remarkably 
rapid. The result was that India, which had eked 
out a precarious existence on the food front for 
about 18 years - since Independence in 
1947-and which had annually imported 

fcodgrains ranging from 2 to 14 million tonnes 
during that period, built up within a matter of 6 
years (by 1971) a gratifying national food grain 
reserve of around 11 million tonnes. 

By contrast, dry-farming research technology 
is, by its very nature, painfully slow in its travel 
irom the lab to the land, especially when rainfed 
agriculture has to be carried out, as in 
Maharashtra, under undulating topography 
and under drastically varying conditions of 
rainfall. The many problems (and some 
suggested solutions) include: 

1. In centrist to irrigated agriculture, the 
research technology of rainfed agricul
re desnotoprod immed and 

dramatic results on the farmers' fields.2. 	Rainfall and other weather conditions, 
he r conand oer 

Establishsiderably from year to year. 
ment of lonfidence in the new technol

ogy and its acceptance by dryland far
mers therefore takes time. Research scientists and extension agents must there
fore be constantly in touch with their 

erfarer cie nto n o f y 
3. 	 rTe r esch a nue rof any 

farmer link must be established on an 
hi m s beendurin ba s is 

developed for sustained and efficient in

formation exchange. Experiences must 
be exchanged frequently and onabasis. From this standpoint, the 
prsent etsio sstnds te 

strengthened in terms of numbers o 

scientists.and extension workers and also 

of the diversity oftechnical specialization 
needed. Linkages between the research 
system and the technology delivery sys
tem must be made far closer and stronger 
than they are at present; that is, agricul
tural universities and extension agencies 
must work together in close harmony. 

4. 	The extension agent, as well as the 
farmer, needs to be trained and retrained 
systematically and frequently. The re
search scientist also learns a great deal 
during this training process. 

5. The training of both the extension ageni 
and the farmer must take place on the 
farmers' fields. Experiment stations car 
only b-iused as centers of exposure to the 
new tehnology, research being oriented 
and reoriented to meet actual farming 
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situations, which are locale-specific, and 
in recognition of the success or failure of 
the new technology out on farmers' 
fields. It must be remembered that re-
search centers generate technology in an 
ethos quite different from that obtaining 
on farmers' fields, because human, 
socioeconomic, financial, administrative, 
and legal considerations wcigh heavily 
on the farmer in his day-to-day life and 
occupation. 

6. 	 Soil and water conservation and man-
agement are extremely critical factors in 
dry farming. For reaping even reasonable 
harvests, these two resources must be 
managed very efficiently. Field demon-
strations are necessary as a first step to 
catch the farmers' imagination and gain 
their confidence. But it must be pointed 
out here that the process of research 
technologytransfer takes us intoavenues 
other than, and in fact far beyond, the 
farmer's field. 

7. Apart from timely, on-the-spot technical 
advice, thedryland farmer nust be given, 
more or less at his doorstep, the crucially 
needed physical and financial wherewit-
hal. Some or all of these may not be 
available to him at all, or may be available 
only partially. Tools, implements, water-
storage structures (percolation tanks, 
dug wells, farm ponds), and animal or 
mechanical power are his primary needs 
for soil and water conservation and man-
agement; these must be followed by 
other inputs such as improved seeds, 
fertilizers, and pesticides. If he does not, 
as many poor farmers do not, own these 
essential physical prerequisites, he 
should be able to rent them in his village 
at the right time. Alternatively, some 
form of cooperative and collective sys-
tern would have to be designed, or-
ganized, and put into practice in the 
village. This means the rural society and 
the government must both make a con-
certed and cooperative effort to evolve a 
benevolent, yet economically viable, so-
cial organizational system. 

8. 	 Financial assistance is, patently, even 
more crucial. Most of the farmers in the 
region are illiterate and ill-fed and they 
live below the "poverty line." Farming is 

terribly risk-prone and harvests highly 
variable from year to year. Hence, major 
policy decisions must be taken by gov
ernments and financial institutions with 
regard to the organization and operation 
of credit supply. The terms of credit may 
even need complete overhaul - i.e., low 
interest rates, longer duration of loan 
repayment on the basis of actual annual 
harvests, and slackening of conditions for 
credit-worthiness. This means 4he setting 
up of a rural financial security system 
geared to farmers' needs, yet operating 
within the framework of economic 
viability. 

9. 	Where dryland farming is practiced as in 
Maharashtra - not on flat or more or 
less even land, but on undulating 
topography - it is beyond the ken of the 
individual farmer to do all that Is needed 
for soil and water conservation even on 
his own plot of land. Public agencies 
must step in here. Soil and water conser
vation measures must be taken on the 
basis of an entire watershed. The soil 
survey and land-use planning and advis
ory agency must take detailed topog
raphic and soil surveys and analyses and 
execute the soil conservation works. The 
groundwater survey and development 
agency must make geological, geohyd
rological, and geophysical surveys of the 
entire watershed. Based on these, ap
propriate sites for percolation tanks and 
dug wells must be located in relation to 
the natural aquifers, before such tanks 
and wells are actually dug. Such surveys 
should also be used for predictably quan
tifying the availability of water at the 
v.rious levels on the waters;ed and the 
scope for recharging existing and new 
dug wells. 

Very importantly, then, the rural com
munity, the people's institutions, and the 
local administrative machinery must pull 
together and identify and execute mea
sures for people's participation - this 
program, taking into consideration the 
human, social, technical, legal, and ad
ministrptive aspects of the problem.Zilla 
parixhads and taluka panchayats can, 
and should, give the lead. Water is a very 
precious resource, but it must also be 



recognized that if its conservation and 
utilization are not done wisely - on a 
physico-geographical and economic 
rationale and on the basis of social dis-

"tributive justice -the same water can 
become a source of the worst of rural 
feuds. Finally, as major, medium, and 
minor irrigation projects are executed by 
governments from public funds, so 
should soil and water conservation and 
management projects be taken up, 
watershed by watershed, and executed 
from public funds. 

The food the farmer produces on his 
land in 1 year, he generally uses for 2 
years. In this sense, increasing crop pro-
ductivity on such lands not only raises 
farmers' incomes but, more importantly, 
acts as an insurance against recurring 
famines. When famine strikes, the gov-
ernment spends millions of rupees in a 
single year. Such massive financial ex-
penditure could be significantly reduced, 
perhaps even eliminated, if a sustained 
endeavor is made, over the years, in the 
drought-prone areas on the lines indi-
cated above, 

10. 	 The continual pressure of human pop, 
lation makes the land: man ratio precari-
ousinlndia, asin many other countries of 
southern and southeastern Asia. The re-
suit is that rainfed farming is practiced 
even on skeletal and shallow soils and on 
slopes of land on which farming should 
indeed be forbidden. Land use on water-
sheds receiving scant- rainfall must 
therefore be diversified to include: 
" 	Pasture-sheep farming 
" Agro-forestry for fuel, fodder, and 

other economic uses (for instance, the 
growing of ieem; karanj; acacia or 
babul; Casuarina; Ipilipilor koo babul; 
mesquite or vilayati babul; ficuses 
such as banyan, pipal, pimparni; the 
fodder-yielding anjan tree, Hardwickia 
binata, etc.) 

" 	 Dryland horticulture (jujubes or ber, 
cusiard apple, tamarind, jarabool or 
jamun, jackfruit). 

" 	 Cultivation of sisal, agave, and other 
economically ussful xerophytic 
species. 
Such diversified use would perhaps be 

more worthwhile and economic on these 
lands than even foodgrain farming. 

Among oil-yielding cash crops, castor 
and sunflower would bethe most promis
ing. At Sholapur, intercropping of pas
ture grasses with pearl millet (bajra) has 
also been tried with a reasonable degree 
of success. Thus, every bit of land and 
every drop of rainwater received rn the 
watersheds must be utilized in the best 
and most economical manner. Such 
judicious land utilization would also 
stave off soil erosion, apart from yielding 
a wide array of economic plant wealth. 
The vast expanses of barren lands and 
denuded hills painfully visible all over 
drought-prone Maharashtra today could 
really be transformed, in the not-too
distant future, into a pleasing green man
tie valuable to humans and animals alike. 
The crucial concept in rainfed farming, 
we must appreciate, is not just of increas
ing food production, but really one of 
increasing the incomes of the farmers in 
more than one way. 

11. 	 While food is the most basic need of man, 
an equally important problem at the rural 
level is that of fuel with which to cook the 
food. For his daily fuel, man has foolishly 
and mercilessly cut down trees and 
bushes and every kind of vegetation over 
the last several decades, without caring 
about the soil erosion which such denu
dation engenders. Systematic afforesta
tion of watersheds is therefore essential, 
not only for soil and moisture conser
vation and control of erosion, but because 
trees are also important sources of fuel 
and timber. However, trees take time to 
grow whereas rural energy needs for 
domestic cooking and lighting are every
day needs. In this context, a concerted 
biogas campaign for full utilization of 
animal d.ng and human night soil at the 
rural level becomes most crucial. It is 
important to remember that this is ever
renewable and the cheapest source of 
energy; as long as man and beast exist, 
we should never be short of this source of 
energy. Besides supplying combustible 
gas, biogas plants, equally importantly, 
yield organic manure, which has a valu
able role to play in farming in general and 
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in rainfed farming in particular. The 
biogas movement is therefore essential if 
deforestation leading to desertification is 
to be prevented. 

12. 	 If rainfed farming and the lifestyle of the 
dryland farmer are to be transformed, 
diversified and judicious use of land and 
rainwater on a watershed basis is ines-
capably necessary and diverse agencies, 
in addition to those directly and im-
mediately concerned with research 
technology generation and its transfer, 
must be brought in to play their re-
spective roles, fully and in unison. These 
include agricultural universities as 
generators of research information, the 
state departments of agriculture, animal 
husbandry, and forestry as vehicles of 
technical development;.government and 
banks as policy-makers, planners, and 
suppliers of finance; state administrative 
machinery as the controlling and regulat-
ing authority; benevolent public and pri-
vate agencies and individuals; people's 
institutions such as thezillaparishads and 
the taluka and the gram panchayats, and, 
above all, the farmers themselves. All of 
these must come together to think, plan, 
and act to accomplish this complex task. 

Compared with the magnitude and the 
wide range of the task, the present 
technology-delivery system is quite slen-
der, weak, and utterly uncoordinated. The 
trouble is that numerous departments are 
operating, more or less in isolation from 
one another, on such programs as 
Drought-Prone Areas Program (DPAP), 
Intensive Cattle Development Program 
(ICDP), Vanamahotsav (tree-planting 
program), small farmers' development 
programs, landless laborers programs 
and what not - all in bits and pieces. 

The Government of Maharashtra has 
pioneered unique ideas and bold 
programs of rural and agricultural de-
velopment, such as the Employment 
Guarantee Scheme (EGS) and Command 
Area Development Authority (CADA) for 
every irrigation command area in the 
:"*:!q.. which governments elsewhere can 
well emulate. It should not be difficult 
indeed it should be a high-priority 
matter - for the Government of 

Maharashtra, or for an,i government 
anywhere, to launch composite, multidis
ciplinary, multiple-agency, well-co
ordinated integrated watershed develop
ment projects on the lines indicated above, 
without which dryland farming cannot 
be lifted out of its present bleakness. 

A time-bound, district-by-district prog
ram has to be taken up systematically. 
Such integrated endeavor will im
mediately generate large-scale rural 
employment sustained over a consid
erable period of time, as these programs 
are made operational, watershed by 
watershed, all over the state. It will indeed 
radically transform rainfed agriculture 
and significantly increase crop and ani
mal (sheep, goat, cow, buffalo) pro
duction, thereby increasing meat and 
milk production on lands that today are 
hopelessly unproductive. It will stave off 
famines, and it will generate newer av
enues and opportu,,ities for rural 
employment and thereby stem the colos
sal tide of rural-urban migration of human 
population. 

Conclusio, 

It will perhaps be argued that we have taken up 
a much-too-large canvas and have attempted to 
paint a rather complex picture in trying to deal 
with the problems of rainfed farming techno
logy and its transfer. We may even appear 
Utopian. We do concede that first things must 
come first and also that the "better" should not 
be allowed to become the enemy of the "good." 
ICRISAT, Sholapur, and many research insti
tutions in India and abroad have already de
veloped useful dryland farming tecinology that 
can and must be taken up straightaway for its 
transfer to rainfed lands. No one can deny that 
the development of appropriate research 
technology and its urgent transfer to farmers, 
who are waiting for it around the corner, consti
tute the kingpin of this task. Nevertheless, we 
must make bold to emphasize that transfor
mation of dryland agriculture is a complex and 
multi-faceted affair; full and substantial success 
cannot come from technology alone, but only 
through the adoption of a multidisciplinary, 
multiple-agency, and well-orchestrated strategy 
such as we have ventured to outline here. 
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Experience from Nigeria 
M. B. Ajakaiye* 

Abstract 

Agricultural technology, to be practicable and acceptable, must take Into account the 
socioeconomic factors influencing its users. The Nigerian program, based on this 
premise, attempts to solve the SAT farmer's problems by developing short-season 
varieties to fit the growing season; devising simple tools to reduce farm drudgery; 
controlling pestsand diseases through preventive measures; andascertaining that new 
farm practices, developed will be both acceptable and profitable to the farmer. The 
Agricultural Extension and .esearch Linison Service (AERLS) plays a key role In linking 
research and its ultimate user, the farmer. 

The development and transfer of technology 
in agriculture must take into account the 
socioeconomic factors influencing users of the 
technology. 

This is particularly so with the farmer in the 
semi-arid tropical zones operating under 
rainfed conditions, because of his environment, 
especially the short duration of the rainy 
.eason. 

The transfer of the technology developed 
must also take cognizance of the social and 
economic status of the farmers if the package of 
practices developed is to be practicable and 
acceptable. 

The semi-arid tropics are already well 
defined. In Nigeria, the Sahel and Sudan 
savanna zones fall into the semi-arid tropical 
region. 

Development of Agricultural 
Technology 

The general considerations for the develop-
ment of technology here include: 

1. The level of management skill of the 
farm er. Practices are developed at 
different levels - advanced, inter-
mediate, and low - so that each farmer can 
benefit at the level on which he operates. 

2. 	Habit or tradition, which determines what 

• Acting Director, AERLS, Ahmadu Bello University, 
Zarla, Nigeria. 

Previou 


farmers prefer. For example, maize is a 
higher yielder than sorghum in the 
savanna zones of Nigeria, but because 
farmers traditionally have been used to 
sorghum, maize is not a priority in the 
cropping system. 

3. 	 Pest and disease resistance. Breeding for 
resistance to pests and diseases is a main 
thrust of the crop-protection program. 

4. 	Labor-saving devices. These must be 
simple enough to be within the reach of 
the farmer. 

These semi-arid zones are connected with the 
northern part of Nigeria and are characterized 
by: 

0 short-duration rainyseason of3monthsor 
less, 

0 long dry season, 
* 	 sparse vegetation, 
* 	 mainly sandy soils, susceptible to wind 

erosion, and 
* 	soils with low organic matter aid low 

phosphorus content. 
Farmers in the Nigerian semi-arid zones are 

peasant farmers cultivating on the average 
about 1 ha each. They practice mixed cropping, 
which is the popular system, growing as their 
main crops millet, sorghum, groundnut, and 
vegetables of all sorts. Labor is expensive at 
peak seasons of planting, weeding, and harvest
ing, and the farmers lack suitable ma
chinery-simple devices or hand tools
to reduce the drudgery of farm operations. 

The above problems are taken into consider
ation in the development of agricultural techno
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logy for the Nigerian farmer of the semi-arid 
zones. For example: 

1. Short-duration rainy season. Efforts are 
directed to developing short-season var-
ieties of sorghum and groundnut to pro-
duce a good crop in the short season. We 
have learned our lessons from the 
droughts of 1973-74 followed by the 
rosette epidemic of 1975, which wiped out 
our groundnut crop, and we are working 
hard on meeting future drought hazards. 

2. Profitability and social habits. The agricul-
tural economics section looks at the 
socioeconomic aspects of farm practices 
developed. This is to ascertain that they 
are practical, acceptable, and profitable to 
the farmer. For example, we have found 
that the maize/cowpea combination gives 
a greater gross return per unit area than 
each grown as a sole crop. As most 
farmers practice mixed cropping, thereisa 
fsrming systems research program that 
looks at the different practices of the far-
mers and tries to evolve definite cropping 
patterns of crop combinations. The most 
common crop combinations farmers use 
are millet/sorghum, groundnut/sorghum, 
groundnut/maize, and maize/cowpea, but 
there are numerous others. 

3. 	 Mechanical devices. The agricultural en-
gineering section tries to design simple 
tools - for example, hand maize-shellers, 
groundnut decorticators, and grain 
p!anters. Prototypes are produced and it is 
hoped that some commercial concerns 
will be interested in producing them on a 
large scale. Also, the Institute for Agricul-
tural Research, Samaru, has decided to set 
up a small-implements production unit. 
This will develop and produce our pro-
totypes for distribution initially to stimu-
late interest in them and subsequently to 
popularize the implements and devices. 
Animal-drawm implements have been de-
veloped and been in use for a long time in 
ridging, weeding, and even in groundnut 
harvesting. These are mainly ox-drawn, 
but investigations into the use of donkey 
power have been recently started. 

4. 	 Microclimate and physiology. The 
physiological aspects of mixed cropping 
have been looked into; nutrient utilization 
and solar energy distribution and ab-

sorption in the canopy are studied with a 
view to modifying populations and plant
ing configurations for best effects. Pest 
incidence in mixed cropping has been 
found to be less than In crops grown sole. 

5. 	 Pest and disease control. Close attention is 
paid to preventive measures, such as seed 
dressing and cultural practices. These in
volve mainly crop hygiene and timeliness 
of operations. However, for farmers who 
can handle and afford chemical control, 
spraying schedules have been developed 
for some crops, sucL as cotton and to
matoes. 

Transfer of Technology 

The 'transfer for agriculturael technology in
volves extension, which may be defined as an 
agency of change that teaches new or ap
propriate technologies so that clients can adopt 
them for their own benefit. This has been the 
responsibility of the states, which have institu
tional arrangements in the form of Field Ser
vices Divisions of the Ministries of Agriculture 
and Natural Resources. These ministries have 
field extension staff who work in the villages; 
through the normal extension methods of de
monstrations, meetings, visits, agricultural 
shows, field days, movies and slides, and, 
recently, the minikit method of demonstration, 
they persuade farmers to use improved prac
tices. The minikit involves the farmer in the 
decision of which variety to use. He grows 
promising varieties developed by research, 
evaluates them, and decides which suits him 
best. 

This method, based on the experience of the 
"green revolution" countries, reduces the time 
lag between the development of a new variety 
and its adoption by the farmer. 

The Case of the AERLS 

In Nigeria, as in most developing countries, the 
flow of information from research direct to 
farmers is not quick and smooth. This is partly 
because of the background of the farmers, who 
are largely illiterate. Also, institutional ar
rangements have not really made it possible for 
research results to get to the extension workers 
and farmers in a form that is readily usable. To 
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solve this problem, in the northern part of 
Nigeria, an organization has been formed to act 
as a link between extension and research: 
Agricultural Exte.nsion and Research Liaison 
Service (AERLS). 

The Research Station in Zaria was established 
about 1920. With the establishment of the 
Ahmadu Bellow University in 1962,theresearch 
station was appropriately transferred to it and 
named the Institute for Agricultural Research. 
By 1960, it was realized that most of the infor-
mation frnm the activities of the station did not 
reach thd farmers -the ultimate users of the 
information -to improve their practices. The 
Extension and Research Liaison Section (ERLS) 
was therefore established in 1963, based in 
SamarubutpartoftheFieldServicesDivisionof 
the Ministry of Agriculture. Its primary function 
was to serve as a link between the research 
institute and the Ministry's extension services. 
Upon the dissolution of the then Northern 
RegionMinistryofAgriculture(asaresultofthe 
creation of states) the ERLS was merged in 1968 
with the Institute for Agricultural Research 
(IAR). 

In 1975, ERLS was separated from IAR and 
made a separate organization, known as the 
Agricultural Extension and Research Liaison 
Service. 

Its functions may be summarized as: 
* 	 Interpreting, publishing, and disseminat-

ing to farmers and extension woikers re-
search results and other appropriate 
information in agriculture and related 
disciplines such as animal husbandry, 
animal health, agricultural economics, 
rural sociology, etc. 

* 	 Providing systematic training for states' 
extension staff, such as regular short in-
service training sessions, specialized short 
courses, or workshops. 

* 	 Identifying problems ;n the field that need 
research and communicating these to the 
appropriate research institutions, so that 
research projects initiated are relevant to 
farmers' problems. 

" 	Assisting in the organization of state ex
tension demonstration units and organi
zation of agricultural shows. 

• 	 Providing advisory and consultancy 
services, e.g., disease control programs, 
poultry management, etc. 

" Conducting urgently needed applied re

search or surveys, especially where the 
research institutes lack the staff to under
take them or where attention needs to be 
focused on developing problems likely to 
become economically significant in time. 

e 	 Organizing seminars and conferences. 
The AERLS has tbVo main sections -the 

subject matter specialists section and the au
diovisual unit. 

Staff of the subject matter specialists section 
are trained in specific agricultural/livestock 
disciplines - e.g., poultry science, agronomy, 
veterinary medicine, agricultural engineering, 
etc. -and are responsible for extension work 
in their respective areac. This section puts out 
publications and assists in upgrading technical 
competence of the states by conducting in
service training courses and workshops. 

The audiovisual unit provides backup in the 
transfer of agricultural technology through 
teachirg materials for all grades. The specialists 
in this unit are trained in communication 
techniques and agricultural journalism. They 
produce slides and films and organize radio and 
television programs. AERLS has encouraged
the states to carry out vigorous extension 
programs in order to realize our national goals. 

Posters and leaflets are produced in large 
numbers of about 90000 in each of nine 
selected local lannuages for use of farmers and 
extension workers. 

Other publications -guides and bulle
tins-p-.e produced to inform and educate 
extension workers and serve as a basis for their 
extension educational programs. 

Some problems facing transfer of technology 
or extension include gross inadequacy of ex
tension staff; inadequate training or skill of 
most of the extension staff in direct contact 
with farmers; poor working conditions of exten
sion workers; bad attitude by some extension 
workers toward their work; and illiteracy and 
general povery of farmers, which render them 
incapable of procuring the necessary inputs for 
increased agricultural production. 
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Reflections on the Transfer of Technology
 

Joseph Kabore* 

Abstract 

A code or framework for the transer of technology should be developed to strengthen 
the capacity of developing countries for organizing and receiving new techniques and 
improving access to technology at prices that can be borne by all. Establishment and 
development of facilities for technical and in-service training in the countries themselves 
are prerequisites for an efficient and durable transfer of technology. New techniques 
must be assimilated, modified, and adapted to conditions peculiar to each country.
Agricultural research carried out in developed countries such as the USA or in Europe 
involves means ofproduction having nothing in common with those of the small farmer 
of Upper Volta. Scientists are needed who can assimilate the people's everyday 
problems and work out a realistic research program that will raise the technological level 
of the farmer. 

The enormous gap between the "developed" 
countries and the so-called "developing" 
countries - particularly those of Africa, includ-
ing Upper Volta - compels the latter to rely 
heavily on the technology or know-how of the 
former. This is not without critical problems, the 
most serious being the dependence and heavy 
expenditure forced on the still fragile 
economies of the developing countries. There-
fore, a suitable framework must be found for 
controlling the transfer of technology, 

In this matter we largely subscribe to the 
proposals made iy the UNCTAD Group of 77 at 
the 1975 and 1976 meetings in Nairobi. 

Technology is part of the universal heritage of 
mankind and ail countries have a right to it, at 
least to alleviate if not to eliminate the intolera
ble eccnomic inequalities within the new inter-
national economy. 

A "code for * :.j transfer of technology" 
should be developed with these main objec-
tives: 

* 	 To strengthen the capacity of developing 
countries for organizing and receiving new 
techniques; 

* Director, Services Agricoles, Upper Volta. 

NOTE: 	 This paper isan edited translation ofthe original 
French text, which appears inAppendix 1. 

e 	 To improve access to technology and to 
have reasonable costs and prices that can 
be borne by all; 

e 	 To promote unspecified transactions with 
regard to choice of different elements of 
technology, estimation of costs, organiz
ation, and institutional facilities and chan
nels. 

This code will apply to all types of technology 
and will guarantee profitable transactions to the 
developing countries without perpetually "en
slaving" them. 

Transfer of Technology 

Training 

Transfer of technology implies the presence of 
adequate and suitably qualified personnel in all 
sectors ofthe economy. They should be capable 
of assimilating simple to complex technologies 
and techniques so that the so-called developing 
countries get the greatest benefit from im
ported technologies. 

This also implies that all persons, to the 

lowest level, involved in building the economy 
should be trained so that each person is able to 
carry out the necessary te, hnical work. 

This training, which we believe should in
clude both adults and children-the architects 
of today and those of tomorrow-should 
above all be conducted in the developing 
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countries. However, some further training and 
reorientation in developed countries is essen-
tial for completing the know-how. 

Training Children 

A child is the future architect of the economy. 
Opening his mind to scientific knowledge from 
an early age will more easily make of him a 
high-level confirmed technician. Suitable 
facilities should be planned and established for 
opening the child's mind at this age. 

Practical Training for the Working Masses 

In order to be more efficient, the farmer, the 
agricultural worker, needs a minimum amount 
of training, further training, and reorientation; 
all the measures likely to improve practical 
training of the worker should be encouraged. A 
bad farmer is of no benefit to the economy. 
Agricultural fairs, demonstrations, and shows, 
courses for further training of farmers, etc., are 
some of the means for improving their technical 
ability and making them more efficient. 

Structures for Technical 
and In-service Tsaining 

The establishment and development of 
facilities for technical and in-service training in 
developing countries are prerequisites for an 
efficient and durable transfer of technology, 

Technology should be transferred through 
competent persons who have not only assimi-
lated but can modify and adapt the new tech-
niques to conditions peculiar to their country. 
There should be a sufficient number of such 
authorized individuals in all sectors of the 
economy. If an expert needs to be brought in, 
this should be temporary and only for the time 
required to train the local people. The expert 
should play the role of a technical consultant till 
the national technicians acquire minimum ex-
perience. 

If technical and in-service training facilities 
are required to provide the economy with 
senior personnel, it is the same for the medium 
and lower cateqories, as these are indis-
pensable links in any economy. 

rhus, we believe that in any sector - such as 
agriculture, industry, and commerce - suitable 
training facilities are of primary importance, 

and these facilities cannot be established with
out technical and financial support from the 
developed rountries. 

Further Training and Reorientation Abroad 

In most sectors of the economy, scientific de
velopment has raised the level of technologyso 
that the developing countries cannot afford the 
luxury of having very specialized training in
stitutions in all the sectors. Consequently, they 
have to arrange with the developed countries 
for further training and reorientation of their 
technicians in some of the very specialized 
areas. This collaboration is essential for an 
efficient transfer of certain technologies and 
should be taken into serious consideration. 

Scientific and Technical Research 

Situations and conditions often exist that are 
peculiar to developing countries regardless of 
the sector of the economy - agriculture, ag
roindustry, or industry. Scientific and technical 
research will enable these countries to find 
solutions to their specific problems. Therefore, 
training of scientists is another problem which 
greatly preoccupies the developing countries. 

We believe that the developing countries 
should be able to increasingly provide training 
in their own country to scientists who have 
assimilated the problems to be solved, andthen 
establish the moans for finding the solutions. 
For example: 

Agricultural research as it is carried out in the 
developed countries (Europe, USA) aims to 
solve problems of farmers or agricultural un
dertakings. The solutions are intended for edu
cated and literate farmers, often at engineer 
level as in the USA, with the means of pro
duction having nothing in common with those 
of the small farmer in Upper Volta for manually 
cultivating an average of 5 ha of land. Financial 
and material means are not limiting factors to 
the large farmers, whereas in the developing 
countries they are the main limiting factors. 
Therefore, agricultural research will not have 
the same concerns and objectives. In the de
veloped countries, only the identification of 
techniques - even sophisticated ones - and 
varieties is required; these countries do not lack 
the financial means and all the farmers have the 
required training. 
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In developing countries like Upper Volta, the 
farmer's level must be taken into account; hi is 
often tied to ancestral customs, illiterata, n"or 
very open to new ideas, with poor mpsi, and 
no access to the almx;t nonexistent loans for 
agriculture. It will be difficult to make him leap 
from the Middle Agcr to the twentieth century. 

Although he does not have the necessary 
means or facilities, there are more chances of 
success ifwe seek to improve his technological 
level in stages. For this purpose, scientists are 
needed who are able to assimilate the problems 
that the people of Upper Volta face every day, in 
order to produce a research program that 
"sticks" to reality. This research will be more 
effective than that giving good results but which 
cannot be applied due to lack of technical 
capcity and means. 

Transfer of Patents
 
and Techniques
 

Patents, know-how, and manufacturing proces
ses form the greatest wealth of the developed 
countries, and these belong to them 90%. Their 
transfer is subject to complicated and onerous 
laws. One of the first measures to be taken is to 
partially raise the exclusive rights to property 
and to decrease the cost of use. The second is 
the possibil;ty for adaptation, but strictly for 
internal use. The third is the promotion in 
developed and developing countries of approp
riate technology that is to be made available to 
developing countries. 

Each case raises the question of the type of 
technology to be transferred for particular cases 
and the context. 

In the developing countries, while 
eighteenth century technolog, is not adequate 
in some sectors, it is not possible to optimize 
twentieth century technology in other seciors. 
We believe that for advanced technology requir
ing abilities that are not yet available in the 
developing countries, caution is indispensable 
and regional integration is desirable. 

For the other types of technology, preference 
will be given to that enabling maximum use of 
local human and physicd resources; indus
trialization which will help to raise the standard 
of living of most of the people and is or will be 
completely controlled by national staff before 
long. 

Training should be pl ovided for large num
bers of technicians and engineers who will 
gradualiy ch--ngp ihe technology since experi
ence shows that, whenever possible, people 
prefer product- of very advanced technologies. 
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The Senegalese Experience
 

Djibril Sene*
 

Abstract 

For many years now,Senegal has hada well-established agriculturalresearch infrastruc
ture as well as a large number of trainedscientists. However, the Senegalese farmer has 
not profited much from the research findings, and the difficulty ofpassing them on to the 
farmer has been one of the mqjorconstraints to rural change. Agricultural research has 
two main defects: first, it is highlyintellectual and not pragmatic enough; second,much 
of it is developed without sufficient understanding of the rural world. The creation of the 
multidisciplinary Regional Experimental Units (REUs) has been a decisive element of 
progress in research, but the REL's have been less successful in helping extension 
agencies. The objective ofresearch in Senegalshouldbe to develop innovations that will 
be acceptable to farmers and to facilitate the adoption of these innovations as part of the 
national agriculturalpolicy. 

Let me begin by congratulating ICRISAT, whose 
work 	 is directed toward the development of 
progressive technologies for agriculture, for 
having organized a symposium that is not 
confined to the sole aspect of developing its 
own technlog:s, s, but also deals with the prob-
lem of transferring technology developed 
through research to the rural world. 

Senegal has had an important agricultural
research infrastructure for many years now, as 
well as a large number of scientists, especially 
when compared witi the situation existing in 
other countries of the Sahelian zone. 

This is due to the fact that at independence, 
Senegal was fortunate in inheriting a large 
system of agricultural, zootechnical, and veteri-
nary research formerly established by France to 
meet the needs not only of Senegal, but of the 
entire western part of the African semi-arid 
tropics north of the Equator: from the Cape 
Verde peninsula in the west to Niger in the east. 
This is how the Senegalese Agricultural Re-
search Center at Bambey, established more 
than 50 years ago, served for many years -

Minister for Rural Development, Senegal. 

NOTE: 	 This paper isan edited translation of the original 
French text, which appears in Appendix 1. 

until 	 the Francophone West African States 
obtained their independence -as th6 Federal 
Agricultural Research Center for the entire 
Sahelian and Sudanian part of West Africa 
formerly under French rule. 

Even 	 though valuable achievements have 
been 	made in icience and technology by ag
i icultural research in Senegal, it is nonetheless 
true that as far as the Senegalese farmer is 
concerned, his world has evolved only very 
slowly - too slowly in the opinion of the coun
try's leaders - if the farmer's income over the 
last few decades is used as a criterion. 

Experience shows us more and more each 
daythatoneofthemajorconstraintstochanges 
in the rural areas arises from the inability to 
pass on most of the research findings to the 
farmer. 

Does this mean that the message or mes
sages sent by research to the rural world are 
mainly defective and unacceptable to the far
mars, and if so, why? 

Or does this mean that the normal extension 
services responsible for conveying the mes
sage and introducing it into the farmers' world 
have not, until today, known how to play the 
role entrusted to them, and in this case, why?

These questions must be answered and it is 
for this purpose that a few months ago in 
Senegal, we started reexamining the relation
ship between research and development and 
the operation of the rural extension agencies. 
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I shall confine myself to sharing with you here 

a few of my own thoughts about the messages 
that agricultural research is currently delivering 
to the farmers of Senegal, deliberately setting 

aside the second aspect of the situation- the 
operation of the rural extension agencies. 

My thoughts focus on two points: 
* 	 First, how reseerch has formulated its 

messages to the farmers. 
* 	 Second, how these messages have been 

conveyed from the laboratory or field at the 
research center to farmers' fields. 

The Formulation ofthe Message 

by Research 

Having been involved in research for a long 

time and now having the responsibility for 

overall rural development, it seems to metoday 

that the agricultural research in Senegal has 

two defects which, moreover, we shall try to 

correct. This is true even though it is a serious 

research effort, carried out by scientists - both 

national and international  who for the most 

part are very competent, each in his own field of 

specialization, 
First, it seems to me that this research is often 

too intellectualized, too sophisticated, might I 

say, and not prag matic enough. This often gives 

the impression that the scientists are inclined to 

do research purely for the pleasure of doing 

research rather than to help satisfy the most 

urgent needs of the rural world. Perhaps this i.; 

actually because these scientists are more con-

cerned about a distant future than the im-

mediate future. 
Second, it seems to mp, moreover, that until 

today many of these scientists have either not 

known how to, or have not wanted to, 

adequately understand the rural world while 

developing their research programs. 
Itappearsto methat for both these defects, it 

is 	a question of outlook related mainly to the 

type of training that is given these scientists: 

" 	 A training that is too university-oriented, 
so that scientists prefer to acquire higher 

degrees or to publish reports and scientific 

papers on theory rather than meet the 
most urgent practical needs of our agricu!-

ture. 
" A training in a school of thought that, I feel, 

is more suited to the industrialized nations 

than to the developing countries; with the 

idea that it is up to research and research 
alone to decide the path of rural progress; 
hence, to determine the content of the 

message that the extension agencies will 
then be responsible for disseminating in 
rural areas. And that it is ultimately up to 
the government and rural extension agen

ciesto bring about the social and economic 
conditions where the innovations recom

mended by research are accepted, regard
!ess of their nature or cost. 

I admit that, strictly speaking, such an ap

proach could be followed for the remote future. 
I cannot, on the other hand, subscribe to it for 

the short and middle term. That would only 

widen the gap that we are forced to witness at 

present in Senegal between the research de

partments and the rural extension agencies. 

These agencies are already overinclined to 

undertake studies or trials that do not concern 

them, under thc pretext that they wili provide 

answers to problems that research either d~d 

not want to, or did not know how to, conisider up 

till now 
It seems to n e that the technical innovatiors 

proposed by rcsea rch for the -hort and medium 

term should betruly suited to toe changing rural 

scene as predicted foi this period in terms of 

psychological, sociological (type of far-n, family 

structure, etc.), and economic (credit, market

ing, cooperatives, etc.) aspects ac-ording tothe 

government policies in this respect. 

It must not be forgotten that it will undoub

tedly be very difficult for the present to change 

the outlook of scientists who are already work

ing, though son eeffortto change can be seen. I 

am, on the other hand, more confident for the 

future, since we decided to establish a national 

institute of rural development responsible for 

training here, in Senegal, all the high-level 

personnel required for administration and in 

rural extension agencies, or for research. This 

does not exclude the possibility of further train

ing abroad for our scientists, but this would only 

be for specialized training. This new training 

system should commence next year. 

Transferring the Message
 
to Farmers' Fields
 

The dialog between research and the rural 
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extension agencies inSenegal over the last few 
months reveals that amajor concern, especially 
of the agencies, is the need for 

* 	 First, findings that can be applied in the 
medium or short term with specifications 
about space (an accurate indication of the 
different areas whe, e these results can be 
applied) and time (variation of these re-
suIts according to the characteristic long-
term conditions of a determined area of 
application and the probability of these 
variations in order to calculate risk), 

* 	 Second, information for evaluating the so-
cial and economic constraints to the adop-
tion of the proposed development 
techniques. 

How has research attempted to respond to 
this dual concern until today, and to what extent 
has it succeeded? 

It must be understood that no matter how the 
message of agricultural research has been con-
ceived thus far, scientists in Senegal have al-
ways been very careful to evaluate the worth in 
time and space of each of the technical findings 
obtained on the research stations; this answers 
the first of the two concerns voiced by the rural 
extension agencies. 

This was initially accomplished by setting up 
a network of multilocational trials covering the 
entire territory o Senegal, and later, by es-
tablishing supplementary structures called the 
PAPEM (benchmark locations for preextension 
work and multilocational trials). Besides being 
part of the regular system of multilocational 
trials, the PAPEM are also able to play a de-
monstrative role for the farmer by setting up 
other trials combining all of the different iiino-
vations that research considers promising for 
the rural areas. 

These experiments do not, however, meet the 
second concern of rural extension agencies 
that they be supplied with information for 
evaluating the social and economic constraints 
to the adoption of the recommeded develop-
ment techniqucs. 

This led, in 1969, to the establishment by 
research of a third type of intermediary 
structure between the central research station 
and the rurdl world -the REU (Regional Ex-
perimental Units,. Much has been written about 
the REUs since they were established, giving 
somewhat ambitious definitions of their role: 

"A unit for prospective research on pro-

duction systems and farm models," according 
to Rene Tourte who was one of those directing 
the planning that led to the creation of the units; 
or 	again, according to the same author, "an 
example of the use by agricultural research of 
the systems approach." 

"A limited socio-geographic entity where the 
results of agricultural research are tested in real 
situations in order to develop and constantly 
perfect technical systems, while also consider
ing the link between the physical and human 
environment and the objectives of the regional 
development plan" (J. Killian). 

"A unit where a controlled developmental 
process is implemented by research and con
cerns a set of socioeconomic conditions viewed 
as a whole" (L. Malassis). 

These definitions give agood idea of the spirit 
in which these units are conceived, so that we 
do not have to dwell any further on this point. I 
shall merely point out that they were conceived 
as a result of a reexamination of the situation 
mainly by general agricultural scientists who 
are, therefore, closer to the realities of the rural 
world than most of the other scientists such as 
specialists in crop improvement, conservation 
and improvement of soil fertility, crop pro
tection, etc., who are more inclined to confine 
themselves to their own area of specialization. 

This reexamination originated from the rela
tive failure of most of the rural development 
projects operated in Senegal since Inde
pendence and the difficulties in disseminating 
some of the recommendations of agricultural 
research, in particular, those that aim at the 
creation of a more favorable physical environ
ment for traditional or new crops; among these 
proposals, deep tillage and burying of organic 
matter should be cited in particular. 

I shall not describe here how these Experi
mental Units operate; I would only like to point 
out that the observations cover the entire en
vironment; all the consequences -- technical, 
economic, and sociological-of the intro
duction of an innovation in this environment are 
studied, anditis, consequently, atrulymultidis
ciplinary approach. 

What can be said about the work of these 
Experimental Units, which have now been in 
existence for 10 years? The answer is not easy, 
because the evaluation differs depending on 
whether it is made from the point of view of 
research or the rural extension agencies. 
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From the standpoint of research, I believe 
keeping in mind the idea I have of the role of 
agricultural research and its operation -that 

the creation of the Experimental Units has been 
a decisive element of progress in the operation 
of agricultural research in Senegal. This is 
because the problems encountered by scien-
tists within these Experimental Unts make 
them increasingly aware that for agri,-ultural 
research to be meaningful in Senegal, it is 
necessary to: 

" Determine the areas and priorities of re-
search from the environmental data; 

" Aim to develop integrated techniques and 
systems that are compatible with existing 
systems before recommending them for 
extension and aim to identify the con-
straints. 

I regret that, in spite of the change in outlook 
that has already begun to follow this line of 
thought among certain scientists, there are still 
too many who continue to conduct their re-
search away from these principles. This is 
particulariy true of breeders, especially those 
involved in improving cross-pollinated plants 
(millet breeders, for example) who, it seems to 
me, are often more concerned with the identifi-
cation of a maximum heterosis in an absolute 
situadon rather than one that is used within a 
cropping pattern and in a rotation. This is also 
true of the technological u!a of harvest pro-
ducts, which imposes different constraints on 
the plant, such as pest and disease resistance, 
crop duration, plant structure, crop manage-
ment, and grain quality, 

From the standpoint of development, the 
Experimental Units have provided the rural 
extension agencies with little informalion up till 
now, apart irom certain technical data (fertilizer 
apolications, sowing dates, spacing of plants, 
maize crop development, animal-powered 
farming, etc.), which really does not require r 
structure like that of the Experimental Units to 
show their advantages and their possibilities. 

It is rather astonishing to discover that, in 
spite of the consideable studies to provi,'e an 
in-depth understanding of the environment in 
which the units op.3rate (studies of land tenure 
and availability, famiiy and seasonal %irming 
operations, work relationships, time of oper
atiols, and setting up farm budgets,, ithe scien
tists have not been able to tell the rural exten
sion agencies how to better organize this 

environment, even after these Experimental 
Units have been operating for 10 years. The 
same problems are found within the Experi
mental Units as outside in terms of credit 
operations and repayment of debts, organiza
tion and management of cooperatives, and use 
of agricultural implements within the traditional 
social units defined by those living in the same 
compound. 

It is just as surprising to note that it was not 
possible to obtain a better dissemination of the 
recommended techniques within these I ,iits, in 
spite of these studies and a far better eaucation 
program for the farmers than that set up by the 
rural extension agencies. Nonetheless, scien
tists consider these techniques essential to 
achieving the crop-intensification policy re
commended by them and considered by all as 
the only possible way for the rural world and 
agriculture in Senegal to actually progress. 

This well shows that the objective of research 
in Senegal should be to develop innovations 
that will first of all he acceptable to farmers 

changing the environment should only be a 
necessary corollary. Research should be aimed 
solely at facilitating the adoption of these inno
vations ar part of the national agricultural 
policy. 

I feel that there is perhaps a lesson to be 
drawn from here for ICRISAT while determining 
its policy for work in Africa. 

I do not think that thi,; Institute can truly 
conduct an effective operation for Africa from 
India, especially for developing cross
pollinated crops. But I could be mistaken. 

Moreover, it seems indispensable to me that 
the work scheduled for Africa should be carried 
out in close collaboration with the different 
national programs of the African countries. 
These programs are, in my opinion, the only 
ones capable of indicating to ICRISAT the direc
tion of its work in Africa if it is to be of real useto 
the African farmer. 
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The Sahelian Region of Africa 
Na||a 0. Kane* 

Abstract 

The Sahel Institute was created in 1977 at the instance of the Permanent Interstate 
Committee for Drought Control (CILSS). Its funtions include collection, analysis, and 
dissemination of scientific and technical research results; adaptation and transfer of 
technology; and training of researchers and technicians. The Institute determines 
technologypackages appropriate to localsocioeconomicconditions and helps plan rural 
radio programs in the national (vern6'cular) languages of the Sahelian countries. On 
farms, "model" farmers demonstrate the effectiveness of new techniques to their 
neighbors. However, this pap=r stresses, the Sahelian farmer should not be regarded
merely as a passive recipient of technology.He has provedhis astonishing adaptability,
and the traditional techniques he himself has evolved -peculiarly suited to local 
conditions -also deserve careful study and dissemination. 

Before dealing with the problem of linkages in 
the Sahelian region I would like, first of all, to 
place it in the framework of the Sahel Institute's 
responsibilities. This institution was actually 
created in December 1977 during the Banjul
meeting of Heads of State. Its creation was 
desired by them since the constitutive summit 
meeting ofthe Permanent Interstate Committee 
for Drought Control (CILSS) held at 
Ouagadougou in September 1973. This agency 
for subregional cooperation, entrusted with 
applied research and coordination of research 
and training activities in the Sahel, was, through 
resolution No. 3253, to call the attention of the 
United Nations General Assembly to the need 
for such an institute, 

This is how, in May-June 1975, a joint 
UNDP-UNEP preparatory mission had to define 
the main orientations of the future Sahel Insti-
tute. These were discussed in Bamako in April 
1976 and resulted in the immediate creation of 
the Sahel Institute in December 1976 at 
N'Djamena. In October 1977, a larger meeting 
on the Sahel Institute was held to study the 

° Director General, Institut du Sahel, Bamako, Mali. 

NOTE: This paper isan edited translation ofthe original 
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Institute's statutes, as well as the initial and 
first-generation programs. The programs an,4 

statutes were adopted at the conference of the 
Heads of State held in Banjul on 19 December 
1977. 

The Institute's functions as adopted at that 
conference include: 

1. Collection, analysis, and dissemination of 
scientific and technical research results. 

2. Transfer and adaption of technology. 
3. 	Coordination of scientific and technical 

research. 
4. 	Training of development researchers and 

technicians. 
The theme of this present symposium is 

included in the framework of item 2 of the 
Institute's responsibilities-transferandadap. 
tation of technology. Although the transfer of 
technology at farmer level falls within the com
petence of the countries, the Sahel Institute 
through its functions of promotion and coordi
nation of research and training activities and 
collection, analysis, and dissemination of scien
tific and technical research results- con
tributes significantly to the improvement of 
techniques at farmer level. 

As a matter of fact, the Sahel Insiitute has to 
indirectly participate in the transfer of technol
ogy at farmer level, through: 

_ the training of extension and development 
agents; 

0 the determination of suitabletechnological 
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packages to be transferred to farmers on 
the basis of scientific and technical infor-
mation obtained at the Sahel Institute; 

* the exchange of experiences between ex-

tension officers in the Sahelian countries; 
and 

* 	 the improvement of conditions for dis-

semination and of rural radio programs, as 
well as programs of other media in the 
CILSS member states. 

The conditions for a successful transfer of 

technology in the Sahelian rural beareas can 

summarized by three main points: 
" the training of extension and development 

agents and of farmers; 
* 	 the determiiation of technology packages 

suited to the socioeconomic conditions of 
the farmers, and 

" for the masses, a well-planned rural radio 
program, based essentially on item 2. This 
program is of course transmitted in the 
country's national (vernacular) languages. 

In each country of the CILSS region, exten-

sion services are established either within the 

traditional agicultural structures or the more 

operational fran'ework of development insti-

tutions, such as: 
* 	 the Company for Agricultural Develop-

ment and Extension (SODEVA) in Seneg-
al's groundnut basin,, 

* 	 the Regional Development Institutions 
(ORD) in Upper Volta, 

* 	 the development operations (the Mopti 
millet operation in Mali), 

* 	 the zonal projects within a country (project 

3M in Niger). 
In most cases the transfer takes place accord-

ing to the spreading dissemination technique, 

mainly by means cf demonstration. In the 

intervention area, a certain number of "model" 

farmers are selected to whom these techniques 

are taught. These farmers serve either as in, 

structors to the others, or as an incentive for 

their neighbors to use the same techniques in 

order to obtain the same yields. 
Audiovisual techniques are often used for 

mass communication. These are undoubtedly 
important but they cannot replace the direct 

experience that farmers can gain from visits to 

the fields of "model" farmers; after this on-field 
experience, they benefit more from a film 

promoting these techniques. 
Technological packages to be transferred 

should be determined keeping in view the 

important factor of the farmer's socioeconomic 
conditions. Any technique that is not easily 
integrated within the target rural areas, or 

surpassing their financial capacity, has little 
chance of success. This is also true of a 

technological package comprising complex 
themes and sophisticated techniques. 

This observation, however, is not a panacea, 
since we often find farmers with an extraordi
nary capacity for adaptation. For instance, at the 

start oftheOMVS program, peoplesaidthatthe 
farmers of the River Senegal region would 

never master the technique of rice cultivation 
with complete water control. As everyone 
knows, this is a very complex technique. This 

apprehension was' contradicted by the facts. 
Although the farmers of the River Senegal basin 

are not traditional rice growers, they showed 
themselves to be as competent as Asians, 
thanks to an astonishing ability to adapt. 

There is still a lot to be done in the field of 

transfer and adaptation of technology in the 

Sahelian region. 
It is well known that both national and inter

national research have obtained satisfactory 
results in the region, but these have not always 
had the desired applications, not only for lack of 

sufficient fir-ancial means, but also for lack of 

really adequate methods for applying the re

suits. For this reason, the recent project on 

mil!et, sorghum, and cowpea improvement 
planned by the Sahcl Institute has emphasized, 
besides training and experience exchanges be

tween researchers, the transfer - through mul

tilocational trials -of varieties selected and 

tested in some CILSS states. 
The Sahel Institute will endeavor in these 

trials to find the right methods for controlling 
various techniques related to the dissemination 

of these varieties in rural areas. 
We have discussedthetransferoftechnology 

as if the farmer was only to receive and not 

create techniques. Undoubtedly, this means 

that people do not fully appreciate the 

capabilities of the Sahelian farmer. There are 

several traditional techniques relating to culti

vation methods suited to different soil types, to 

breeding and seed conservation, as well as 

control of parasites and other crop pests. Al
thoughthesetraditionaltechniqueshavealocal 
character, they are truly suited to the farmers' 

socioeconomic conditions. 
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Research and development authorities 
should study further these techniques and im
prove them for dissemination, which will cer
tainly be more rapid and less expensive,
because they are produced by the farmers 
themselves. 
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The Brazilian Experience 
A. Blumenscheln* 

Abstract 

Brazil has investedsubstantially in agricultural research In the Northeast, where most of 
the semi-arid areas of the country lie. Besides the irregularity of rainfall and the 
Impoverishedsoils, a real obstacle to development in this area is the land distribution, 
with 8% of the farmers owning 67% ofthe cultivated land. The research program began 
by analyzing the constraints to increased production and has undertaken four main 
projects: an inventory of natural resources, the development of production systems for 
rainfed areas, production systems for irrigated areas, and farming systems for the 
specialconditions that exist in the Northeast. The program is so structuredas to facilitate 
the quick transfer of technology from the IARCs to Brazil. 

Most of the semi-arid areas of Brazil are in the 
northeast of the country. This region also in-
cludes some areas where rainfall is regular and 
that are therefore not semi-arid; however, for 
purposes of development, the Northeast is 
considered one socioeconomic unit. 

Agriculture is the most important support for 
the regional economy. Nevertheless, the in-
creased production of the last years has come 
from an expansion bf the cultivated area, not 
from higher productivity per unit area. If the 
present ratio of expansion to population growth 
rate is maintained, all cultivable areas will soon 
be occupied. The only solution therefore is to 
adopt appropriate technology to enhance pro-
ductivity. 

Brazil therefore decided to invest substan-
tially in agricultural research this year in the 
Northeast; $20 million was made available for 
that purpose, and 550 people are involved in 
agricultural research in the region. The research 
center for the SAT (Centro de Pesquisa Ag-
ropecudria para o Trdpico Semi-A-ido), located 
in the Northeast, is responsible for generating 
technology for this region and for coordinating 

Director, Centro Nacional de Pesquisas-Arroz e 
Feijao, Brasil. 

NOTE: Thls was not presented as a formal paper at the 
Symposium but Isan edited transcript of Dr. 
Blumenschein's extemporaneous remarks. 

development by other institutions. Three other 
centers, also located in the Northeast, specialize 
in research on cotton, cassava and tropical 
fruits, and animal production. Each state in the 
region also has a local program, carried out by 
state institutions, universities, and private in
stitutions. We have structured our national 
research program so as to facilitate a uick 
transfer of technology from international 
centers to our country. The relationship of our 
national to state-local centers is similar to that 
of IARCs to national programs. 

The climate in the northeast of Brazil is 
characterized by a rainy season covering a 
single period of 3 to 5 months. The rainfall 
distribution is very irregular, with average rang
ing from 25 to 252 to 1000 mm. In some areas, 
the distribution is so irregular that we can 
classify these as the very arid regions. The 
annual average temperature ranges from 23 to 
27°C. The insolation is very strong, averaging 
2800 hours a year and the relative humidity is 
low, averaging about 60% a year. Evapotranspi
ration is very high, averaging 2000 mm/year. 

The soil has a low and medium depth and 
very low fertility. It is rich in potassium but very 
poor in calcium, phosphorus, and organic mat
ter. It is a sandy soil and the erosion can be very 
intense in this area. The vegetation - with the 
exception of some small spots of dense ever
green forest-consists of xerophytic species 
that characterize the region, which we call 
Sertao or Caatinga. 
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The total population is 18.5 million; or 3.7 
million families. Of those, less than 2.2 million 
families have incomes equivalent to $100. 
About 58% of the farmers have less than 24 ha, 
corresponding to 6% of all the area used for 
agriculture in this region. Long periods of 
drought, frequent in this region, most affect 
these small farmers. Only 8% of the farmers 
own more than 100 ha each, but they own 67% 
of the cultivated area. Thus land distribution is 
the real problem in this area. 

In order to establish its research program, the 
regional center analyzed the development of 
agriculture in the region and identified the 
following main constraints to development: 

1. Lack of sufficient knowledge of natural and 
socioeconomic resources 

2. 	Harvesting deficiences 
3. 	 Inadequate soil 
4. 	 Small land holdings 
The research program is now oriented toward 

overcoming those constraints; it considers the 
property as a whole and looks for production 
systems appropriate to each ecological situa-
tion, trying to show the producer the advan-
tages of improved technology over the tradi-
tional one. 

The program is based on four main projects: 
1. 	Inventory of natural and socioeconomic 

resources. This project will allow us to 
collect information about the climate, soil, 
and other physical factors, as well as 
socioeconomic factors, that affect agricul-
ture. The Northeast can then be divided 
into analogous subregions. 

2. 	 The development of production systems 
for rainfed areas. The main objective here 
is to develop technology that will increase 
and stabilize agricultural production in 
areas with low and very low rain. This 
technology must be appropriate for adop-
tion by the small and medium farmers, 
with a limited number of cattle. 

3. 	 The development of production systems 
for irrigated areas. The objective here is to 
develop an improved technology that will 
allow the rational use of area with water 
reserves, on surface and underground, 
and soil with potential to be exploited 
continuously under irrigation, 

4. 	 Management of the Caatinga, the special 
conditions in the Brazilian Northeast. The 
main objective of this project is to develop 

technology that will make viable the 
economic potential of agriculture, espe
cially in areas with very low precipitation, 
while preserving the ecological equilib
rium. 

The regional center has a specially structured 
program. Because its purpose is to generate 
farming systems technology, its work program 
must bo comprehensive and allow the flow of 
information from one experiment to another. 
The research in the center involves basic 
studies, both at experimental field levels and at 
the farmers' level. Results obtained on conven
tional experiments and knowledge of regional 
conditions are integrated in a synthesis experi
ment, where the benefits can be evaluated as a 
whole, based on important production factors. 
For example, for crop production, the factors 
are grouped into varieties, fertilizers, soil and 
crop management, and water management. 
The best results for synthesis experiments, 
such as crop rotation, are tested on an oper
ational scale, which allows economic analysis 
and enables the multidisciplinary team of re
searchers at the centers to compare the perfor
mance of alternative systems with traditional 
systems. The most promising of the new 
systems are tested by them for acceptability. If 
the systems prove efficient at the farmers' level, 
they will be thoroughly diffused with the help of 
the extension people. 

Underthedrylandfarmingsystemsresearch, 
3 systems of cultivation have been studied: 
runoff, watershed, and vasante. These research 
programs are associated with studies of 
drought-resistant plants and are conducted 
simultaneously by multidisciplinary research 
teams consisting of specialists in agro
climatology, cultural practices, animal produc
tion, ecology, economics, agriculture, mechani
zation, hydrology, soil and water management, 
plant breeding, soil fertility, plant nutrition, soil 
physics, and soil- and water-plant relationships. 

One objective of the runoff studies is to 
develop a system of cultivation by runoff that 
could be applied to the region of the Sertao, 
where average rainTall ranges from 250 to 600 
mmperyear.Asecondobjectiveistodetermine 
the efficiency of water collected in the areas 
without vegetation to define the relationship 
between the water collected and the irrigated 
areas in a given region and to identify the 
importance of soil better in the irrigated areas. 
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The watershed farming systems research 
aims at developing a watershed planting 
system that could be used in the region called 
Agrestes. Another aim of this research is to 
compare the traditional cultivation system with 
the watershed system and to compare the 
traditional cultivation system with the ridge 
planting systems. 

The vasante farming systems research 
studies a type of agriculture peculiar to the 
northeast of Brazil: the practice of using dry 
river beds for agriculture during the dry part of 
the year. The vasante studies are meant for 
developing technology suited to this kind of 
agriculture. 

The drought-resistance research seeks to 
identify the adaptation of plants to their envi
ronment. Various biometers are taken into ac
count, climate parameters suck, as rainfall, 
evaporation, relative humidity, maximum and 
minimum temperature, light, intensity, solar 
radiation, and wind velocity; characteristics of 
the soil; and characteristics of the plant. 

For the management of the Caatinga farming 
systems research, the objectives are: to de
velop an economically feasible technology for 
areas of the Caatinga, preserving their ecologi
cal equilibrium through the rational use of 
natural resources, and to increase the supply of 
food in the northeast division, where there is a 
large gap between food production and con
sumption. 

Several projects compose this study. Among 
them is a study of goats, to obtain basic infor
mation on the productive and reproductive 
performance of the herb under existing condi
tions, and to identify the factors limiting a better 
performance. The effects of variables such as 
food and medical supply on performance dur
ing critical times of the year are measured. An 
identical study with the same objective and 
methodology is also being conducted with 
sheep. 

In two other related projects, germplasm 
banks have been established to maintain, mul
tiply, and assess native and exotic pastures, so 
as to encourage optimum use of natural re
sources for animal feeding. 
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Development and Transfer of Technology 
for Rainfed Crop Production in Thailand 

Ampol Senanarong* 

Abstract 

Of the four geographical regions of Thailand, the Northeast is where the problems of 
rainfed agriculture are most evident. Low and i. -stable yields of all crops - especially 
rice - in this region, underutilization of land, and low soil fertility combine to make per 
capita income offarmers the lowest in the country. Until recently, research focusedmore 
on varietal iniprove/,aent than on t ultural practices or soil and water conservation and 
management, Multidisciplinary r ?search needs to be emphasized and long-range 
programs developed to maintain continuity, Researchers, extension personnel, and 
practicing farmers should be enabled to work together to develop technology that the 
farmer can adopt profitably.A firststep would be to accept existing farming systems and 
introduce simple, low-cost innovations that will result in visible increases in yields. 

Thailand occupies a geographical area of 51.4 
million ha, of which 18.5 million ha are used ior 
agricultural purposes. Rice is the major crop, 
accounting for 11.7 million ha. The area under 
upland crops is 3.3 million ha; under fruit and 
tree crops 1.8 million; under vegetable and 
ornamental crops 95 thousand; and others 85 
thousand ha. 

The kingdom is divided into four regions: 
North, Northeast, Central, and South. The per 
capita income is highest in the Central region, 
followed by the South, the North, and the 
Northeast. 

Only about 20% of cropped land is irrigable. 
The largest irrigable area 12 million ha) is in the 
Central region and only about 0.4 million ha in 
the Northeast. Much of the irrigation is during 
the rainy season and is chiefly used for rice. 
Water resources for irrigation in the dry season 
are limited; only the Central and the North 
regions are benefited. The major agricultural 
exports are rice, cassava, corn, sugar, rubber, 
jute, kenaf, tobacco, and castor. 

The present paper confines itself to the 
Northeast, which is the poorest region, where 
farming is the most precarious, 

* Director, Field Crops Division, Department of Ag-
riculture, Bangkok, Thailand, 

The Region 

The region accounts for 34% of Thailand's 
population and 40% of the agricultural house
holds. Per capita income of the farmers in the 
Northeast is the lowest in the kingdom; al
though the region occupies one-third of the 
country's area, it contributes only a sixth of the 
gross national product. 

Cropped area in the Northeast is 5.2 million 
ha (from latitudes 14 " to 18 N and longitudes 
101' to 105' E). Rice occupies the major area 
(4million ha) and is grown mostly rainfed in the 
Lowlands as well as in the Upper (Paddy) 
Terraces. The Lowlands are generally assured 
for rice except for flood damage. The Upper 
Terraces can grow transplanted rice only if the 
rainfall is heavy early in the season; otherwise, 
they are either transplanted late or remain 
fallow. It is estimated that even in normal years 
only 75 to 80% of the rice area in the Upper 
Terraces is transplanted, and ofthe planted area 
80 to 90% is harvested; that is, only 60 to 72% 
of the Upper Terraces produce rice. 

Upland crops occupy an area of 1.3 to 1.4 
million ha, the principal crops being corn, 
cassava, arid kenaf - which account for more 
than 90% of the area - followed by peanut and, 
to some extent, cotton, tobacco, and jute. 
Nearly 80% of the rice grown in the area is 
consumed within the region; hence, farmers 
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attach greatest importance to rice. Cash income 
is largely from the sale of upland crops, vegeta-
bles, and livestock, 

The region receives a mean annual rainfall of 
about 1200 mm (range 1000 to 1600 mm). The 
rainy season is from May to October. Except in 
areas bordering the Mekong river, rainfall is 
bimodal, with peaks in May and September. 
Rainfall in June and July is uncertain. Mean 
temperature is not less than 200C in any month. 

The soils are light textured, poor in fertility, 
and have a tendency to form crust. Topography 
is undulating to rolling. Land forms are 
Uplands, Upper Terraces, and Lowlands. There 
is subsurface movement of moisture from the 
Uplands to the other two land forms. 

Based on the rainfall and humidity, the region 
falls into the seasonally dry semihumid cate-
gory; however, because of light soil and free 
drainage, the Uplands and Upper Terraces ad-
joining them are, in reality, semi-arid rather 
than semihumid. 

The Pre~lems 

The major problems of the Northeast are low 
and unstable yields of all crops, particularly 
rice; the underutilization of land; and low soil 
fertility. 

The low and unstable yields are traceable 
to the unpredictable rainfall of the region. 
Moreover, present crop varieties and cultural 
practices are not ideal for rainfed conditions. 
This is most noticeable in the case of rainfed 
rice. The increased production- and there
fore increased exports -of agricultural com-
modities has been due to expansion of cropped 
area; yields have remained static and, in certain 
crops, have decreased. 

Underutilization of land is most obvious in 
the Northeast. Out of 8.5 million ha of cropp-
able land, only 5.2 million ha are cropped; that 
is, 61% compared to 72% for the kingdom. 
Another aspect of underutilization of land is the 
low cropping intensity, that is, the present 
practice of raising a single crop of rice of upland 
crops. Cropping systems appropriate to the 
three land forms are vet to be identified. 

Soil fertility problems are accentuated by lack 
of soil and water conservation practices, either 
on a catchment basis or at the farm level. This, 
together with the practice of growing crops 

without the addition of either organic manures 
or fertilizers, rapidly depletes soil reserves that 
are already small because of light soil texture. 
Legumes are obviously absent in the 
presently practiced cropping patterns. 

Development of Research 

Until recently, research on rainfed agriculture 
received little attention in Thailand, as in other 
developing countries. Funds were small and 
opportunities so scarce that only a few scien
tists were willing to work in this difficult area of 
research. Those few who persisted were insuf
ficient to form teams strong enough to make 
significant contributions. The result was a 
discipline-oriented research which is too in
adequate to find solutions for the varied and 
complex problems of rainfed agricultiure. 

Even today, much-needed multidisciplinary, 
area-based, and resource-based research 
aimed at solving field problems is either absent 

or is not given its due priority in res6arch 
programs. 

In Thailand, the first attempt to focus on 
rainfed agriculture was through the Pioneer 
Rainfed Rice Research Project, initiated in 1974, 
and the Upland Crops Improvement Project, in 
1976. Both these projects are financed by loans 
from the World Bank and are in operation in the 
Northeast. While they succeeded in generat
ing some useful information, continuing re
search on a long-term basis is needed. 

Review of Research 

As a rule, varietal improvement ha.', received 
more attention than cultural practices (ag
ronomy). Cropping systems research is still in 
its infancy; on-farm testing was initiated a 
couple of yearsago. Research on soil and water 
conservation, utilization, and management is 
yet to be initiated. 

Varietal improvement was aimed largely at 
increasing yields and resistance to pests; breed
ing varieties suitable for specific local condi
tions of soil and rainfall remained secondary. 
Practically no attempt has been made to de
velop varieties suitable for cropping systems. 

Agronomy research was strongly crop
based. The objective was more to establish the 
yield potential of the elite varieties and their 
significance than to optimize resource use. The 
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range of information was insufficient to develop 
cropping systems. Attempts to superimpose 
the recommended practices of one crop over 
another did not result in efficient cropping 
systems. 

On-farm testing was more for the benefit of 
researchersthan farmers, It is still atthe stage of 
understanding the farmers and their practices 
and appreciating the proble. -: as farmers see 
them. 

Development of Technology 

Agricultural technology is appropriate when the 
farmers can adopt it and, if need be, adapt it. 
Rainfed agriculture in developing countries is 
practiced by small farmers on small holdings, 
with limited resources and inputs. To be ap-
propriate, the technology should require only 
low energy and low monetary inputs. It follows 
that experiment station research is rarely di-
rectly useful (Fig. 1). 

Technology should not only state what 
should be done but also how it should be done 
with the limited resources available to the small 
farmers who constitute the majority. tlesearch 
of a different kind -call it adaptive research, 
operational research, verification trials - is 
needed. The first step is to accept the farmers' 
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systems and introduce simple innovations 
capable of giving visible increases in yield. It is 
not enough to list what the farmer has failed to 
do; one must understand the reasons behind 
the failures in order to introduce innovations. 
The most fruitful and low-cost innovations con
cern variety, date of sowing, stand establish
ment, and weed control. 

It is implicit that researchers, extension per
sonnel, and practicing farmers should work 
together in developing appropriate tech
nologies. The most difficult thing, it appears, 
is to find mechanisms to make this poss
ible within the present institutional structures. 

Transfer of Technology 

There are two stages in the transfer of tech
nology: first, from research to extension and, 
second, from extension to farmer. This is be
cause in most countries research and extension 
organizations are separate and independent, 
and research will never be ab!e to serve directly 
the large number of farmers. It must be em
phasized that at every stage of transfer all three 
parties are involved, namely, researchers, ex
tension personnel, and farmers. In the first 
stage, farmers serve as "observers" and in the 
second stage research provides backstop and 
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Figure 1. Deveiopment and Transfer of Technology Process. 
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monitors the projrams. At both stages, feed

back is invaluable (Fig. 2). 

WAintaining Continuity 

Research generates new knowledge. Some of 
this knowledge which is use.jI and utilizable 
would be incorporated into technology and in 
time would be transfirrred to oxtension and 
farmers. Hence long-term institutional relations 
are necessary to maintain continuity. The au
thor would like to see operational research, 
on-farn testing, and pilot projects &s perma
nent features comparab!e in effort ana invest
ment to those on crop improvement. 

End of 
Development 

Period
 

Startup
 

Research Extension
 

Development of
 
Technology Perioed Transfer of Technology Farmers
 

Sraining X Period
 

- On Experiment Station
 

- On Farmer's Field
 

Feedback 

Figure 2. System of Transfer of Technology. 
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Philippine Experience in Crops in Dry Areas
 
J. D. Driloa, Jr. and Ed. B. Pantastico* 

Abstract 

The Philippiies, though a typical wet country with an average annual rainfall of253 cm, 
has dry areas from November to April. The trend of crop production in the wet, 
wet-and-dry, and dry areas reflects the influence of environmental parameters, e.g., 
amount of rainfall, temperature, relative humidity, soil fertility and texture, and market 
situation. To introduce cropping patterns in these areas with old-established cropping 
practices, applied research trials were conducted to gain and establishconfidence that 
the new package of technology will be adaptable to actual conditions. The trials stress 
the selc'ction ofthe testing site,design and testing of the cropping system in the farmers' 
fields, and series of data evaluation. The KABSAKA technology - ie., two rice croppings 
and one upland crop for the rainfed areas - developed from these activities, has given 
excellent results and, with appropriate modifications, can be adopted for other areas. 

This paper presents some crop production ex-
perience in dry areas in the Philippines. It also 
compares crop production in the wet, wet-
and-dry, and dry areas. 

The arbitrary grouping of the regions of the 
country is based on the duration and amount of 
rainfall received throughout the year. Dry areas 
have at least 5-6 dry months; wet-and-dry, 2-4 
dry months; and wet, two dry months within a 
year. Dry months are those with 100 mm or less 
of rainfall and wet months, those with 200 mm 
or more of rainfall. 

In this respect, the environmental parame-
ters, e.g. , amount of rainfall, temperature, 
relative humidity, soil fertility and texture, and 
market si'uation determine to a great extent the 
trend of crop production in different locations. 

Agroclimate and Geography 

Climate 

The Philippines comprises about 7100 islands 
and islets, which have an average annual rain
fall of 253 cm (Baradas 1978). 

The annual precipitation in the three largest 
island groups, Luzon, Visayas, and Mindanao, is 

Director General and Director, Crops Research Divi-
sion, Philippine Council for Agriculture and Re-
sources Research. 

272, 239, aoid 235 cm, respectively, distributed 
in a typical rainfall pattern as shown in Figure 1. 
The island of Mindanao, though having the 
lowest annual mean rainfall, has a uniform 
distribution of rainfall throughout the growing 
season of the crops. Being the least affected by 
typhoons, it is an ideal place for crop production 
(Table 1). 

Most of its islands are climatically influenced 

Rainfol (mm) 
1000 

750 Zoagses 

500 

250 "%.... %. i 

- Agusan 

I 
J F M A M J J A S 0 N D 

Figure 1. Typical rainfall patterns for three 
areas of the Philippines - Central 
Luzon, Visayas, and Mindanao. 
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Table 1. Grain yield (t/ha) of some rice 	 30 
30 Lowland RaInfedused In thevarletles/sellections 
2- UplandIRRI-PCARR cropping systems trials 


for two crops in 1975 (Haws, 1978). 25
 

1975 (2 crops) 20 

Region IR1561-228 IR30 	 15 

Luzon 7.4 c. (10) 5.9 c 10) 
Vizayas 7.5 b (5) 7.4 b (5) 
Mindanao 9.1 a (3) 8.8 a (3) 

5
 
Means followed by a common letter are not significantly
 

difforent at 5% level. Figures in parentheses ( ) Indicate 0
 

number of locations. 	 - o 

o D-- . ) - •.- .- 2 
-C 0 0 0 

- "C0 U- :,by the southeast monsoon, which divides the 	 .5 

year into well defined wet and dry seasons, with > 

the cropping season for the annual crops 
Figure 2. Percent distribution of rainfed areas 

generally determined by the wet season. Many 


areas 
 in the country have rain from May to in the Philippines.
 

November, the peak being August to
 
September. During the w.t periods, typhoons
 
and floods in the lowlands caused by intermit-	 on the stability of rainfall. As a consequence, the 

intensity of cropping, especially in dryareasliketent heavy rainfall are the greatest hazards to 
LaUnion, is mainly limited by the availability of crop production. However, during the dry 

months, particularly December to April, there is the water throughout the duration of the crop. 
The common cropping patterns in La Union,rainfall deficiency and some places approach 

located in the north, are rice-tobacco and ricethe semi-arid condition. 
or vegetables such asMost of the agricultural lands suited to rice vegetables. Tobacco 

and other upland crops is rainfed (Table 2 and squash, tomato, eggplant, sweet pepper, 

Fig. 2), cultural operations depending heavily 	 beans, garlic, and onions are planted on a 
limited scale after the rice harvest. Rice is 
planted in May to July and harvested in October 

Table 2. Approximate distribution of rainfed to November. Seedlings of transplanted 
areas in the Philippines (ha x 1000). vegetablesttobacco are raised in seedbeds, 

while melon, watermelon, ampalaya, squash, 
Lowland Upland and beans are directly seeded in the field. 

Region rainfed rainfed Total Situated in the tropics and surrounded by 

seas, Philippines is generally ex
llocos; 61.8 4.3 66.1 	 warm the 

pected to have high temperature as indicated by
Cagayan Valley 137.9 29.1 167.0 

7.0 325.8 its mean annual air temperature 	of 27C. The 
Central Luzon 318.8 

maximum temperature observed at 1 and
Southern Luzon 122.2 131.? 253.4 

3 p.m. of the months of April, May, and June isBicol 	 114.9 40.0 154.9 
31.3°C, and the minimum temperature at 5 and 

Eastern Visayas 148.0 13.9 161.9 7 a.m. in December, January, and February is 
Western Visayas 281.5 22.2 303.7 22.8'C. The high air temperatures are usually 
Northern and Eastern observed in the dry areas with mean annual air 

Mindanao 96.2 110.3 206.5 temperature ranging from 26.8°C-27.60 C. 
Southern and Western The high mean annual relative humidity 

Mindanao 155.1 76.5 231.6 (81%) observed in the country is brought about 

434.4 1870.8 by the extensive evaporation 	 from the seas
1436.4Total 

surrounding the islands,therich vegetation,the 
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moist air stream affecting the Philippines andthe arg voumef rinfll.Table 
the large volume of rainfall. 

The distribution of the relative humidity 
follows the pattern of rainfall distribution. Dur-
ing northeast monsoon, high relative humidity 
is expected over the eastern portion, and low 
relative humidity is prevalent in the interior 
areas. 

Soils 

Soil texture is perhaps the most important soil 
property that determines the suitable cropping 
pattern in a vertain environment. The pre-
dominant soil types in the dry areas are the 
moderately fine texture, e.g., silty clay loam, 
clay loam, and sandy clay loam; medium 
texture, e.g., loam silt, loam, silt; and coarse 
texture, e.g., sandy loam and loamy sand. 

The water-holding capacities of these diffe-
rent soil textures are presented in Table 3. A 
medium-textured soil provides better root 
penetration at the lower layer of the soil than the 
fine-textured types. However, immediate dry- 
ing of the surface, more evident in light than in 
heavy soils, is relevant to the growing of crops 
during the dry months. Table 4 shows crops 
found suitable for growing during the dry 
season, as reflected by their low water require-
ment throughout the growing season. 

Development of Technology 
on Cropping Systems 

In essence, the technology on cropping systems 
in the country is developed through a series of 
activities: basic research in experiment station, 
preproduction phases in farmers' fields, and 

Table 3. Water retention capacity of the diffe-
renttexturesofsomesoiltypesinthe 
Philippines. 

Centimeter of water 
Soil texture per 30 cm of soil 

Sandy 2.5 
Sandy loam 3.6 
Loam 5.1 
Clay loam 5.8 
Silty loam 6.4 
Clay 6.9 

4. 	 Water requirements of crops suited 
for planting during the dry months 
(International Rice Research Prog
ram Review, 1979). 

Crop requirement 
- - Yd response 

During growing Period duration to water 
Crop (cm) (days) (kg) 

Rice 35-70" 70-190 High 
Corn 50-80 55-115 High (1.25) 
Mungo 30-50 60-75 Med. High (1.15) 
Cowpea 30-50 55-65 Med. High (1.15) 
Soybean 45-70 60-75 Med. Low (0.85) 
Sorghum 45-65 95-120 Mad. Low (0.9) 
Peanut 50-70 100-110 Low (0.7 

Values are higher for the Phiippines 

finally, adoption as regional/national programs. 
Theuniversitiesicolleges, different bureaus of 

the Ministry of Agriculture, and the Inter
national Rice Research Institute generate viable 
technology for cropping systems, e.g. varieties, 
cropping patterns, insect and weed control 
methods. This information is assembled as a 
package of technology for testing in the rainfed 
areas of the country. Testing is done on the 
farmers' fields to identify the constraints 
and reduce the risks involved before massive 
adoption in the region or entire country. This 
means that the technology should be screened 
in specific environments whose magnitudes are 
specified in the planning of research activities. 

Collaborative Planning 

Interested research entities form working 
groups that will develop plans of activities for 
the preproduction phase, composed of applied 

research and pilot extension. For instance, IRRI 
and PCARR collaborate with the Bureau of 
Agricultural Extension (BAEx) for the transfer of 
the new technology to farmers in different 
locations. 

Applied Research Trials 

Selection of the Testing Site 

The testing sites are chosen principaly on the 
basis of agroclimate. For example, in 1976, the 
IRRI-PCARR cooperative applied research pro
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jects on rainfed rice conducted trials on 17 
locations of 12 provinces exhibiting different 
rainfall patterns and soil texture and types. 
Most areas in the Philippines have rain from 
May to November, with August-September as 
the peak months. 

Among these 17 locations, 3 are classified as 
wet, 10 as wet-and-dry, and 4 as dry areas. The 
wet areas were located in southern Luion and 
parts of Visayas; wet-and-dry, distributed in 
some parts of Luzon, Visayas, and Mindanao; 
and the dry areas, mostly in northern Luzon 
which, incidentally, is about the same latitude 
as Hyderabad, India (210 25' N). 

The water-holding capacity of the soil is well 
considered. This soil propertywould indicateits 
capability to support rice and other short-
duration crops during the dry and wet periods. 

Design of the Trials 

Two rice croppings of 3 months' duration could 
easily be grown within the rainy season. An 
upland crop following the second crop of rice is 
also a strong possibility, which can be tested in 
both dry and wet areas. 

The design of the experiments Idered the 
following factors: (1) land and soiis, (2) rainfall 
distribution, 3) crops usually grown by 
farmers, (4) marketability of crops, (5) crop 
adaptability, (6) farm resources (i.e. labor and 
credit) available in the locality, 

Five basic questions served as guidelines in 
deciding the applicability of the technology to 
be introduced: 

1. Are the patterns highly productive? 
2. 	Are the patterns stable over time and 

space? 

3. 	Of the sets of patterns for a given en-

vironmental complex, which are the most 
promising? 

4. 	 Are the pattern requirements within the 
limitations of the farmer's resources? 

5. Are the various management components 
at optimum level? 

Strategy of Testing 

The farmers' fields served as the testing sites. 
The experimental sites were approximately 
1000 sq m so that data could be computed on a 
per ha basis. The farmer-cooperator was 
selected based on the following criteria: (1) he 

must reside and !arm on the site, (2) farming 
must be his principal source of family income, 
(3) he must have finished at least elementary 
educationoritsequivalenttraining,(4) hemust 
own a work animal and basic farm implements, 
(5) he should have good standing in the com
munity, and (6) his farm should be accessible. 

The cooperators were provided with all 
necessary inputs and component technology 
and management. The inputs were made 
available through supervised credit.1 The 
component and management technology were 
extended by the researchers and the technician 
at the credit institution. However, the labor 
portion was left to the farmers' responsibility. 
Contracts were arranged so that the produce 
was channeled to the local markets or to the 
National Grains Authority. 

Pilot Extension Phase 

When most of the possible constraints in the 
applied research trials were identified and 
solved, the size of the testing site (50-100 ha or 
more) and the number of cooperators in
creased. When pilot-testing the promising 
technology, the cooperation of the local gov
ernment was also solicited to ensure the 
efficient transfer of technology. Basically, the 
steps employed in the applied research trials 
would be followed. However, in the selection of 
the pilot-testing sites, the following points are 
also considered: 

1) Is there leadership in the area? 
2) Is the rainfall stable, as revealed by data 

collected by the project? 
3) 	 Is thete organization and cooperation 

among agricultural agencies or can these 
be obtained? 

4) Are there indications that farmers are 
cooperating voluntarily in activities? 

5) Will the technology greatly change the 
working habits of the farmers in the area? 

In all areas considered, the yield also had to 
be 8 tiha or above, for the two crops of rice. 

Station Barbara, Iloilo, was selected as the 
first pilot-testing site of the IRRI-PCARR project 

1. Under the Integrated Farming Scheme, the 
farmer-cooperator could borrow approximately P 
2000 -P 3000 (U.S. $270-405) based on two crop
pings of rice and an upland crop. 
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on cropping system. It was known as KABSAKA 
("Kabusugan sa Kaumahan" or bounty on the 
farms). 

Results and Discussions 

The applied research trials of IRRI-PCARR on 
cropping systems covered the wet, wet-and-
dry, and dry areas of the country. The cropping 

twopatterns differed with locations. Generally, to 
rice croppings are quite possible in areas with 
sufficient supply of water during the growing 
stages of the rice crop. A third crop of corn, 
sorghum, soybean, peanut, mungo, cowpea, or 

sweet potato may follow the second crop of rice 
in some locations. These crops are generally 
planted in wet-and-dry, and dry areas where 
water is very limited during the dry months of
the year. Table 5 presents the yields of crops in
the yhrear. Taenpreents The yrobiel of s i 
the three environments. The profitability of the 
differentccrocomnations i Thbe v u o 
cations is shown 'n Appendix Table 1. 

Wet Areas 

Samar(RegionVIII),Albay(RegionV)andAklan 
(Region Sama)VI) represent the wet areas of the(ein representthvewet laraiofathe 
.untry. Samar and Albay have similar rainfall 

patterns of less than 2 dry months and 7 to 9 
wet months, and are often visited by typhoons.
There are a, least 16 to 19 typhoons visiting the couryareva' ear.16for 

However, the yield response of the crops in 
these locations differe. Samar is found most 
suited to rice, while Albay may grow upland 
cse from January to April. In fact, sorghum 
crops mnary to highest sorghe 
and mungo yielded the highest among the 
locations tested. 

Aklan, which lies outside the typhoon belt 
area, outyielded Samar. 

Wet-and-dry Areas 

Iloilo (Region VI), North Cotabato (Region X) 
and Quezon (Region IV) representing Visayas, 
Mindanao, and Luzon, respectively, have 2 to 4 
dry months and 5 to 6 wet months. The viable 
cropping patterns in these places reflect the 
influence of the climatic and economic factors, 

The effect of typhoons on the yield of the first 
crop of rice was very evident in some of these 
areas. Mindanao is more favorable for rice 

growing during the wet season than Visayas or 
Luzon. Towards the dry months, howaver, 
Luzon is most favored because of clear skies. 
Solar radiation, favorable to photosynthesis, is 
higher in Luzon than Visayas or Mindanao 
during this time.The third crop probably indicates the local 
mre tion Inoiay cnis the stal 
market situation. InVisayaa, corn is the staple 
crop and sorghum is a potential substitute for 
corn as feedgrain. Cotabato is considered therice bowl of Mindanao. Lucena, being an ,irban 
plce near Mana cna diso of the 
produce in local markets or in Manila. Palawan 
is an isolated island of Luzon and produce 

primarily for local consumption. Sweet potato 
can substitute for rice during lean months and 
legumes are possible cheap sources of protein. 

Despite some constraints to production, it 
was in this type of rainfall that the new tech
nology was found most suitable. For instance, 
results of the Iloilo Pilot Extension Project on 
Cropping Systems at Station Barbara, Iloilo 
(KABSAKA), demonstrated the possibility of 

growing twu rice crops and an upland crop in 
rainfed areas. Transfer of technology was well 
facilitated,adoption by farmers as indicated by the spontaneous of the technology. An 
adpinbfrmsofteecolg.Aeconomic analysis showed that the net income
fo 4 ao iewsP27 US 4) 
from 148 ha of rice wasn 2679 (U.S. $ 344). 

Priorto adopting the KABSAKA technology, a 
farmer grossed only P 6000 ($800) per annum 

a 35-cavan harvest (1.75 t/ha) from a single 
wet-season crop of rice. After joining the Pro
ject, he was able to harvest two rice crops
amounting to 500 cavans (25 tha) valued ati 
21 000 ($2800). Immediate!y after his second crop of rice was harvested, he planted mungo (1 
ha), peanut (1 ha) and corn (2 ha). He harvested 
them in February, all forJ1 4750 ($633), broken 
down as follows: 

Mungo (5 cavans) - P 1500 ($200) 

Peanut (5 cavans) - 750 ($100) 
Corn (30 cavans) - P 2500 ($333) 
In a span of 10 months, he grossed about P 

25 750 ($3433), which isP 19 750 ($2633) higher 
than his previous income of P 6000 ($800). 

KABSAKA as F rainfad cropping technology 
has caught the attention of farmers and policy 
makers alike. In fact, at least four external 
agencies (World Bank, FAO, the Australian 
Government, and the Japanese Government) 
have been cooperating with Project KABSAKA 
in different parts of the country. 
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Dry Areas 	 planted to rice. Among the upland crops that 
serve as cash crops are corn, sorghum, peanut, 

The dry areas are mostly .. d in northern mungo, cowpea, soybean, and sweet potato. 
Luzon. The first two crops in these locations are The selection of the third crop is primarily based 

Table 5. Yield of first, second and third crops In wet, wet-and-dry, and dry areas In the Philippines 
(IRRI-PCARR Annual Report, 1976). 

Crop yield (t/ha)
Rainfall 

Location type* First Second Third Total 

Wet areas 
Catarman, Samar 1.2 Rice 2.3 Rice 4.2 6.5 
Guinobatan, Albay 1.2 Rice 2.7 Rice 1.2 Corn 2.3 6.2 

Sorghum 6.2 10.1 
Mungo 1.1 5.0 

Kalibo, Aklan 1.3 Rice 3.8 Rice 6.0 9.8 

Wet-and-dry areas 
Sta. Barbara, 2.3 Rice 5.6 Rice 4.6 Corn 3.1 13.3 

Iloilo Sorghum 3.5 13.7 
Kabacan,
 

North Cotabato 2.3 Rice 8.7 Rice 4.4 Rice 5.3 18.4 
Lucena, Quezon 2.3 Rice 3.6 Rice 5.1 	 Corn 2.4 11.1 

Sorghum 4.4 13.1 
Mungo 0.7 9.4 
Soybean 2.0 10.7 
Cowpea 1.2 9.9 
Sweet Potato 5.1 13.8 

Puerto Princesa, 2.5 Rice 2.8 Rice 3.6 	 Soybean 1.4 7.8 
Palawan 	 Peanut 0.5 6.9 

Cowpea 3.0 9.4 
Sweet Potato 7.0 13.4 

Dry areas 
San Fernando 3.3 Rice 3.3 Rice 4.9 Sorghum 3.3 11.5 

La Union Corn 1.8 10.0 
tctiague, Isabela 3.3 Rice 2.4 Rice 1.7 	 Soybean 0.7 4.8 

Cowpea 0.3 4.4 
Sweet Potato 2.4 10.6 

Dry areas 
Sta. Maria, 3.3 Rice 2.9 Rice 2.4 Corn 1.5 6.8 

Bulacan 	 Sorghum 1.8 7.1 
Soybean 1.0 6.3 
Peanut 1.9 7.2 
Sweet Potato 3.6 8.9 

Sta. Maria, 3.4 Rice 1.5 Rice 3.7 Corn 4.7 9.9 
Pangasinan Sorghum 6.7 11.9 

Mungo 0.6 5.8 

1.2- <2 DM (dry months) and 7-9 WM (wet months)
 
1.3- <2 DM and 3-4 WM
 
2.3- 2-4 DM and 5-6 WM
 
2.5- 2-4DMand <3 WM
 
3.3- 5-6 DM and 5-6 WM
 
3.4- 5-6 DM and 3-4 WM
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on the versatility of the crop. A market is readily Comparative yields of the first, second, and
available because these areas have greater third crops in wet, wet-and-dry, and dry areas in 
access to Manila than Visayas or Mindanao. the country are presented in Figure 3. Rice as

Corn can be planted through November for first and second crop and as third cropcorn
dry grain. Cowpea is the most versatile and can grow favorably in wet-and-dry'areas. The dry
be planted any timaduring the growing season. areas could not support as well as the other 
Sorghumcanthriveevenindroughtconditions. environments did rice or an upland crop of
Mungo can be grown only at the end of the rain. either corn, sorghum, or mungo.
It cannot be harvested wet because of its low However, crop production in the dry areas 
seed dormancy. Peanut can tolerate heavy rain seems to have bright prospects, too. The
early in the season but must have less than 100 applied research trials verify the possibility of
mm/month at harvest time to prevent rotting. growing two crops of rice and an upland crop
Sweet potatowill tolerate heavy rain for the first under light soils (Fig. 4).
60 days but will rot if harvested early during the 
wet periods. Soybean is planted late October to Potential Crops
early November because it is photoperiod
sensitive. Based on a series of applied research trials, the 

Legend
 

Yield (t/ha) Q w (Wet)
6 / 

* WD (Wet-Dry)
 

D (Dry) 
5/
 

4/ 

//4 /
/ 

3 7 - 

2 /,/ // 

W WD D WWD D WWD D WWD D WWD D 
Rice Rice Corn Sorghum Mungo


1st Crop 2nd Crop 3rd Crop
 

Figure 3. Comparative yield of first, second, and third crops in wet, wet-and-dry, and dry areas in 
the Philippines. 
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Yield Yield Total yield 

SECOND CROP (t/ha) 2 crops t/ha)FIRST CROP (0A0) 

6.5IR1561 2.7 	 IR1561 3.8 

IR30 1.9 RICE IR30 3.9 5.8 

DSR _-H IR5129Sorghum 	 2.5 5.3Sweet potato 7.5 10.3 
IR306 2.7 O U Corn 2.5 5.2 

UPLAND603U PLAND Soybean 1.5 4.3 

2.8 1- CROPS Peanut 2.3 5.1 
Ave - Mubgo 0.8 3.6 

Cowpea (dry) 1.1 3.9 

DSR = direct-seeded rice 

Figure 4. 	 Production potential for growing two crops of rice in heavy soils or one crop ofrice and 

one of seven crops on lightsoils under rainfed conditions in areas with five dry months. 

and sorghum are potential feedgrains, thoughpotential upland crops that can be grown after 
the first crop of rice are sweet potato, sorghum, corn finds many uses in the household. Corn is 

used in flour making, edible oil, explosives,corn, peanut, soybean, cowpea, and mungo in 
the dry areas (Fig. 5). paints, etc. Sorghum is popularized in the 

The first crop of rice is planted at the onset of domestic household as a snack. It can be a 
source of flour, tannin, varnish, etc. Soybean,rainfall in May or early June. The rice harvest 

in thecan either be domestically consumed or sold. If being rich in protein, is used mainly 

rice is intended as a cash crop, sweet potato feeding of swine, poultry, and livestock. It is 

with its high caloricvalueand vitamin A content made into fermented food products such as 

can supplement rice as the main source of daily soysauce, tofu, and textured vegetable pro

energy food. The rest of the sweet potato is ducts. 

channeled to makers of native delicacies, di.ect For heavy soils, which have a high capacity to 
store water, the rice-rice-upland crops combiconsumers and to swine raisers. Cowpea and 


mungo, considered as poor man's food, can nation is applicable. However, soybean,
 

substitute for expensive sources of protein. mungo, sorghum, peanut, and corn grow with
 

Cowpea can be used in the making of pork and difficulty in soils with high concentrations of
 

beans, soysauce, and, possibly, texturized veg- clay. The yields of rice crops generally improve 

etable meat. Mungo commands high prices in in the second cropping season, due, perhaps, to 
solar radiation towards the Philippinethe local market. Consumers have a high pre- high 

ference for mungo. It has potential industrial summer months. 

uses such as flour, textured vegetable protein, Light-textured soils having lowwater-holding 

noodles, etc. Peanut, another popular seed capacity could not successfully support two rice 

legume, is in demand for snacks; edible oil, crops, which are shallow rooted and need 

butter, confectionery, as a base for cosmetics, ample supply of soil moisture. Drought-tolerant 
upland crops with deep penetrating roots areetc. Peanut shells could serve as fuel, too. Corn 
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Fint Crop Second Crop Third Crop 
(MWay-August) (August-Noiember) (Noaember-Mearch) 

net 
RR30 39 48>,5) pln Co 

net 

t/ha Income t/ha Income 

R 3. 0, Upland Crop Sweet potato 3.0 (1,504) 
IR30 2.9 (5,905) Sorghum 3.6 (2,642) 

Corn 2.7 (1,652) 
Peanut 1.9 (4,742) 
Soybean 0.8 ( 522) 

not Cowpea 0.3 
t/ha Income Mungo 0.6 ( 245) 

Sweet potato 
Sorghum 

7.5 17,219) 
2.5 (1,432) 

Corn 2.5 (1,432) 
Peanut 2.3 (6,342) 
Soyb", 1.5 (2,343) 
Cowpa 1.1 1440) 

un,g 0.8 1 912) 

Figure 5. Alternative cropping patterns for dry areas. 

best suited to follow after the rice harvest, 
Growing of the third crop would be limited to 
those capable of yielding satisfactorily under 
extreme water stress, like sorghum. 

However, the local demands and possibly 
foreign markets primarily determine the choice 
of cropping patterns in the respective areas. For 
instance on the basis of the present price of the 
crop commodities listed in Figure 5, the most 
profitable combination in heavy soils was rice 
(IR1561), rice (IR30) and peanut, giving a total 
income for the year of P 19732 ($ 2631)lha. In 
light soils, the best crop combination was rice 
(IR1561), sweet potato, and peanut, yielding an 
income ofP 18601 ($ 2480) but for the same soil 
texture, rice (IR1561), peanut, and peanut with a 
total of P 17724 ($ 2363) was not far behind, 

Looking Ahead 

In the country today, there are several ongoing 
national agricultural programs that aim to 
create sufficiency levels in food and feedcrops 
to improve the quality of life of small farmers 

and safeguard them from inflation due to the 
ever-increasing price of oil. Among them are 
Masagana 99 (M-99) for irrigated rice, 
Masagana Maisan (M-M) for corn, sorghum, 
and soybean, Gulayan sa Kalusugan (GK) for 
mungo, peanut, and vegetables, and National 
Mutiple Cropping Program for cropping inten
sification of the rainfed areas. 

M-99, launched in 1973, extended financial 
and technical assistance to small rice farmers to 
boost rice production and attain a self
sufficiency level. Prior to this program, rice 
insufficiency was keenly felt during the lean 
months (August-September) because rice was 
planted oniy during the wet seasons. Today, the 
members of this program enjoy a prosperous 
life and can send their children to college. 

Two years after the bumper harvests of rice 
were realized, the M-M program was pushed 
through to increase the production of feed
grains such as corn, sorghum, and soybean to 
reduce import costs and help local feedmillers, 
livestock, swine, and poultry growers, and, 
ultimately, the small farmers. 
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To improve the nutrition of these ordinary 
farmers, extensive vegetable production in the 
backyard and in commercial areas was encour-

aged through the GK and Green Revolution 

Program in 1976. 
In the same year, the government launched a 

national multiple-cropping program specifi-

cally directed to the small farmers. Some re-
searches have been conducted and are now 

being piloted in some project areas. One such 

example is KABSAKA, a technology developed 
eamplef1977.
and found most suitable for the wet-and-dry 
areas in the country. With modification of the 
technology and solution of the possible con-
straints to its adoption, there is a strong possi-
bility of developing suitable cropping systems 
for the rainfed areas. In fact, some recom-
mended multiple-cropping patterns after rice in 
dry areas with different rainfall patterns and soil 
texture are formulated (Appendix Table 2) to 
help the farmers especially in the dry areas to 
select suitable and profitable crop combina-
tions. 

With breakthroughs in research on cropping 
systems and the genuine interest of the gov-
ernment to improve the standards of living and 
morale of the marginal farmers, crop produc-
tion in the dry areas has bright prospects. 
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Appendix Taebl 1. Economic analysis ofthe different cropping patterns In wet, wet-and-drY ,land 
dry areas of the Philippines. 

Total gross Total cost of 
Cropping pattern Income production Net income 

Location 1st 2nd 3rd () (5) (0) ($ (6) ($) 

Wet areas 
Catarman, Samar Rice Rice 15925 2123 2400 320 13525 1803 
Guinobatan, Alb3y Rice Rice Corn 

Sorghum 
9 145 
6820 

1219 
909 

3718 
1318 

496 
176 

5427 
5502 

724 
734 

Mungo 3674 490 1759 235 1915 255 
Kalibo, Aklan Rice Rice 24010 3201 1200 160 22810 3041 

Wet-and-dry areas 
Sta. Barbara, Iloilo Rice Rice Corn 28422 3790 3718 496 24704 3294 

Sorghum 3850 513 1318 176 2532 338 
Kabacan, N. Cotabato Rice Rice Rice 45080 6011 3600 480 41 480 5531 

Lusena, Quezon Rice Rice Corn 23955 3194 3718 496 20237 2698 
Sorghum 
Mungo 

4818 
2472 

A-42 
330 

1318 
1760 

176 
235 

3500 
712 

467 
95 

Soybean 
Cowpea 
Sweet Potato 

5572 
2 400 
6 477 

743 
320 
864 

1857 
1760 
2306 

248 
235 
307 

3715 
640 

4 171 

495 
85 

556 

Puerto Princesa, 
Palawan Rice Rice Soybean 19600 2613 4257 568 15343 2046 

Peanut 1960 261 2858 381 898 120 
Cowpea 6000 800 1760 235 4240 565 
Sweet Potato 8 890 1185 2306 307 6 584 878 

Dry areas 
San Fernando, 

La Union Rice Rice Sorghum 
Corn 

23720 
1980 

3163 
264 

3718 
1318 

496 
176 

20002 
662 

2667 
88 

Echaque, Isabela Rice Rice Soybean 
Cowpea 
Sweet Potato 

11 921 
680 

3 048 

1589 
91 

406 

4257 
1760 
2306 

568 
235 
307 

7654 
1 080 
1012 

1020 
144 
135 

Sta.Maria, Bulacan Rice Rice Corn 
Sorghum 

14635 
1980 

1951 
264 

3718 
1318 

496 
176 

10917 
662 

1456 
88 

Soybean 
Peanut 

2688 
7 560 

358 
1008 

1857 
2858 

248 
381 

831 
4702 

111 
627 

Sweet Potato 4 572 610 2306 307 2 266 302 

Sta.Maria, Pangasinan Rice Rice Corn 
Sorghum 

17 910 
7370 

2388 
983 

3718 
1318 

496 
176 

14 192 
6052 

1892 
607 

Mungo 1937 218 1760 235 177 24 

Yield data are presented InTable 5 of the text. 
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Appendix Table 2. Recommended multiple cropping patterns after rice for aros with different 

rainfall patterns and soil textures. 

Locations Rainfall pattern* 

Dry areas Low, Increasing 

(5-6 or more 


dry months) 


Low, Decreasing 

Wet-and-dry area Medium, Increasing 
(2-4 dry months) 

Wet-and-dry areas Medium, Decreasing 
(2-4 dry months) 

Wet areas Medium, Level 
(less than 2 dry months) 

Soil texture* 

SL-SIL 

SiL-CL 
CL-C 
C 

SL-SiL 

SiL-CL 

CL-C 
C 

SL-SiL 
SIL-CL 

CL-C 

C 

CL-C 

C 

SL-SIL 

SiL-CL 

CL-C 

C 

SL-SiL 

SIL-CL 

CL-C 

C 

Recommended crops*** 

Corn, mungo, peanut, sweet
 
potato, cowpea, soybean
 

Mungo, cowpea, corn, peanut
 
Mungo, cowpea
 
Cowpea
 

Mungo, cowpea, sorghum,
 
peanut, sweet potato
 

Sorghum, mungo, cowpea,
 
sweet potato, corn, peanut
 

Mungo, cowpea, sweet potato
 
Cowpea
 

Corn, soybean, cowpea 
Cowpea, corn, soybean, 

intensive vegetables 
Soybean, rice (direct seeded), 

cowpea, intensive vegetables 
Rice (transplanted), cowpea, 

intensive vegetables 
Soybean, rice (direct seeded), 

cowpea, Intensive vegetables 
Rice (direct seeded), cowpea, 

intensive vegetables 

Corn, cowpeas, soybean, 
sweet potato, peanut, sorghum, 
mungo 

Sorghum, soybean, mungo, 
cowpea, sweet potato 

Rice (transplanted), coi vpea, 
mungo, soybean 

Cowpea 

Rice, cowpea (green), 
corn (green) 

Rice, cowpea (green), corn 
(green), intensive vegetables, 
viny crops 

Rice, cowpea (green), corn 
(green), intensive vegetables, 
viny crops 

Rice, cowpea, intensive 
vegetables, viny crops 

Continued 
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Appendix Table 2. continued... 

Rainfall pattern* Soil texture"Locations 

High, Increasing SL-SiL 

SiL-CL 

CL-C 

C 

Wet areas Medium, Decreasing 	 SL-SiL 

SiL-CL 

CL-C 

C 

Recommended crops " 

Rice, cowpea (green), corn 
(green) 

Rice, cowpea (green), corn 
(green), intensive vegetables, 
viny crops 

Rice, cowpea (green), corn 
(green), intensive vegetables, 
viny crops 

Rice, cowpea, intensive 
vegetables, viny crops 

Corn, cowpea, soybean, 
sweet potato, peanut, 
sorghum, mungo 

Sorghum, soybean, mungo 
cowpea, sweet potato 

Rice (transplanted), 
cowpea, mungo, soybean 

Cowpea 

Dry months have 100 or less mm of rainfall per month and wet months, 200 or more mm of rainfall per month. Low- 0-100 

200 or more. Amount of rainfall increases or decreases as reckoned from plenting to 
mm; Medium - 100-200 and High 
harvesting of the crops. 
SL - sandy loam, SiL - silt loam, CL - day loam, C- clay. This is related to the water retention capacity of these soil types. 

Soybean, mungo, sorghum and peanut grow with difficulty in soils with high day concentration. 
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Summary of Discussion - Session 6
 

Chairman Sauger commented that the papers 
from this session fell into two groups 
extension and research- with an important 
distinction between them. The first group ex-
pressed dissatisfaction at the existing state of 
affairs; the second group was fully or almost 
fully satisfied. Co-chairman Doggett summed 
up the afternoon's papers. He expressed con-
cern that the papers contained few estimates of 
technologyactually transferred. In morethan 30 
years' experience in the tropics, he said, he had 
not seen farmers near research stations take 
any interest in the activities of the station. How 
rapidly was technology being transferred? Did 
we have effective techniques for transferring 
technology? 

He said the paper by Drs. Randhawa and 
Venkateswarlu gave an encouraging view of the 
impact made by the Indo-British and Indo-
Canadian projects, with technology now begin-
ning to be adopted in the project areas. The 
Nigerian paper gave the impression of slow 
adoption, citing the farmers' poverty as a major 
reason for the slowness. This is indeed cause 
for concern, Dr. Dog!,ett said. He wondered if 
the iectrnology being developed is within the 
farmers' reach. For example, he said, an ex-
periment station recommendation for fertilizer 
in a cassava project was 100-100-100, whereas 
a 10-10-18 coconut fertilizer was the maximum 
actually, and effectively, used for 8 years. 

The approach in Brazil appears very good and 
it sounds as though all aspects have been 
considered. There is plenty of financial input, 
too, and - perhaps a key factor - farmers' 
profits are increasing. 

In Senegal, Dr. Doggett said, where there has 
been a series of efforts to find the best way of 
getting technology across to the farmer, Dr. 
Sene's paper implied that not a great deal of 
progress had in fact heen made. This is a 
serious situation. At the IARCs, we are looking 
atsomefairlyadvancedtechnology, andthebig 
question in this: if ve can't get even the simple 
stuff across to the farmer, what is the time scale 
for the more complex agricultural procedures? 

It would be very helpful, Dr. Doggett said, to 
have some information on how much and how 

successful the technology transferred is prov
ing to be. High-yielding varieties seem to be 
well accepted. But are they adopted alone or 
with a package of practices? Is this package 
substantially different from the one originally 
recommended? 

The cropping systems approach in Thailand 
seems very relevant. This is a vital area. In the 
Philippines, the cropping system developed at 
IRRI, tested and modified on the farm with the 
farmer actually doing the trials, does seem to be 
well accepted. 

Is the technology we are recommending 
really worth the farmer's while? The work of 
the international centers is worth nothing, 
Dr. Doggett concluded if we cannot get the 
technology over to the farmer. 

Dr. Laxman Singh observed that techniques 
for transferring technology in rainfed areas 
must be radically different from those followed 
in the "green revolution" irrigated areas. The 
technique used successfully in irrigated areas 
has not resulted in adoption of new technology 
to support the technology in rainfed areas, even 
on adjoining fields after 10 years, he said. We 
have not created the infrastructure to suppor, 
the technology we introduce. One solution is to 
organize the farmers to create and maintain an 
infrastructure to sustain the new technology. 
The farmer should be helped to process his crop 
so that he realizes greater benefits. 

Dr. Govindaswamy described techniques 
used: to test findings in the farmers' fields for 
economic viability. On an experimental basis 
researchers were able to help farmers make 
spectaculargains - from40 quintals (400 kg)to 
4 tonnes.'They also got feedback from the 
farmers so that research findings could be 
evaluated. 

Dr. Sy from Mali said that Dr. Sene's descrip
tion of Senegalese research as functioning in 
ivory towers was not accurate, that the fault was 
not with the research but with the organiza
tional structure. It is not as if researchers invent 
their own problems and then try to find solu
tions for them -it is that the farmers don't 
constitute a strong enough pressure group and 
do not have adequate means of conveying their 
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problems to researchers. Extension workers are 
not able to take results from the lab to the small 
farmers. Perhaps, Dr. Sy said, there could be 
training programs to enable extension workers 
to draw on the published results of research 
work, digest them, and pass them on to the 
farmer. 

Dr. Gill cited as a good example from Ghana 
the transfer of technology using only simple 
innovations - local improved variety of corn 
and locally available fertilizer and insecticide. 

Dr. Avadhani observed that in studies he had 
been involved in, the 25- to 40-year old group of 
farmers and those who had a high school or 
higher education were more receptive to inno
vations than others. 
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Linkages for Transfer of Technology 

B. N. Webster* 

Abstract 

The paper examines the more traditional concepts of technology transfer in agricultural
development and points up the multidimensi ral nature of the linkages required to
sustain a dynamic applied knowledge system. Considerable emphasis is given to the
internal transfer of technologies and the greater relevance of those indigenously
generated. The importance of the human element at all levels is stressed, and thus the
cardinal role to be played by proper linkages with education and training institutions in
the preparation of cadres of properly trained "human links" in the transfer chain. 

Many papers on this subject during this last 10 
years or so have stressed what I have always
believed in. That is the importance o? recogniz-
ing tilefarmer's field asthe end goal of research 
and thus of the need for ensuring the strength of 
all the links irn the technology transfer chain 
leading thereto. In examining these linkages 
we must also aswme the existence of the 
structures to be linked -an institution, a ser-
vice, and ultimately individuals, each of which is 
necessary to ensure a smooth flow of know-
ledge and its appropriate application, 

We have heard during the last week from 
many speakers about individual examples and 
specific methods of technology transfer and 
about ICRISAT's own approach to its problems 
and concepts. Ishall attempt to point out some 
specific problem areas in the process cf transfer 
of agricultural technology that are generally
considered to constitute "weak links," and to 
offer some solutions - not necessarily original 
ones - aimed at the shoring up of these weak 
spots. 

The Network of Transfer 

Traditional approaches to technology transfer 
tended to regard it strictly as a vertical process:
from the developed to the less developed, from 
the international to the regional and to the 
national level, and thence through various 
stages (always regarded as downwardsl) to the 

Senior Agricultural Research Officer, FAO. 

ruraoproducer or entrepreneur. Also, such tech
nology was usually of developed country origin
and much of its transfer was prompted by the 
call of the first United Nations Conference on 
Science and Technology in 1963 for the rapid
transfer of a vast bulk of "technology" from the 
more developed countries, in the erroneous 
belief that this would provide a panacea for the 
social ills of hunger, malnutrition, and poverty
in the less developed countries. 

A more enlightened view now prevails. The 
second UNCSTD meeting this last week has 
heard from many sources - including the UN 
itself, the Pugwash Council, and COSTED - of 
the importance of Technical Cooperation be
tween Developing Countries (TCDC) as well as 
with the more advanced countries (TCAC). The 
importance of regional dissemination and shar
ing, and the ensuring of proper internal distri
bution of knowledge within each country (lat
eral transfer) have also been stressed at the 
conference. Thus, some regard the various com
ponents in the technology transfer process as 
huving a two-dimensional relationship in the 
form of a network. However, as many of these 
components have relationships both with each 
other and with other correlated entities, a mul
tidimensional network or matrix may better be 
envisaged. If, indeed, we were to regard the 
spatial distribution of components in a similar 
way to that of a complex chemical molecule, 
then the linkages that we are discussing -to 
continue the metaphor - could be regarded as
the bonds. Inasmuch as a bond does not exist 
independently, so the linkages in our system
should normally be an integral part of, or at 
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least provided by, one or another of the com-
ponentsto belinked. On occasion, however, it is 
necessary to look to a third party to provide the 
desired contacts, and when so necessary, the 
third party could best be regarded in the form of 
a catalyst. 

Components of the Network 
and Suggested Linkages 

Major sources of agricultural technology ex-
ternal to the less developed countries are the 
transnational corporations, the international 
agricultural research centers, and international 
and bilateral aid agencies (which in turn have 

access to, and draw their knowledge from, 
research stations, universities, industries, 
learned societies, etc., in the developed coun-
tries and the more advanced less developed 
countries). A growing source is now from other 
developing countries with similar problems and 

resources. 
Whatever the source of funding - trans-

national, international, foundations, or 
bilateral - one must distinguish the donor and 
the recipient components if the concept of 
technology transfer is to stand up. I shall retain 
the term and will examine some of the neces-
sary linkages in the development of an agricul-
tural knowledge system. 

Each component has a diversity of linkages 
(indeed flexibility of linkages should be a key 
feature for consideration) and it would be 
invidious to single out any particular type of 
linkage for commendation. On the other hand, 
however, strong criticisms have been rightly 
leveled at 'he "lock, stock, and barrel" type of 
technology transfer (i.e., prJvision of capital, 
full firancing, facilities, equipment, personnel, 
and recurrent expenditures, to make an "instant 
industry"), which is more typical of trans-
national corporations and major industrial 
exercises than of agriculture. The grounds for 
such criticism are, of course, that it gives little 

attention to th , desirable creation of local con-

ditior. permitting technology absorption and 

generation. 
More common in agriculture, however, is 

the provision of part of these services, with 

strong local counterpart contribution and 

considerable - and highly desirable-

provision for the training of national staff 

through fellowships. All too often, however, 
those fellowships are linked strongly to the 
donor-country educational establishment and 
are not sufficiently often linked to the 
circumstances, ecological and social, in which 
the fellowship holder is going to have to work. 
This is but one example of a number of less ap

propriate linkages that have developed in aid 
activities. Some of the foundations, interna
tional agencies and centers, however, have 
long recognized the value of linh-,ig training to 

tasks to be performed, and have ensured the ap
propriateness of much of their training. That 
given at and by the iARCs is an instance, with 
the FAO/UNDP/CIMMYf' Near East Wheat and 

Barley Training Project and the F.AO/IITA Crop 

Production Technology Workshop providing 
good examples. 

Each transfer systemn has a varying number of 
essential components, usually starting with the 
political will on the part of the government to 
acquire or to develop technologies for a specific 
purpose, running through negotiations with 
possible donoro. program/prolect planning with 
or without donor/technical aid agency as
sistance; through technical/economic feasibil
ity studies, government and local level ap
proval, to final operations. This may again be 
conducted by the donor's own staff, by a con

tractor on behalf of the donor or the recipient 
country, or by the national institution utilizing 
its own staff. At all of these stages, specific 
linkages and bonds have to be forged or 

strengthened, and Ipropose we now examine a 
few of those necessary contacts and see how 

they may be improved. 
First, initial contacts are normally made 

through diplomatic or international channels 
for which well-established, albeit often im
personal, linkages points exist. Following this, 
however, the subsequent development of a 

transfer process tends to be handled more and 

more at the personal level. Thus, the total 

process of technology transfer becomes more 
and more a person-to-person affair as we reach 

nearer and nearer to the "practitioner level." 

The second level of involvement, especially in 

considering an "imported" technology, is likely 

tobebetweentheseniorplanningandtechnical 
officials of a ministry or technical department 

on the one hand, and of the aid agency, com
pany, or university, etc., on the other hand. The 

importance of sympathetic and understanding 
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ties at this level cannot be overestimated. Many 
otherwise excellent technical assistance/ 
technology transfer schemes have foundered at 
this level, through inability on one side or the 
other (through language difficulties, lack of 
technical competence, etc.,) to fully achieve 
understanding. The selection of personnel at 
this level therefore begins to be important, 

The next stage is active transfer. Diverse 
linkages need to be established at the several 
levels of implementation before a commodity, 
process, or technique reaches the farmer or 
small rural industrialist. Perhaps the most im-
portant are the linkages with the educational/
training system of the country. Without the 
appropriate personnel available in sufficient 
quantity, the absorptive/generative capacity of 
any country for new technology islikely to 
remain low. 

It is at this level of internal dissemination and 
implementation that the human resource gap is 
greatest, as, no matter howmany personnelare 
trained, the brain drain overseas, losses to other 
public cervices, and to the private commercial 
sector, invariably decimate the trained "human 
links" in the transfer chain. The working con-
tacts between agricultural and educational in-
stitutions, particularly where agricultural edu-
cation is dependent on a Ministry of Education 
rather than a Ministry of Agriculture, leave 
much to be desired. Thus, stronger links 
through manpower planning boards, labor 
commissions, and agricultural research 
councils able to relate manpower supply to de-
mand, are badly needed. We have already
heard comments on the desirability of a rural, 
rather than an urban, background for workers in 
agriculture and would like to expand this re-
commendation to ensure inclusion of at least 1 
year's farm level practice, or similar previous 
experience, as an indispensable requisite for all 
degree courses in agriculture. This used to be a 
sine qua non in most agricultural courses in the 
more developed countries; its reintroduction 
would do no harm. But it should be borne in 
mind that the practical work needs to be in an 
environment appropriate for the trainee. 

I would like to reiterate what I have hinted at 
earlier, that the selection of personnel for train-
ing as the human links in the chain is just as 
important as the technology to be transferred. 
First, there must be a sense of vocation, at least 
as strong as that of the "vocational farmer," 

bearing in mind that "agriculture for millions of 
poor and the landless people the world over 
cannot be regarded as a vocation but rather as 
an inescapable way of life. Second, a fair degree 
of missionary fervor helps, provided it is 
rationalized into appropriate channels; third, 
understanding of, sensitivity to, and respect for, 
other peoples' ways of life are essential. 

Our educational programs and curricula of 
today do not, I think, take sufficient account of 
these needs. Over the last 10 years, we have 
tended to create too wide a gap betweon the 
students training for research, and those for 
"other branches," including extension. Con
sequently, some of our research workers know 
little (and sometimes care less) of extension 
methods, and many of our extension methods, 
andrmanyofourextensionworkersarenoteven 
taught how to lay out and run a simple field trial, 
let alone analyze its resultsI Thus, one of the 
most important linkages, that of research/ 
extension, is in danger of being strained from 
the outset. 

Linkages between technical and rural soci
ology and socioeconomic research institutions 
have also been generally weak in the past and 
this must have contributed to the widespread 
transfer of much inappropriate technology due 
to lack of understanding of the farmers' real 
needs and the circumstances that motivate a 
farmer to adopt a proffered new and improved 
technology. All too often, for example, the basic 
motivation of a functional marketing system 
serving a recognized demand has been lackirng. 

This lack has been fully recognized by the 
IARCs, and now the system as a whole has 
considerably strengthened its socioeconomic 
research, as an integral part of the Center's 
farming systems program. None has made 
better progress than the Village Level Studies pro
gram of ICRISAT, and we have heard what was 
to us a most exciting account of work at what I 
consider the most important level at which 
genuine constraints impede the process of 
transfer of both adapted and endogenously 
developed technologies. 

Responsibility for ensuring appropriate 
linkages at the various levels differs from coun
try to country and from system to system. In 
many, the linkages depend upon formal in
struments of protocol, memoranda of agree
ment, etc., which usually serve to limit and 
define responsibilities of the contracting par
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ties. In aid agreements, these are probably 
essential. More informal associations, how-
ever, are often as fruitful and the Royal Society 
of London has stated, in material prepared for 
UNCSTD, that: 

"disseminaticn of scientific and technologi-
cal knowledge depends heavily on personal 
acquaintance and correspondence between 
experts working in each particular specialist 
subject. Therefore, it is important that 
the ...technologists in the developing coun-
tries are brought fully into the information 
networks of the developed world." 
Itfurther stresses the need, within developing 

countries, to establish the closest possible ties 
with professional societies elsewhere, between 
themselves, and between scientists, tech-
nologists, and educators in agriculture and in 
industry, 

Arising from the strong bias towards the 
individual follows a recommendation for build-
ing up centers of excellence (i.e., internal lin-
kage centers) around brilliant individuals and 
teams who have acquired an international repu-
tation. This technique was used to great advan-
tage in the UK in the buildup of the special 
research units of the Agricultural Research 
Council and has already been emulated 
elsewhere. Responsibility for this must be 
jointly government-professional societies. 

Information and Communications 

Internal communications and information ex-
change between the various components of a 
technology transfer system, the government 
policy makers, the scientific community, the 
aca Jemic and training institutions, the farmer 
cooperatives, credit and other institutions can 
on!y be properly maintained if appropriate in
slitutional inechanisms such as agricultural re-
search councils and technical committees are 
set up at all the necessary levels to ensure that 
all key personnel are kept adequately in the 
picture. An optimal arrangement at the field 
operational level is suggested later, 

More formal international information net-
works are legion. The CARIS, AGRIS, and 
AGLINET projects of FAO are just three that 
serve the global needs of agricultural scientists, 
and numerous national abstracting and corn-
puter services have been established to in-
crease the rate of dissemination of knowledge. 

Modern postal communications being what 
they are, and abstracting, printing, and posting 
taking even longer, it is encouraging that com
modity information programs are proving of 
real value, and are certainly hastening that 
two-way interchange of knowledge between 
scientists with like intereststhat has received so 
muc~h support. The newsletters supported by 
IDRC and the Centers are already proving to be 
most valuable linkages in the transfer process. 

The roie of FAO and other international agen
cies (CARIS, AGRIS, AGLINET, etc.) as essential 
sources of information on agricultural policies, 
the world food situation and its trends, and 
as disseminators of such information and 
technologies derived therefrom in its field 
programs, is likely to continue being streng
thened. FAO's training activities have 
already been stepped up considerably, and 
mention will be made later of an interesting 
development in Asia that is taking a new look at 
the old process of "extensioi," which is essen
tially the final step in technology transfer. 
Cooperation is being stepped up between FAO 
and the IARCs in their complementary activities 
concerned with training research workers, and 
linkages here could be further strengthened. 
First, however, we should await the outcome of 
the current review of the Centers' cooperative 
activities, which may resolve some of the pre
sent problems regarding total off-campus re
sponsibilities of the Centers. 

At the same time, it may be worth considering 
whether we are yet training in the right way for 
optimum technology transfer and a further 
suggestion is made at the end of the paper. 

Linkages Between Basic and Applied 
Research
 

Some of the international centers are increasing 
their own basic research on the grounds that 
closer interaction with their own applied pro
grams can thus be assured. Furthermore, a fair 
amount of the more basic research needed is 
locale-specific. This approach, if extended to 
other international centers, as some believe it 
shouldbe, wouldextendtheroleofthelARCsin 
basic research and, presumably, reduce their 
capacity (assuming no real growth) for applied 
research/technology generation and transfer. 
This also is surely commendable, provided 
again that, through regional advisers/monitors, 
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the Centers maintain close links with all the 
various developments of their materials 
(technologies) in order to provide feedback as 
appropriate to their core programs. As national 
capacities increase and national scientists take 
over more of the work, this should prove feasi-
ble. 

Conclusions 

Extension 

Oneofthe most promising solutions, ifl may be 
cautiously optimistic, totheproblemofthefinal 
linkages with the "voiceless majority," may be 
seen in the "field workshop technique" that has 
been used during the past 3 or 4years in several 
Asian countries under the guidance of Cameron 
Clark of FAO's Regional Office for Asia in 
Bangkok. He recognizes one of the greatest 
challenges to communication as the "promo-
tion of constructive dialog between national 
planners and administrators and representative 
farmers from diverse socioeconomic levels, on 
ascale large enough to produce a 'critical mass' 
able to influence public opinion and thus bring 
about institutional change." Clark's approach is 
based therefore on a multidisciplinary appraisal 
of the problem situation, with problem iden-
tificationandsolution involving representatives 
from all departments and levels of the bureauc-
racy concerned with area planning, from senior 
administrators to small-holder farmers, share-
croppers, and landless laborers. Each workshop 
lasts for 5 days and, if successful, results in an 
"integrated plan of action to which both farmers 
and government are fully committed." 

This type of extension should help to avoid 
the many failures of the past in trying to trans-
fer a sophisticated communication system that 
attempts to pass an inappropriate message 
to a community unwilling to accept it or 
simply incapable -through lack of basic 
resources - of accepting it. This then, I believe, 
may help to take whatever technology may be 
available for transfer to the people who really 
need it. I would therefore commend it for 
discussion to our panel, ir, the conviction that 
linkages for transfer of technology cannot be 
separated from linkages for the implementation 
of programs; one is simply the end point of the 
process and surely the most important and 
ultimate point. 

Education 

A few years ago I gave the opinion that we 
needed to develop a new type of agricultural 
graduate in tropical agriculture; or rather to 
resurrect an older breed-able to conduct and 
analyze straightforward field experiments, not 
aloof but able to mix with, talk with, and 
understand the small farmer. This needs practi
cal experience in agriculture, a farm rather than 
an urban background, and proper training in 
sociological and communication skills. 

So, if the panel that is to follow this address 
has a degree of agreement with me on the 
supreme importance of the human linkages in 
developing an applied knowledge system, it 
may also care to devote some time to the 
consideration of how best to select andtrain 
those most important human links. 

Institutionalizing Linkages 

All our speakers have agreed on the urgent 
need to ensure linkages beiween research and 
development agencies. Many methods and 
techniques have been pointed out, from the 
land-grant college system to the compre
hensive listing of rather more ad hoc associa
tions and contacts given by Dr. Cummings as 
available to and utilized by, the International 
Agricultural Research Centers. 

The "technology transfer centers" recently 
proposed at the UNCSTD for both developed 
and developing countries might also contribute 
to the solution if established. Probably no 
blueprint can be established. However, I would 
like to hear the Panel's views on the best way to 
ensure the close and harmonious working of 
research and extension personnel. I believe a 
single campus is necessary, and a unified direc
tion. lnternationalagenciessuchasFAOandthe 
newer agencies are able and willing to assist 
countries in establishing the institution of their 
choice. 

Should we all be prepared to tailor each 
individual system according to circumstances? 
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Linkages for Implementntion of Programs 

W. K. Agble* 

Abstract 

The most fruitful linkage for implementing programs would involve a triangular
structure connecting research, extension, and the farmer. The major goals of such a
linkage would be to transfer technology rapidly for the benefit of the largest number of 
farmers; such technology should not only be economically viable and acceptable to 
farmers but also meet the political, social, and economic needs of the country. This
demands strengthening of both national research and extension systems. Most
important, it requires farmers to group themselves into a strong force that can exert 
pressure on the country's political machinery to secure equitable pricing, funding, and 
tax policies, as well as other benefits for farmers. 

Expected Goals for Establishing 
Linkages 

In establishing linkages it is necessary to con-
ceptualize certain targets, the major goals be-
ing: 

a. That the processes (linkages) established 
would aim at transferring technology rapidly 
to benefit the greatest number of farmers 
and improve their earnings and standards of 
living. 

b. That the new technology is proven to be 
economically viable, poses no serious risks, 
and is acceptable to farmers. 

c. That the technology satisfies the political, 
economic, and social needs ot the country.

Activity areas in the linkage structure 
can be described as a triangular structure 
involving (a) research (b) communications, and 
(c) production, all joined one with another; that 
is, research, extension, and the farmer, 

Research 

The transfer of technology is dependent on the 
existence of a national research system that is 
able to generate and validate its results and 
participate in the processes of the transfer 
mechanism. In the developing countries, par-

" Director, Crops Research Institute (CSIR), Kumasi, 
Ghana. 
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ticularly in Africa, the research capability of the 
national research systems is in most cases 
inadequate to meet the tasks, especially in the 
development of food crops. In such countries, 
the major problems deserving serious attention 
are: 

1. Institution building to provide the struc
ture and capability to conduct competent 
research. 

2. Generation of new technology or adap
tation of imported technology that can be 
introduced to replace traditional pro
duction systems. 

3. 	 Personnel requirements such as recruit
ment and training to build an indigenous 
high-caliber manpower to overcome the 
critical shortage of research personnel. 

4. 	 Adequate funding of national research 
programs by governments or other re
sponsible bodies, both with "it!onal funds 
and sufficient foreign exchange to cover 
purchase of equipment and other im
ported research facilities.

5. Technical assistance by donors in bilateral 
and multilateral projects.In 	order to tackle these problems and to 

improve the national research capability, the 
following measures are needed to form effec
tive research linkages: 

1. Effective coordination of the national ag
ricultural research and that undertaken on 
specified projects or commodities in re
search institutes, universities, and other 
agencies, including the private sector and 
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industry. Mixed farming is undertaken in 
the SAT area in Africa, and agricultural 
systems should encourage husbandry 
practices that art favorable to both crop 
and animal production. 

2. Linkages between national research 
systems and the international research 
institutions, especially those sponsored 
by the Consultative Group IARCs such as 
ICRISAT and IRRI. 

3. 	 Linkages with international donor agen-
cies, both bilateral and multilaterial. 

4. 	Strategies for generating support for ag-
ricultural research and programs at the 
national level. The programs need the 
support of bureaucrats and politicians to 
obtain adequate local funding. 

5. Development of programs aimed at 
technology transfer to farmers, which can 
be accomplished through 

" the conduct of on-farm trials and de-
monstrations; 

* 	 participation in commodity production 
campaigns; 

* 	complementary activities with exten-
sion institutions and farmers, 

" 	engagement of liaison officers at re-
search institutions to aid communica-
tions; 

" 	communications through informal 
channels by use of the media and formal 
methodsbymeansofscientificliterature 
reporting. 

6. 	 Provision of research components (funds 
and facilities) in defined-area develop-
ment projects as well as rural and land-
planning development schemes. Large 
tracts of the SAT in Africa are being re-
claimed and freed from onchocerciasis 
and other endemic diseases and pests. 
Links should be established with the ap-
propriate agencies to develop agricultural 
systems suited to these areas. 

Communication and Extension 

The linkages discussed under research apply 
also to the activities performed in communica-
tions and extension. The success of programs 
depends on the number of participant farmers. 
Linkages with farmers, adopter farmers, and 
farmer groups are therefore important in the 

processes of diffusion and transfer of technol
ogy. Such linkages should also establish a 
feedback system to benefit research. Training is 
an important component in the communication 
process, and training at differant levels should 
be organized at appropriate institutions for the 
personnel engaged in these activities. 

In most African countries, because of the 
absence of agrobtisiness, which is only now 
developing, it is necessary in implementing 
programs to arranga directly for the delivery of 
required inputs such as fertilizers, seed 
supplies, breeding stck., machinery, etc. In 
many cases, the personnel assigned to exten
sion or general agricultural duties are responsi
ble also for these assignments. Therefore, lin
kages with agencies engaged in supplies, and 
sometimes marketing and other support ser
vices, become important in extension activities. 

The Farmer 

The strongest linkage frcr farmers should be 
with the country's political machinery, in order 
to exert pressure for their needs to be satisfied. 
This assumes that farmers would develop lin
kages among theinselves by forming various 
groupings and associations, such as coopera
tives, to pursue their objections. Regrettably, 
farmers not only in the SAT region but through
out Africa have not used this means for much 
benefit. They have generally relied on the 
goodwill and good intentions of their govern
ments. The benefit of such linkages would be 
manifest in government support policies, for 
example, price policies; policies regulating 
demand/supply situations for commodities; 
priority assignment to commodity production 
campaigns and their funding, tax reliefs, etc. 

Farmers also need to forge linkages with 
agencies that serve their needs, for examDle, 
credit institutions; markets and devliery sys
tems that would provide the required facilities 

for marketing produce; and agencies dealing in 

input supplies and offering direct services to aid 
their production. 

Finally, farmers must link with institutions 
such as research and extension agencies; such 
linkages, as already discussed, are vital to the 
effective transfer of technology. 
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Summary of Panel Discussion - Session 7
 

A 	6-member panel, consisting of Drs. Joshi, 
Agble, Webster, Kane, Krantz, and Lipton, dis-
cussed the subject of linkages for the smooth 
transfer of technology, 

Moderator A. B. Joshi, in opening the dis-
cussion, stressed the importance of this ses-
sion, which would tie together all the preceding 
sessions of the symposium. 

It is not by technology alone, said Dr. Joshi, 
that the drylands can be lifted out of their 
present bleakness -the problems are also on 
the social, economic, and administrative 
planes. This does not mean, of course, that 
scientifir research or technological develop-
ment are unimportant; far from it. Research is 
the kingpin. 

But it is necessary to be in the field with the 
SAT farmer to appreciate his plight. Where, for 
instance, does he get a continuing supply of fuel 
in a land denuded of all vegetation? Where does 
he get credit to buy needed inputs? Even in a 
drought year, when he suffers crop losses, he 
must still make payments on his loan. Is it 
possible to provide the farmer with alternative 
sources of energy? To provide "soft" credit 
based on a 7-year or 10-year cycle, with repay-
ment to be made according to crop produc-
tivity? To set up some sort of crop insurance? 
Who should make the investment needed for all 
this development? 

Citing the example of Maharashtra Gtate, 
where only 10 to 11% of the farmland is irri-
gated, Dr. Joshi said that in the drought of 1972, 
the government spent Rs. 250 crores (U.S. $310 
million) in a single year on famire relief. Is it 
possible, he asked, instead of such stopgap 
measures, to find long-range solutions to these 
situations? 

Dr. Joshi asked the panel to consider these 
and related questions and invited all partici-
pants to describe any experiments that have 
successfully tackled these problems, 

Dr. Agble noted that on the African continent 
the transfer of technology is hindered by a lack 
of: 

* 	 institutions with the structure and capa-
bility for doing competent research and 
developing new technology, 

* 	 indigenous, trained, high-caliber re aarch 
personnel, 

• 	 adequate funding for national research 
programs, including foreign exchange for 
purchase of imported facilities, 

9 	 technical assistance by donors, both bi
lateral and multilateral, and, 

* 	 effective coordination of the national re
search program with specific projects at 
research institutes and universities. 

Dr. Agble emphasized that linkages with 
farmers and farm groups are important in the 
transfer of technology. Perhaps the greatest 
need is for linkages among the farmers them
selves and with the political machinery of the 
country -that is, a farmers' lobby that could 
exert pressure on government to meet farmers' 
needs in such areas as pricing policies, tax 
relief, and credit. 

Dr. Webster emphasized the need to close the 
gap between research and extension at the 
highest level, recommending that both work 
from the same campus. He cited the Nigerian 
and Brazilian examples as encouraging. Early 
specialization has wrecked the old agricultural 
generalist training, he said, and what we need is 
not a new breed of cat but a reversion to an 
older type. Dr. Webster also described the work 
of an FAO representative in Southeast Asia, who 
brings together in field workshops bureaucrats, 
administrators, farmers, sharecroppers, and 
landless laborers to appraise problems and 
present solutions. 

Dr. Krantz said that linkages should be consi
dered at all levels and involve international, 
national, state, and local agencies, and - most 
important of all - the farmer. Linkages across 
all these levels woulo solve many major 
problems in the transfer of technology; for 
example, communication. Involving farmer 
groups in planning would automatically pro
vide a feedback that would benefit research as 
well. It is not enough, Dr. Krantz said, to increase 
crop yields; it is also necessary to improve the 
income of the small farmer. 

Dr. Krantz pointed out that improved seed is 
one of the best vehicles for the transfer of 
technology; a new seed may require new plant
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ing times, depth of planting, fertilizer, and other 

;nputs that would vary with the locale - in 
short, it would encourage new management 
practices as well. 

On the question of funding, Dr. Krantz said 
that a surplus of labor, such as there is in India, 
can be an asset rather than a problem, for the 
laborers can, by improving the resource base, 
actually create capital. 

Dr. Lipton spoke on twc kinds of linkage 
problems in the transfer of technology: linkage 
between countries and, within each country, 
linkages between the research organizations 
and the local agencies that must deliver 
technology to the poorest. 

He gave four examples of linkages needed 
between countries: (1) Rural industry to man-
ufacture simple farm implements to mill and 
process farm outputs should be developed in 
some countries of Africa where these are practi-
cally unknown. (2) Technology clearing houses 
should be set up so that technolog',31 know-
how can be shared among the semi-arid coun-
tries. This would prevent both the importing of 
inappropriate equipment from developed 
countries - such as heavy moldboard plows 
for sandy soils-and unnecessary efforts to 
develop technology that already exists in other 
semi-arid areas. Similarly, a regional center for 
screening and breeding facilities could be set uP 
to develop new varieties for a number of small 
countries, especially in central and southern 
Africa. (3) In areas ofAfrica where land scarcity 
is just now becoming evident, techniques to 
integrate crop and cattle production need to be 
imported from more densely populated areas 
where such intensive land use has long been 
practiced. (4) Training should be instituted, 
especially in recently decolonized countries, to 
dispel the old myth that the small farmer is an 
inefficient farn.er, with low growth potential, 
and that the research worker always knows 
best. A basic training linkage is required with 
countries where this myth has been exploded, 

The second issue, Dr. Lipton said, is to link 
research activities to the local capacity to de-
liver research outputs to the poorest farmer. 
ICRISAT's record is excellent in this direction 
because its research is aimed at improving
"poor man's crops" and resists the temptation 

to cater to the "easy" big farmers or to stress 
maximum yield at the cost of stability. 

In cases where technology recommended by 

institutes such as ICRISAT is labor-displacing, 
though efficient, it is necessary to involve 
economists and sociologists as well as 
technologists in planning rcsearch projects so 
that possible consequences can be ,considered 
fmr the very start. Certain social decisions 
must be taken. It is within the purview of a 
research institute, Dr. Lipton said, to see how 
these decisions work in practice. For instance, if 
a new facility for milling or threshing is labor
displacing, could this facility be cooperatively 
owned by the people it displaces? Otherwise 
the cost of increased efficiency may be to 
further deprive a number of the very poorest 
people in the world. 

In his concluding remarks, Dr. Joshi stressed 
the needto haveastrong willtodo researchand 
adopt technology at the local level. He cited the 
example of an engineer in Poona who, working 
on his own, developed a 45-acre farm enough to 
obtain yield increases of threefold or fourfold, 
within a period of 3 years. This resulted in 
annual support for 15 persons. 

Dr. Dwai'akinath stressed the need for dealing 
with marketing problems of the farmers. He 
also suggested that international institutions 
like lCRISATshould bring together national and 
state-level policy makes and top scientists for 
intensive study of technology available for 
adapting to local situations. Middle-level scien
tists should have the opportunity to study at the 
international centers so that they can develop 
locally applicable technology and transfer it to 
the extension services. 

Mr. Melville stressed that the weakest linkage 
of all in the transfer of technology is between 
the extension worker and the farmer. One of the 
factors contributing to this weakness is the lack 
of funds to pay extension staff and provide 
support (and transport) for trials and face-to
face contact with farmers. He stressed the need 
to make the farm unit profitable, growing both 
food crops and cash crops; this will result in 
additional employment, shops, trade, trans
port, and industry in rural areas. However, 
increased production of a crop must have an 
assured market facility with a profit to the 
producer; otherwise, future suggestions for 
innovation will not be readily accepted. 

Dr. N. D. Patil discussed the success obtained 
in the Integrated Development Project at 
Sholapur, which involves working with farmers 
in the fields and identifying the farm problems 
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with them. Crops are now being grown in more 
seasons of the year and increased livestock 
utilization for milk has greatly increased farm 
income. 

Dr. S. S. Khanna described the successful 
transfer of technology in Haryana State, result-
ing in a twofold increase in food grain pro-
duction. Close linkages have been developed 
between farmers, extension staff, and univer
sity personnel who are deeply involved in the 
rural development program. 

Dr. Khanna stressed that rural women should 
also be a main target group, as home develop
ment chiefly depends on them. He also 
suggested that rural youth and university 
students should be actively involved in the 
transfer of technology. Dr. Joshi pointed out 
that women are major der-ision-makers in the 
rural community. 

Dr. N. D. Desai said that the training and visits 
systems was an effective way to strengthen the 
presently weak extension link in the transfer of 
technology. 

Mr. Russell cited examples of appropriate 
technology to suit local conditions. Ox-power is 
appropriate for South Asia, he said, but tractors 
may be more practical for Africa. Land-locked 
countries such as Sudan, Malawi, and Zambia, 
have problems transporting imported fertilizer; 
hence, instead of using chemical fertilizers, 
these countries should emphasize work on 
nitrogen fixation and recycling organic wastes. 
In India, forestry to save animal waste for use on 
land is important. For developing linkages, 
on-farm trials, adaptive research, and the train
ing and visits extension system would be as 
appropriate for Africa as they are for India. 

Dr. Blumenschein suggested that the function 
of research extension, anc the farmer must 
overlap and interact. The economics of the 
potential results should be obtained and pre
sented to the administrators as a package for 
research and development. In Brazil, the 
philosophy is that research work should be 20% 
extension, extension work 20% research, and 
the training of farmers 20% extension and 20% 
research. 

Dr. Krishnamurthy made two observations: 
1. 	Women are often more invo!ved In3qricul

ture than men and hence there is great 
need to train rural women in various 
aspects of agricultural production, proces
sing, and storage, as well as in social 

aspPcts of rural life. 
2. 	 There is a need for agro-based industries 

to be organized so that rural areas develop 
through better marketing, utilization, and 
processing of farm produce. This would, 
encourage rural youth on the farm instead 
of migrating to urban areas in search of 
work. 
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Plenary Session
 

Chairman: William T. Mashler Rapporteur: H. L. Thompson 
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Plenary Session
 

Dr. Bentley introduced the Chairman forthe session, William T.Mashler, Senior Director 
of the UNDP's Division for Global and Interregional Projects. Dr. Bentley recalled Mr. 
Mashler's support of ICRISA T from its very beginnings and praised him as a farsighted 
administrator and friend of the international centers. 

Mr. Mashler said that the IARCs represc-it one of the best international efforts ever 
made to improve agriculture around the globe. He said that one reason the centers have 
been able to accomplish so much is that they have steered clear ofpolitics and kept in 
view their original purpose, giving the scientists the freedom to do their work. 

Mr. Mashler then called on the rapporteurs to give their summaries of the seven 
preceding sessions. (These reports are incorporatedin discussions in each s, 'tion ofthis 
book). 

The Chairman of the symposium, Dr. J. S. Kanwar, then thanked all the participants 
and summarized the findings of the symposium. 

Chairman's Summary 

J. S. Kanwar 

Rainfed agriculture in the semi-arid tropics is 
fraught with uncertainties and risks, and the 
development of technology suited specifically 
to these conditions is relatively recent. In or-
ganizing this symposium, we at ICRISAT 
attempted to focus attention on all important 
aspects of this vital, but hitherto neglected, area 
of agriculture, 

The main objectives of this symposium were: 
" 	to appraise the efforts of ICRISAT and its 

cooperators in developing technology 
relevant to small farmers of the SAT; 

" 	to discuss philosophical, technical, and 
practical aspects of transferring such tech-
nology; 

* 	 to share experience in the transfer of 
technology; 

* 	 to explore the interphase between re-
search and development and find ways to 
bridge this gap; and 

* 	 tostudywaysofforgingandstrengthening 
linkages for smooth transfer of technology. 

The general theme was what is relevant and 
excellent in technology and how it can be 
transferred. Although no formal recommen-
dations were made by this symposium, several 

important points have emerged clearly from the 
papers and discussions. I will try to summarize 
these. 

Generation and Development 
of Technology 

It is the sense of this symposium that, because 
of the great risk involved in rainfed SAT farm
ing, technology will be transferable only if it is 
low cost, high paying, and properly suited to the 
physical and social environment. The ICRISAT 
approach towards increasing yields -by at
tacking yield reducers such as pests, patho
gens, and drought -appears sound strategy 
that will probably make a major contribution to 
reducing the risks of semi-arid farming. The 
development of technological options rather 
than a single package of practices is also to be 
recommended. Technological advance cannot 
be divorced from socioeconomic consider
ations. Thus, though the watershed manage
ment system developed at ICRISAT holds great 
promise for improving production while con
serving scarce resources, it will need to be 
adapted to widely varying social and economic 
conditions. 

The Economics Program has already broken 
new ground in studying the setting in which the 
technology is to be used. It would be valuable to 
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have further studies that provide data to guide 
planners in formulating long-range investment 
policies, for governments must consider not 
only the cost-benefit relations of technology for 
individuals but the cost of social justice. For 
instance, governments spend vast sums of 
emergency drought and famine relief, but little 
information is available on potential costs and 
benefits of programs to avert or alleviate the 
effects of such disasters. Strategies based on 
long-term resource management-oriented 
plans for mitigating the effect of such calamities 
instead of emergency plans for famine relief 'ire 
advocated. 

Principles, Practice, 
and Problems in the Transfer 
of Technology 

An important distinc~icz exists between trans-
fer of technology (horzontally, from one ex-
periment station to dnother or from interna-
tional to national programs) and the diffusion of 
innovations (verti.ally, from research station to 
farmers' fields). An international institute such 
as ICRISAT can develop concepts and 
methodologies for transfer and can facilitate 
exchange of materials and techniques. But only 
national and local agencies can adapt these to 
suit particular needs and conditions. 

A wide network of research should be estab-
lished to cover the whole range of environ-
ments in which research results must be 
applied. Climatological and soil data should be 
used to select such benchmark locations, and 
areas should be defined for testing in real-world 
settings such promising technology as 
ICRISAT's double cropping of deep versitols. 

Seed-based technology - high-yielding vari-
eties, for example - is far easier to transfer 
than site-specific farming systems or manage-
ment practices. An important consideration in 
transferring complex technology is that farmers 
may not be ready or able to take an entire 
package. However, they may adopt a single 
component, and payoffs from that might induce 
adoption of other components. 

Experience with Transfer 
of Technology 

A critical appraisal of the experience of various 

SAT countries reveals that, despite promising 
beginnings in several countries, problems are 
overwhelming and examples of practices actu
ally adopted are few. Transfer of technology in 
SAT areas is far more difficult than in irrigated 
or assured rainfall areas. This difficulty is com
pounded by the inadequacy of infrastructural 
support facilities such as credit, inputs, storage, 
and marketing, and by the weakness of exten
sion agencies. 

Farmers are not interested in marginal yield 
or profit increases. What is needed is a spec
tacular quantum jump in production, together 
with vastly improved facilities to help turn that 
production into profits. 

Interphase Between Research 
and Development 

Eoth international and national agencies have a 
role to play in developing research programs 
relevant to the needs of the small SAT farmer. 
To benefit from the work of the IARCb, national 
programs must be capable of and willing to 
receive and adapt the researcn results. This 
capability must be strengthened, and such 
agencies as the lADS and ISNAR can provide a 
valuable service in doing so. 

Attention should be focused on policy issues, 
which are as important as the agricultural re
search itself, and national programs should 
strive to create government commitment to the 
cause of the small farmer. Most urgently 
needed are special provisions to overcome 
institutional bias against small farmers as well 
as ensure timely supply of quality seed and 
fertilizer, manufacture of suitable tools, market
ing and credit-pricing structure for sale of pro
di:ce, and training of local scientistsand agents. 

Linkages 

Even the most promising technology remains 
merely academic unless its results can be put to 
use by the farmer. Often research scientists, 
extension agents, and policy makers function 
more or less in isolation from one another and 

from the farmer. A coordinated, multidiscipli
nary effort is essential to link all of them into a 

smoothly functioning network. Although this is 
primarily the task of the national programs, the 
IARCs, which have established excellent links 

284 



with their cooperators, may play a role in 
identifying weak links and suggesting means of 
strengthening them. Within national programs, 
it is vital to enable research, extension, and 
farmer to work together. It is also important to 
ensure that mechanization for improved ef
ficiency does not displace labor but creates 
employment. The IARCs could also h .p estab
lish linkages between SAT countries, which 
could benefit from one another's experience 
and avoid duplication of effort in developing 
suitable technology. 

To sum up, ICRISAT and its cooperating 
national research organizations are fully com
mitted to developing appropriate technology 
for the SAT; its transfer to the farmers, how
ever, will be determined by the strength or 
weakness of the national research and exten
sion agencies and the links between them. 
Despite the difficulty of the task, it can be 
accomplished if there is a cooperative effort and 
political will. We have a long way to go, but this 
symposium has indicated the direction we must 
take. 
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R6sum s des Communications
 

Session d'Ouverture
 

Un Apwrqu sur In Recherche a I'ICRISAT
 

J. S. Kanwar
 

Se rendant compte de I'urgence qu'iI y avait a amdliorer le bien-6tre des paysans des zones
tropicales semi-arides, et a combler le fosse entre la production et la demande alimentaires, leGroupe Consultatif pour la Recherche Agricole Internationale (CGIAR) crda I'ICRISAT en 1972.
L'lnstitut ddtient une responsabilite globale dans la recherche pour I'amelioration du sorgho, du mil,du pois chiche, du pois d'Angole et de I'arachide. IIdetient 6galement un mandat special pour larecherche de systemes de cultures, de freins socio-economiques, et du transfert de la technologie
pour les zones tropicales semi-arides a saison seche, en vue de favoriser une percee dans la
production agricole de la region.

L'ICRISAT a etabli une banque de genes de 48.000 accessions et 6changd plus de 250.000 paquetsde graines avec les chercheurs dans 67 pays. L'ICRISAT s'efforce d'amoliorer le potentiel et la
stabilitd du rendement des recoltes, tout en maintenant une bonne qualitd nutritive, et de mettre aupoint des concepts et des pratiques permettant d'optimiser [a production et d'accroitre les revenusdes pa.ysans. Nos chercheurs travaillent en cooperation avec les chercheurs nationaux en Asie,
Afriqut ei Amerique du Sud afin de mettre au point et diffuser une technologie plus efficace et plusremun,.ratrice destinde a changer sensiblement la production alimentaire des zones tropicales
semi-arides. 

Session 2 : Los Recherches do I'ICRISAT pour

Ia Miso au Point d'une Technologie pour


los Zones Ti ipicales Semi-arides
 

La Technologle de Recherche pour I'Am*1ioratlon des Cultures 
dens los Zones Tropicales Semi-arides : Les Cordmies 

J. C. Davies 
Les principales cdreales qui intdressent I'ICRISAT sont le sorgho et le mil, qui se placent
respectivement au quatrieme et cinquieme rang de la production mondiale des cdreales. Elles sont
cultivdes sur de vastes 6tendues des zones tropicales semi-arides en tant que cultures vivriere! debase car elles sont assez tolerantes a la socheresse. Elles ont une faible valeur mondtaire et sonthabituellement cultivdes comme cultures de sLbsistance dans des situations oU I'agriculture est 
pauvre; elles ne peuvent donc rentabiliser des apports importants de produits chimiques ou destechnologies co teuses. Le Programme sur les CUrdales a I'ICRISAT a6td 6tabli en gardant a I'esprit
res considerations. La recherche dans toutes les disciplines s'est concentree sur la production de semences poss~dant les caractdristiques necessaires pour aider a diminuer l'impact des facteursmajeurs de la baisse de rendement: secheresse, insectes nuisibles, maladies et herbes parasitaires.D'importants progrds ont M rO-,:ov ians le domaine du criblage et de la selection pour laresistance a ces facteurs. Bon nonibre de ces techniques sont doja largement utilisdes en Inde et en 
,6,frique. 
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La Technologie do Recherche pour I'AmIloratlon des Ldgumineuses 

dens les Zones Tropicales Semi-arides 

J. M. Green 

Les lgumineuses, avec lurs exigences nutritives plus importantes que les cdreales, mais leurs 

reponses peu marquees, aux apports d'engrais, presentent de sdrieuses difficultes aux chercheurs 

qui tentent d'augmenter la production. On a obtenu des rdsultats prometteurs dans l'accroissement 

du rendement des pois d'Angole en se servant d'hybrides, et dans celui des pois chiches en 

modifiant le type de la plante, ainsi qcue dans la stabilite du rendement pour les deux plantes, en 

incorporant une resistance gdndtique aux maladies. Des innovations en agronomie font espdrer un 

accroissement de production en dehors des systemes traditionnels. 

La Technologle do Recherche pour I'Am6lloration do I'Arachide 

dans les Zones Tropicales Semi-arides 

R. W. Gibbons 

Les arachides sont I'une des ldgumineuses les plus importantes des zones tropicales semi-arides et 

sont utilisdes comme aliment, huile de cuisine, ou source de revenus en especes.Les rendements, 

cependont, sont faibles dans ces zones, a cause principalement des pertes dues aux parasites, aux 

maladies et aux repartitions imprdvisibles des pluies. L'objectif principal du programme est de 

produire un materiel s~lect'unnd de haut rendement avec une resistance stable aux principaux 

pathogenes qui comprennent, entre autres, la rouille, les taches folielire, et I'Aspergillusflavus. Les 

virus et les parasites sont la cause d'importantes reductions dans le rendement et des sources de 

resistance sont en cours de recherche. Des programmes de selection Agrande dchelle sont en cours 

et des populations en s6gregation a des stades prdcoces et avancds sont distribudes aux 

selectionneurs nationa ux coop6rants. Des efforts sont faits pour amdliorer la capacitd de fixation do 

l'azote des arachides. La culture associde des arachides avec le mil procure des avantages de 

rendement. Les especes Arachis sauvages sont exploitdes en tant que sources de genes utiles. 

La Recherche et InTechnologie sur Ies Systemes do Culture 

dans les Zones Tropicales Semi-arides 

Jacob Kampen 

La recherche sur les systemes de culture a I'ICRISAT contribue a amdliorer la qualitd de la vie dans 

les zones tropicales semi-arides par l'intermddiaire d'efforts interdisciplinaires et coopdratifs 

destines i amdliorer l'utilisation des ressources naturelles, humaines et en capital. IIa dtdtrouvd que 

le semis en sec sur les Vertisols donne de bons rdsultats, 16 oO l'on peut compter sur les pluies 

prdcoces; que l'introduction de porte-outils se traduit par un meilleur respect du calendrier cultural 

et une efficacitd accrue dans l'utilisation des anrmux de trait; que le systbme de planches larges et 

de sillons permet de maitriser 'eau excedentaire et facilite les opbrations de culture; que la culture 

double sur les Vertisols semble prometteuse; que la culture intercalaire augmente globalement les 

rendements de faqon substantielle sur les Vertisols et les Alfisols; qu'une maitrise efficace des 
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mauvaises herbes peut 6tre atteinte grace a I'integration de moyens mecaniques, biologiques et 
chimiques. L'utilisation rationnelle des ressources et I'amenagement dans le cadre de bassins 
versants contribuent a augmenter et a stabiliser les rendements; I'effet combine des differents 
facteurs de production appliques globalement, depasse de loin l'effet total de ces facteurs appliques 
separement; et les systemes de culture ameliores experimentes en bassir4s versants a une dchelle 
operationnelle, se traduisent regulierement par des augmentations de trois a cinq fois des 
productivites en saison des pluies. Des etudes realisees dans les exploitations agricoles ont debute 
avec pour objectif de faire participer les paysans a la mise au point d'une technologie appropriee et 
de definir des formes efficaces d'action de groupe. 

Los Contraintes Socio-economiques dans les Zones Tropicales Semi-arldes at 

I'Approche Proposde par I'ICRISAT 

James G. Ryan et Hans P. Binswanger 

Cette communication traite de la fa;on dont les freins socio-economiques au developpement de 
I'agriculture sont evalues a I'ICRISAT dans le but de mieux definir les priorites de la recherche dans 
un sens ex-ante et aussi de perfectionner I'efficacite avec laquelle de nouvelles technologies sont 
"vendues" aux paysans, apres leur mise au point. Les contraintes etudiees comprennent les 
variations de densite de la population, I'heterogeneite des ressources naturelles dans les zones 
tropicales semi-a rides, le role du risque dans la decision du paysar, les organismes de commerciali
sation, les besoins humains fondamentaux et enfin, les preoccupations d'efficacite et d'equite dans 
la reparti ion des moyens de recherche. 

Session 3 : Le Transfert de la Technologie
 
Agricole
 

Les Problmes et les Concepts du Transfert de I'Agrotechnologie dans les Pays
 

Tropicaux 

L. D. Swindale 

Le transfert de I'agrotechnologie entre les pays ou entre les regions a l'interieur des pays, comporte 
des contraintes et des problemes qui s'ajoutent a ceux associes a la diffusion des innovations. Les 
contraintes de la specificite locale, I'applicabilite de la technologie transferee, les contraintes 
sociales, economiques et institutionnelles doivent toutes 6tre reconnues et conceptualisees. 

La technologie centree sur les semences ameliorees comporte le moins de contraintes eta ete le 
moyen principal pour le transfert de I'agrotechnologie. Les nouvelles techniques d'amenagement 
du sol ou de systemes de cultures sont plus difficiles a transferer. L'element essentiel est la zonation 
du milieu, par I'utilisation de classifications pedologique ou climatique. 

Une recherche agricole competente au niveau national constitue un autre element essentiel. Les 
centres internationaux de recherche agricole aident a la recherche necessaire au transfert, a la prise 
de conscience de l'existence de la technologie et a son acceptation. 
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Los Analogues Agroclimatiques dans le Transfort do la Technologle
 

Henry Nix
 

Les concepts et les methodes de base se rapportant a la clabsification agroclimatique et a I'analyse 
des zones climatiques homologues sont passes en revue et discutds. Les raisons de la lenteur dans 
la mise au point, I'expdrimentation et I'application des methodes d'analyse agroclimatiques sont 
explordes et d'autres approches possibles sont examinees. Cet examen porte sur les concepts 
d'ensemble minimum de donnees, la definition de reseaux experimentaux optimaux, la mise en 
oeuvre de systemes dynamiques d'interactions pour I'analyse et la synthese des relations 
culture-climat a differentes 6chelles de temps. 

Les Organisations do Recherche et do Transfert do la Technologie 

Frederick E. Hutchiinson 

La recherche destinde a mettre au point des technologies qui puissent dtre transfdrees de faqon 
appropride aux petites exploitations des pays en voie de ddveloppement, est essentielle au succes 
du developpement de I'agriculture. Le Congres des Etats-Unis a stipule que les futurs programmes 
de ddveloppement de I'agr'culture finances par I'assistance amdricaine a I'dtranger, auraient a 
mettre I'accent sur le transfert de technologie appropriee aux petites exploitations. Dans le passe, les 
organisations amdricaines travaillant au developpement trouverent difficile de coordonner leurs 
efforts afin de rendre maximum leur efficacitd, mais elles sont maintenant tenues de le faire en 
fonction de I'Article XII de la loi d'assistance a I'dtranger de 1975. Cette loi fait participer universitds 
agricoles, agences federales et organisations privdes a des programmes de recherche lies aux 
strategies de developpement de I'agriculture. IIest discutd des elements clef propres a crder et a 
maintenir cet effort de cooperation. 

Approche Climatique pour un Transfert do la Technologie
 
des Systdmes de Cultures dans les Zonus Tropicales Semi-arki(es
 

S. M. Virmani 

Les rendements des cultures en zones tropicales semi-arides sont faibles en raison des variations, 
temporelles et spatiales, de la pluviometrie. Ces regions sont caractdrisdes par un besoin climatique 
en eau dlevd, et la pluviomstrie n'excede I'6vapotranspiration que pendant 2 a 4 mois et demi par an. 
En raison de la large repartition spatiale des ressources naturelles, il existe une forte spscificite de 
'emplacement en termes de ressources en eau pendant la saison de culture. Quelques techniques 
employees pour la quantification de [a repartition de la pluviosite et de la disponibilitd de I'eau du 
sol en relation avec les besoins en eau des cultures, sont decrites. Des exemples de I'applicabilitd des 
analyses agroclimatologiques pour le transfert de technologie en matiere de systemes de cultures 
sont discutds. 
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Etudes sur Sols Reprdsentatifs : un Moyen do Transfort de I'Agrotechnologie 

Tejpal S. Gill 

Une etude sur sols representatifs constitue un effort de cooperation de personnes travaillant avec 
des mothodes uniformisdes de recherche agronomique sur des sols bien dsfinis qui appartiennenta
la m(me categorie. IIs'agit, par definition, d'un reseau. La recherche effectuee sur sols reprdsen
tatifs aboutit a des resultats a diffuser parmi les divers sites d'experimentation, et aux agri
culteurs exploitant les memes sols. Les resultats experimentaux obtenus dans un pays peuvent
6tre appliques aux sols de la meme famille dans un autre pays. A mesure que I'information s'accroit,il sera possible de perfectionner un modele de transfert de technologie base sur I'interprdtation des 
sols, et leur classification. Un rdseau international de sites reprdsentatifs est deja en operation a
Hawaii, a Puerto Rico, au Brdsil et aux Philippines; il peut 6tre 6largi a I'6chelle mondiale pour
accroitre la production de cultures vivriores avec I'aide des centres de recherche internationaux et de
leurs programmes de cooperation ainsi que des projets de recherche agronomique conduits par les 
programmes nationaux a de nombreux emplacements dans chaque pays. 

Amdnagement do Bassins Versants at Transfert do Technologie 

dans les Zones Tropicales Semi-arides 

Jacob Kampen 

De frequentes chutes dans la production alimentaire et une deterioration dans la capacite productive
du milieu, sont devenues communes dans bon nombre des regions des zones tropicales
semi-arides. La mise en valeur des ressources naturelles dans le cadre de bassins versants, quiimplique une utilisation optimum de I'eau de pluie grce a une meilleure utilisation de I'eau, du sol et
des cultures, detient le potentiel necessaire pour contribuer de maniere significative a accroitre la
production et conserver les ressources naturelles. La mise au point d'une technologie amelioree
d'amenagement de bassins versants, qui soit adaptoe aux besoins des paysans, est une tche
longue et compl exe; toutes les utilisations de la terre, y compris les prairies et les forts, doivent dtre
prises en consideration. Dans la poursuite d'un developpement agricole reussi, la responsabilfte de 
I'ICRISAT consiste en la mise au point de methodes ameliorees de recherche, en des investigations
cooperatives centrees sur la recherche d'operation, en I'integration de nouvelles technologies, et en 
des programmes de formation. 

Etudes au Niveau des Villages Considdrdes comme Bases pour 

I'Adaptation do la Recherche at do la Technologie 

Hans P. Binswanger at James G. Ryan 

IIest discute en premier lieu dans cet article, de plusieurs traditions d'enquttes socio-economiques en 
Inde. IIest demontre par la suite, comment I'etude au niveau des villages (VLS) de I'ICRISAT combine
d'une maniere nouvelle plusieurs des caracteristiques propres aux traditions anterieures. Les buts,
la portee, et les resultats de cette phase d'observation socio-economique des VLS sont discutes par la
suite, suivis par une description des recherches en cours et de la phase d'adaptation des etudes. Les 
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VLS sont considdrdes comme bases pour de nombreux types diffdrents d'enqudtes socio
dconomiques, pour la mise au point d'une technologie adaptde et pour diverses recherches. Elles 
s'efforcent de fournir une approche allant du niveau des paysans a la mise au point de technologies a 
l'ICRISAT. 

Session 4 : Los Programmes de Coopdration de 

rlCRISAT pour le Transfort do la Tochnologie 

Vue d'Ensemble sur les Programmes Coopdratifs do lCRISAT 

R. C. McGinnis et C. Charrenu 

Un des buts principaux des programmes de cooperation de I'CRISAT est de renforcer les efforts 
nationaux de recherches, sans pour autant faire double emploi avec eux ou les concurrencer. 
L'Institut dchange du materiel vegetal avec plus de 40 pays cooperants; il aide a former le personnel 
de recherche; il organise des seminaires internationaux ainsi que des journdos d'dtude pour 
promouvoir I'interaction scientifique; il fournit une assistance technique adaptde aux besoins 
particuliers de chaque pays. C'est en Afrique - 66% de la zone tropicale semi-aride du monde 
que les programmes de cooperation ont bendficid d'une haute priorito; des progres satisfaisants 
ont dtd realisds a la fois dans le domaine de [a recherche et dans celui de la formation. En Inde, un 
excellent systome de transfert a double sens a dtd dtabli. Des programmes de cooperation ont 
6galement dre dtablis dans d'autres pays d'Asie, de mdme qu'en Amerique Centrale et du Sud, une 
expansion ulterieure est envisagde, en conformitd avec la responsabilitd internationale croissante 
de l'ICRISAT. 

Le Programme do Coop6ration do rlCPISAT on Haute-Volta 

W. A. Stoop ot C. M. Pattanayak 

Au cours de ces dernieres anndes, la secheresse a 6td frequente en Haute-Volta, causant de faibles 
rendements et un serieux deficit dans les productions de graines alimentaires. Les donndes de la 
recherche indiquent que, malgrO cette secheresse, des rendements plus elevds devraient tre 
possibles. Cet article tente d'analyser pourquoi de tels rendements n'ont pas dtd rdalisds, puis 
d'indiquer les moyens par lesquels le programme de I'ICRISAT en Haute-Volta pourra contribuer a 
amdliorer cette situation. 

G6nration et Transfort do Tochnologle aux Amdriques 

Leland R. House 

Les activitds de I'ICRISAT aux Amdriques ont concerne d'abord le sorgho, et dans une moindre 
mesure, le mil a chandelles, I'arachide, le pois chiche et le pois d'Angole. Les chercheurs travaillant a 
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ces differents programmes d'amelioration des plantes ont suivi de pres I'6volution de ces 
programmes en Amerique Centrale et du Sud grace 6 des visites personnelles et des dchanges 
d'information et de materiel vegetal avec les chercheurs locaux. L'ICRISAT a un selectionneur 
sorgho en posteau CIMMYT, au Mexique, travaillant principalement sur l'amelioration du sorgho de 
haute altitude. II y a eu un enorme accroissement de la production du sorgho au cours de ces 
dernieres anndes en Amerique latine, principalement au Mexique, en Argentine et au Brdsil. Le 
sorgho est utilis6 principalement comme nourriture pour les animaux dans ces pays, eta contribue 
indirectement a la production alimentaire en rendant disponible une plus grande quantite de la 
cdrdale de base, le mats, pour la consommation humaine. Mais le sorgho est aussi utilisd comme 
nourriture importante pour les humains au Honduras, au Guatemala, a El Salvador et au Nicaragua
ainsi que dans bon nombre d'autres pays qui manifestent un intdrot croissant pour cette plante en 
tant que culture vivriere. Les priorites pour l'amelioration du sorgho en Amerique Centrale et du Sud 
prennent en compte la necessitd de selectionner les varidtes en vue de leur utilisation comme 
culture intercalaire avec le b16 et les haricots, telle qu'elle est pratiquee par les paysans plus pauvres;
elles prennent aussi en compte la necessito de cribler les varietes pour Ia resistance aux importants
parasites et maladies que l'on trouve dans ces pays, et celle d'intensifier la formation des chercheurs 
en Amerique latine ainsi qua les ochanges d'informations avec eux. 

La Formation a I'ICRISAT 

D. L. Oswalt et A. S. Murthy 

Bourses internationales, programmes de formation universitaire et de chercheurs debutants, 
recyclage professionnel et contrats d'apprentissage constituent, au Centre ICRISAT, autE it de 
possibilites offertes aux stagiaires pour developper leur competence professionnelle et leur 
experience pratique. Ces programmes de formation permettent d'dtablir des liens entre les 
programmes nationaux, regionaux et internationaux de recherche et de ddveloppement, d'une part, 
et les facilites de recherche et I'expertise scientifique disponibles a I'ICRISAT, d'autre part. Conqus
de faqon a convenir a des participants d'origines et d'experiences diverses, les programmes 
permettent a chaque individu de suivre un programme d'etudes personnaliso, adaptd d'aussi pros 
que possible a ses capacit4s et aux besoins exprimds par l'organisation qui le commandite. La dur~e 
des stages de formation est de quelques semaines a deux ans. Apres le depart des anc!ens 
stagiaires, un programme de suivi permet de maintenir le contact avec eux, de les informer des 
progres de la rechercte et d'etre tenu au courant de leurs activitss et progres. 

Session 5 : Phase Interm~diaire entre la
 
Recherche et le Ddveloppement
 

L'Aptitude d'un Programme de Recherche a Ropondre aux Bsoins 
des Petits Paysans dans les Zones Tropicales Semi-arides 

Sir John Crawford 

Pour qu'un programme de recherche puisse pleinement repondre aux besoins des petits paysans, il
 
Joit proposer une nouvelle technologie susceptible d'apporter une amelioration significative. Mais
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cela ne suffit pas : il faut en outre une infrastructure fournissant des services dans des conditions 
telles que les gains escomptds puissent dtre effectivement rdalisds. La neutralitd des techniques 

mises en euvre par rapport a la taille des exploitations est peut-Otre une condition necessaire; mais 

elle reste insuffisante sans la distribution impartiale des services a I'dgard des grands comme des 

petits paysans. 

Le R6le des Instituts Internationeux 

Ralph W. Cummings 

Le Groupe Consultatif pour la Recherche Agricole Internationale (CGIAR) fournit les moyens de 

travail a 13 instituts internationaux dont la fonction essentielle est la recherche en agriculture. La 

mise en oeuvre pratique des rdsultats de cette recherche est normalement la tache des agences 

nationales et locales; les instituts, toutefois, ont la responsabilitd de detecter et amdnager des 

interfaces ou domaines d'dchanges avec les agences nationales de fagon a garantir, dans de bonnes 

conditions, la mise a I'dpreuve, sur une vaste dchelle, des innovations technologiques potentielles et 

l'observation d'effets rstroactifs, positifs ou ndgatifs, fiables. Ceci a dejA Otd abord6 dans bien des 
important vers un renforcement descas. L'etablissement de I'ISNAR en 1978 est un pas 

programmes de recherche nationaux, ce qui, en dchange, rehaussera I'efficacit6 et l'utilitd des 

instituts internationaux et contribuera agarantir qu'il n'y ait aucune rupture dens la chalne allant de 

la decouverte de la connaissance jusqu'a son application finale sur le terrain. 

Lo R61oe des Programmes Nationaux pour Lier Ia Recherche au Ddveloppement 

M. S. Swaminathan 

Une base dynamique ae rechercie nationale est essentielle au lancement et a l'entretien d'un 

programme de ddveloppement agricole visant au triple objectif de I'alimentation, du revenu et des 
une exploitation L.Js ressources disponibles. Si les instituts internationauxemplois accrus par 

peuvent servir de catalyseurs au changement seul un programme national solide pourrait assurer 

un progrs soutenu. La recherche localis - pour but de developper, pour chaque systeme de 

production, une technologie dconconiquL. it viable P.t son impact eventuel devrait Ltre dvalue afin 
d'dviter les probl~mes nouveaux et inattendus associLs aux ravagpurs, aux maladies et au sol. A 

a 25% du potentielI'heure actuelle en lrde, les rendements reels des paysans sont infdrieurs 
disponible malgre le present niveau de la technologie. La tache immediate est donc, pour les 

agences de recherche, de vulgarisation et de developpement, de coopdrer dans un effort pour 

combler le fosse entre les rendements potentiels et resels. 

Le Role de I'ISNAR dans Is Transfert do Technologle 

Klaus J. Lampe 

L'ISNAR (Service International pour la Recher ," Agricole Nationale) est le dernier rn de la famille 

des organisations patronndes par le CGIAR dans ses efforts pour amdliorer la production agricole 
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dans les pays en developpement. A la difference des centres de recherche internationaux, I'ISNARest une organisation de services; if completera les activitds des autres programm.-. et instituts.
Sa mission premiere est de renforcer les capacitds de recherche agricole des pays en ddveloppe
ment. IIservira de mAcanismede liaison entre les centres internationaux de recherche agricole et lesinstitutions nationales, d'intermddiaire entre les partenaires interesses a promrouvoir une coopera
tion bilaterale en recherche agricole et de lien pour garantir que la recherche, destinee 8 un groupede pc ulations donne, atteindra - par l'intermediaire d'un service de vulgarisation efficace  la
population rurale des pays qui feront appel a I'assistance de I'ISNAR. 

Le Role des Programmes do I'IADS dons le Transfert do Technologie 

D. S. Athwal 

L'IADS (Service International de Developpement Agricole) fut 6tabli en 1975 pour fournir des
services demandes par les pays en developpement en vue de concevoir, organiser at renforcer lesinstitutions de recherche et de developpement en agriculture. L'IADS encourage la cooperation
entre les agences d'assistance, et aide a integrer les ressources pour appuyer les efforts nationaux.
Actuellement, les trois quarts des activites de I'IADS sont des services directs pour aider plus de 12 pays enAsie, enAfrique et enAmorique latine, a planifieret rdaliser leurs programmes de recherche.
D'autres activitLs concernent la formation de chefs et de gestionnaires, la preparation d'unelitterature orientee vers le developpement et la liaison avec les agences d'assistance et lesinstitutions des pays en developpemert. Alors que I'accent, jusqu'a ce jour, a 6td mis sur le travail 
avec des systhmes de recherche nationaux, I'IADS est maintenant prdt 8 participer a des projets plus
orientes vers le dveloppement en accord avec son mandat initial. 

L'lntdgration Agriculture-Elevage dans les Zones Tropicales Semi-arides 

D. J. Pratt et C. Do Haan 

Dans cette communication, on a essayd d'isoler quelques-unes des interactions qui existent entre
I'dievage et I'agriculture dans les zones semi-arides, et de discuter quelques-unes des tendances quiaffectent ces interactions. On peut s'attendre cea que davantage de systemes de production
integrds voient lejour, grce a un ensemble de mesures politiques et administratives, ainsi qu'a desinnovations biologiques qui viseront essentiellement A accroitre, en qualitd et en quantitd, la
nourriture du betail en saison seche. La recherche sur systernes, propre A I'ILCA, suggere que la
methode d'attaque des problemes de dttveloppement aura besoin de combiner un bon nombre decomposantes pour 6tre couronnde de succes. De par la nature m~me des systemes de production, il se peut que I'eL6ment cI pour ameliorer la production de I'6levage consiste en actions destinees aaccroitre le rendement des cultures de subsistance (mdme quand ces cultures n'ont pas d'intdrdt
direct pour le botail); de la m~me maniere, une manipulation a l'interieur de la composante
"elevage" peut fournir les moyens d'ameliorer la production des cultures. 
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Session 6 : Les Expdriences dans les Zones 
Tropicalee Semi-arides 

Los Expdriences Indiennes dons les Zones Tropicales Semi-arides 

Perspectives et R6trospectives 

N. S. Randhawa et J. Venkateswarlu 

En Inde, environ 75% des terres cultivdes - fournissant 42% de la production alimentaire totale

sont cultivdes sous pluie. Mdme aprs une utilisation complete des ressources en eau, er,'iiron 50% 

des terres continueront A dependre des pluies. Les niveaux de rendement en culture seche 

continuent a se situer autour de 0,5 tiha, malgrd 13s efforts de recherche antdrieurs sur les systemes 

de culture sous pluie dans les annes trente, puis a nouveau dans les anndes cinquante. L'apparition 

nouveau materiel vgdtal au milieu des anndes soixante fit espdrer une amelioration de lade 
production agricole en culture seche. Le projet national sur I'agriculture sous pluie, avec ses 23 

centres regionaux, fut lanc6 en 1970. Les centres de cooperation ont engendrd un nouvel ensemble 

de techniques permettant d'augmenter de 250 a 400% les rendements potentiels dans les stations 

expdrimentales agricoles. La mise AI'dpreuve de cette technologie dans les exploitations agricoles, 

sur de vastes zones pilotes a I'6chelle opdrationnelle, a fourri rdgulibrement des accroissements de 

rendement allant de 100 a 200%. L'intensitd de culture, en culture s3che, peut atre augmentde par 

des cultures assocides et sdquentielles dans les zones d'une pluviomdtrie de 650 mm et plus. De 

nouveaux systimes de culture, spdcialement adaptds aux diverses situations rgionales, ont dtd mis 

au point, en y incorporant les oldagineux et les Idgumineuses. La mise en valeur de zones de culture 

fondee sur I'amenagement de bassins versants, ainsi que la collecte et le recyclage de I'eau de 

ruissellement, constituent d'autres caractdristiques importantes de cette technologie. 

L'Elaboration et Transfert do Technologie pour I'Agriculture sous Plule ot le
 

Paysan des Zones Tropicales Semi-arides dans les Regions Prddisposdes
 
a la Sdcheresse du Maharashtra
 

A. B. Joshi, N. D. Patil ct N. K. Umranl 

un tiers de sa superficie cultivde estLe Maharashtra est le troisirnie dtat de linde en dtendue; 

proverbialement predispose a la sdcheresse. La topographie est vallonnde; les sols sensibles A 

I'drosion; la pluviosite, de 500 a 750 mm, est extrdmement variable. Environ 30% des sols sont peu 

ou moyennement profonds. La Station de Recherche Agricole de Sholapur, instaurde en 1933, a 

effectud un travail de recherche considerable sur le "dry-farming": recherche dont les resultats sont 

maintenant prdts a atre diffuses. Cependant le salut pour I'agriculture sous pluie ne peut pas venir 

uniquement de la technologie; un effort concerto et pluridisciplinaire, impliquant des agences 

multiples, est ncessaire. Cet effort doit se faire sur la base d'un amdnagement intdgrd de bassins 

versants entiers plut6t que sur la base d'exploitations individuelles. 

L'Expdrlence du Nigeria 

M. B. Ajakalye 

et acceptable, doit prendre en consideration lesLa technologie agricole, pour dtre praticable 
facteurs socio-dconomiques qui influencent ses utilisateurs. Le programme du Nigeria, fonde sur ce 
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principe, tente de rdsoudre les problemes du paysan des zones trpicales semi-arides en creant des
variates de cycle court adaptLes a la saison de culture; en con:evant des outils simples pour reduire
le travail ingrat de l'exploitation agricole; en maitrisant les ravageurs et les maladies gr~ce a des 
mesures preventives; et en s'assurant que les techniques de culture recemment mises au point
seront tout . la fois acceptables et rentables pour le paysan. Le Service Agricole de Vulgarisation et
de Liaison avec la Recherche (AERLS), mis en place en 1975, joue un rble clef en 6tablissant un lien 
entre la recherche et son utilisateur final, le paysan. 

R6flexions sur les Probldmes de Transfert do Tochnologle 

Joseph Kabore 

L'6laboration d'un code de conduite des transferts de technologie s'avere necessaire pour renforcer
les capacites d'organisation et de reception des pays en developpement et pour ameliorer I'accos a
la technologie a des prix abordables par tous. La mise en plare et le developpement des structures
de formation techniques et professionnelles dans les pays en developpement sont une condition
prdalable au transfert des technologies si ce transfert se veut efficient et durable. Les nouvelles
techniques doivent 6tre assimildes, modifides et adaptees aux conditions particuliores de chaque
pays. La recherche agronomique telle qu'elle est mende dans les pays ddvelopplis (Europe ouEtats-Unis) necessite des moyens de production n'ayant rien de comparable a ceux dont dispose
le petit paysan voltaTque. IIfaut des chercheurs qui soient a meme de s'improgner des problemes
qije vit quotidiennement la population afin d'6tre capables de sortir un programme de recherche qui"colle" avec ces rdalites et 6leve la technicitO du paysan. 

L'Expdrlence S6n6galaise 

Djibril Sene 

Le Senegal dispose depuis deja de nombreuses anndes d'une infrastructure de recherche 
agronomique et d'un nombre de chercheurs que l'on peut qualifier l'une et I'autre d'importants.
Mais le monde paysan senegalais n'a pas beaucoup bendficid des resultats de recherche, et
l'inaptitude qu'il ya a les faire passer au niveau du paysan constitue un des freins les plus importants
a 'evolution de ce monde rural. Cette recherche agronomique possede deux defauts importants : en
premier lieu, elle est trop intellectualisee et pas assez pragmatique; deuxiomement, beaucoup de 
ces chercheurs ne se sont pas mis suffisamment a I'6coute du monde rural pour sortir un 
programme de recherche. La creation des Unites Expdrimentales Rgionales (UER) de nature
pluridisciplinaire a constitue un element decisif de progres dans la conduite de la recherche, mais
elles ont moins rdussi a porter assistance aux socidtds d'encadrement technique du monde rural.
L'objectif de la recherche doit 6tre, au Senegal, d'une part, la mise au point des innovations quipuissent 6tre acceptdes par le monde rural et, d'autre part, de faciliter I'adoption de ces innovations 
dans le cadre de la politique agricole nationale. 

Transfert do Technologie an Agriculture Pluviale dans la Rdglon Sah6lonne 

Nalla 0. Kane 

L'lnstitut du Sahel a e cree en 1977 a I'initiative du Comite Permanent Inter-Etats de Lutte contre la

Secheresse dans le Sahel (CILSS). Ses fonctions comprennent la collecte, 'analyse et la diffusion
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des rdsultats de la recherche scientifique et technique; le transfert et I'adaptation des technologies; 

et la formation des chercheurs et techniciens. L'lnstitut definit des paquets technologiques adaptds 

aux conditions socio-iconomiques locales et dtudie des programmes de radio rurale diffuses en 

langues nationales (vernaculaires) des pays sahdliens. Sr les exrloitations agricoles, des paysans 
"'modoles" demontrent I'efficacit6 des nouvelles techniquc'. - 'eurs voisins. L'auteur soul igne qu'il 

ne faut pas cependant parler du paysan sahelien comme ... -'tait appeld qu'6 recevoir les 

techniques. II a fait preuve d'une adaptabilit6 dtonnante ci i,-s te, 'iniques traditionnelles que le 

paysan lui-m~me aproduit - et qui sont d'ailleurs tros adaptesa1,!m conditions locales - devraient 

,tre Otudiees et diffusees. 

L'Exp~rience Br~silienne 

A. Blumenschein 

Le Bresil a investi substantiellement dans la recherche agronomique dans la region Nord-Est oU est 

situee une grande partie de la zone semi-aride du pays. Outre une pluviomdtrie irreguliere et des sols 

pauvres, le veritable obstacle au developpement dans cette region est la distribution des terres, 8% 

des paysans possedant 67% des terres cultivees. Le programme de recherche acommencd par une 

analyse des freins 6 une augmentation de la production et a entrepris quatre projets principaux : un 

inventaire des ressources naturelles, la mise au point de systemes de production, d'une part pour 

les regions sous pluie et d'autre part, pour les regions irrigudes, et de systemes d'exploitation 

adaptds aux conditions particuliores 2e la region Nord-Est. Le programme est structure desortequ'il 

favorise un transfert rapide de technologie des centres de recherche agricole internationale (IARC) 
au Bresil. 

L'Elaboration et le Transfert do Technologle pour Ia Production 

des Cultures Sous Plule en Thailande 

Ampol Senanarong 

Des quatre regions goographiques de la Tha'ilande, le Nord-Est est la zone cu I'agriculture sous piuie 

rencontre le plus de problomes. Les rendements faibles et instables pour toutes les cultures 

specialement le riz - de cette region, la sous-utilisation des terres et la faible fertilitd du sol se 

combinent po,,r faire du revenu individuel des paysans le plus bas du pays. Jusqu'6 ces derniers 

temps, la recherche mit davantage I'accent sur I'amdlioration varidtale que sur les techniques de 

cultures ou de conservation et d'utilisation rationnelle du sol et de I'eau. II est necessaire 

d'encourager la recherche pluridisciplinaire et d'dlaborer a long terme des programmes afin de 

maintenir la continuite. Les chercheurs, les agents de vulgar.ation et les paysans exploitants, 

devraient 6tre capables de travailler ensemble afin d'dlaborer une technologie que I'exploitant 

puisse adopter avec profit. Un p-emier pas serait d'accepter les systemes de culture existants et d'y 

introduire des innovations simples et peu co~reuses dont le resultat serait -in accroissement visible 

des rendements. 
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L'Exp(rience des Philippines dans les Cultures en Zones Seches 

J. D. Drilon, Jr. ot Ed. B. Pantastico 

Les Philippines bien qu'dtant un pays typiquement humide, avec une pluviositd moyenne annuellede 253 cm, comportent des zones s~ches de novembre c avril. La tendance de la production des
cultures clans les zones humides, humides et seches, et siches reflete l'influence des parametres du
milieu, par exemple, la pluviositd, la tempdrature,l'humiditd relative, la fertilitd et la texture du sol etla situation du marchd. Pour introduire de nouveaux systemes de cultures dans ces zones ou lesprati~ues culturales sont Otablies depuis fort longtemps, des essais de recherche appliqude furent
conduits pour s'assurer que le nouvel ensemble de technologies soit adaptable aux conditions
actuelles. Les essais mettent I'accent sur le choix du site d'expdrimentation, sur I'dlaboration et [amise a I'epreuve du systeme de culture dans les champs des paysans, et sur I'valuation del'ensemble des donndes. La techneiegie KABSAKA - c'est a dire deux cultures du riz et une culturepluviale pour les zones exonddes  dlaborde d'apres ces activites, a donne d'excellents rdsultats, et avec les modifications appropriees, pourra otre adoptde dans d'autres regions. 

Session 7 : Les Liens 

Les Liens pour .e Transfert de Technologie 

B. N. Webster 
Cette communication examine les concepts traditionnels de transfert de technologie dans le cadredu ddveloppement agricole et elle fait ressortir le caractere pluridimensionnel des liens noues entreagents, caractere essentiel pour soutenir un syst~me dynamique d'application des connaissances
acquises. L'accent est mis sur le transfert de technologie vers l'interieur de la r~gion et surI'applicabilitE d'une technologie produite au niveau indigene. L'importance de I'ElEment humain atous les niveaux est soulignEe et par la, le r6le majeur que joue un lien adEquat avec les institus
d'enseignement et de formation pour preparer les cadres bien formEs servant de "liens humains" 
dans la chaine du transfert. 

Les Liens pour la Mise en Oeuvre des Programmes 

W. K. Agble 
Les liens les plus fructueux pour la mise en ceuvre des programmes supposeraient une structure
triangulaire liant la recherche, la vulgarisation et le paysan. Les principaux objectifs d'un tel systEmede liens seraient le transfert rapide des technologies au benefice d'un plus grand nombre depaysans; de telles technologies sont non seulement Economiquement viables et acceptables parles paysans mais rEoondent en outre aux besoins politiques, sociaux et Economiques du pays. CelanEcessite le renforcement des systemes nationaux de recherche et de vulgarisation. Mais surtout,les paysans doivent s'unir pour exercer une forte influence sur [a machine politique du pays afin
d'assurer une fixation des prix, un financement et une politique fiscale equitables ainsi que d'autres 
benefices aux paysans. 
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Rdflexions sur lea Problemes 
do Transfert de Technologie 

Joseph Kabcrd* 

L'Enorme fosse qui existe entre les pays "ddveloppes" et les pays dits en developpement et plus 

particulitrement ceux d'Afrique, dont la Haute-Volta, impose a ces derniers de faire massivement 

appel a la technologie ou savoir-faire des premiers. Ceci ne va pas sans poser de delicats problemes, 

dont les plus aigus sont la dependance ainsi creee et les coOts importants que cela impose aux 

economies encore fragiles des pays en developpement. II s'agit de trouver un cadre adequat qui 

reglemente les transferts. 
En la matiere, nous souscrivons, dans les grandes ligne3, aux propositions, faites par le groupe 

des 77 de la CNUCED lors des sessions de 1975 et de 1976 6 la conference de Nairobi. 

La technologie est une part de l'heritage universel de I'numanite auquel tous les pays ont droit 

pour, si non eliminer, au moins attenuer les intolerables inegalites economiques, dans le cadre d'un 

nouvel ordre economique international. 
d'un "code de conduite des transferts de technologie" s'avere necessaire; sesL'elaboration 

principaux objectifs seraient : 
" Le renforcement des capacites d'organisation et de reception des techniques nouvelles des 

pays en developpement, 
* 	 L'amelioration de I'acces a la technologie et des coots et prix raisonnables et abordables pour 

tous, 
" La promotion des transactions "non lides" quant au choix des differents elements de la 

technologie, I'evaluation des coOts, l'organisation, les formes et canaux institutionnels. 

Ce code qui interessera tousles types de technologie sera le garant de transactions profitables aux 

pays en developpement et qui ne les rendent pas perpetuellement "esclaves." 

Los Transferts de Technologie 

La Formation 

Qui dit transfert de technologie dit presence de cadres en quantite et en qualite suffisantes dans tous 

les secteurs de I'economie, capables d'assimiler les techniques et les technologies des plus simples 

aux plus complexes, afin que les economies des pays dits on developpenient tirent le maximum de 

profit des technologies importdes. 
Cela implique egalement que tous les artisans de I'economie jusqu'a I'echelle la plus basse aient 

mdme, chacun a son niveau, d'executer les tsches techniquesune formation qui les rende a 
obligatoires. 

Cette formation qui doit a notre point de vue englober aussi bien I'adulte que l'enfant, les artisans 
end'aujourd'hui et les artisans de demain, doit pouvoir se faire avant tout, dans les pays 

developpement. Cependant certains perfectionnements et certains recyclages dans les pays 

developpes sont necessaires pour completer le savoir-faire. 

Formation de I'Enfant 

L'enfant est le futur artisan de I'economie. Une ouverture de son intelligence a 'esprit scientifique 

des le jeune age fera de lui plus facilement un technicien confirme de haut niveau. IIconvient que des 

en place pour donner cette ouverture d'esprit astructures adequates soient etudiees et mises 


I'enfant dans le meme 6ge.
 

* Directeur, Services Agricoles, Haute-Volta 
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Formation Pratique des Masses Laborieuses 

Le paysan, l'ouvrier agricole pour dtre plus efficace a besoin d'un minimum de formation, de
perfectionnement, de recyclage; toutes les manifestations, les actions qui peuvent ameliorer la
formation pratique du travailleur doivent tre encouragdes. Un mauvais paysan ne profite pas a 
l'economie. 

Les fetes agricoles, les actions de demonstrations, les concours agricoles, les stages de
perfectionnement des paysans etc... sont autant de moyens qui peuvent augmenter leur 
technicito, et les rendre olus efficaces. 

Les Structures de Formation Techniques et Professionnelles 

La mise en place et pour le ddveloppement des structures deformation techniques et professionnel
les dans les pays en developpement sont une condition prealable au transfert des technologies si ce 
transfert se veut efficient et durable. 

En effetle transfert doit se faire par des hommes comp~tents qui non seulement ont assimild mais 
peuvent modifier et adapter les nouvelles techniques aux conditions particulieres de leur pays. Ceshommes valables doivent Ltre suffisamment nombreux et couvrir tous les secteurs de I'dconomie. 
Si l'importation d'un spdcialiste est necessaire et indispensable, cette importation devrait 6tretemporaire et couvrir simplement le temps necessaire a la formation des nationaux. Le spdcialiste
devrait jouer le r6le de Conseiller Technique le temps que les Techniciens du pays acquiorent un 
minimum d'expdrience.

Si des structures de formation techniques et professionnelles sont nacessaires pour Oquiper les 
economies de cadres supdrieurs, il en est 6galement de mome pour les techniciens des niveaux 
moyen et subalterne qui sont des maillons indispensables d toute dconomie.

Ainsi donc que ce soit dans les domaines de I'agriculture, de l'industrie, du commerce etc... des 
structures addquates de formation sont, nous en sommes convaincus, des prdalables et la mise en
place de cas structures ne peut se faire sans concours techniques et financiers des pays ddveloppds. 

Les Perfectionnements et les Recyclages a I'Extdrieur 

Le ddveloppement de la science a permis d'atteindre dans la plupart des secteurs une technicitd telle 
que les jeunes pays en voie de daveloppement ne peuvent se payer le luxe d'avoir des dcoles tres
sp:cialisdes dans tousles domaines de leur dconomie. Ils doivent par consequent n6gocier avec les 
pays ddveloppds le perfectionnement et le recyclage de leurs techniciens dans certains domaines 
tres specialis i. Cette collaboration est necessaire pour rendre efficient le transfert de certaines 
technologies at doit 6tre prise sdrieusement en consideration. 

La Recherche Scientifique et Technique 

Que ce soit dans le domaine de I'agriculture, des agro-industries ou de l'industrie, les pays en voie de 
ddveloppement connaissent souvent des situations et des conditions particuliores. Une recherche
scientifique et technique permettra a ces pays de trouver des solutions a leurs problimes 
specifiques. 

C'est-a-dire que la formation des chercheurs est un autre probleme qui prdoccupe beaucoup les 
pays en voie de developpement. 

Nous pensons que de plus en plus les pays en voie de developpement doivent pouvoir former surplace des chercheurs qui soient impregnds d'abord des problemes qu'ils doivent rdsoudre et ensuite 
mettre en place ce qu'il faut pour la recherche des solutions. 

On peut se permettre ici de citer un exemple : 
La recherche agronomique telle qu'elle est mende dans les pays ddveloppos (Europe, Etats-Unis)

cherche a resoudre des problemes du fermier ou de I'entreprise agricole. Les solutions qu'elle
preconise s'adresse a des fermiers bien cultives, lettres, souvent de niveau ingdnieur comme aux 
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U.S.A. et qui disposent de moyens de production qui n'ont rien de comparable 6 cedont dispose le 
petit paysan voltaique, qui cultive en moyenne 5 ha manueliement. Les moyens financiers et 
materiels ne constituent pas un facteur limitant chez les grands fermiers tandis que dans les pays en 
developpement c'est un des principaux facteurs limitants. II en decoule que la recherche 
agronomique ne peut pas avoir les mdmes prdeccupations et les memes objectifs. Dans les pays 
d6veloppds il suffit de trouver les techniques - mdme sophistiqudes - et les varietds, les moyens 
ne manquent pas et tous les agriculteurs ont la mdme formation qu'il faut. 

Dans les pays en voie de ddveloppement comme la Haute-Volta, ilfaut tenir compte du niveau ot0 
trouve la masse des petits fermiers souvent ancrds dans des habitudes ancestrales, illettrds, peu 
ouverts, disposant de moyens infimes et n'ayant pas acces aux credits agricoles presque 
inexistants. Ce sera difficile de lui faire faire un saut qualitatif en voulant I'amener du Moyen Age au 
XXe sibzcle. 

IIn'a ni les dispositions ni les moyens qu'il faut. 
Par conlre, si I'on refldchit et I'on cherche comment par dtape, et par palier on peut elever sa 

technicite on aura plus de chance de reussir. 
Pour arriver a cela il faut des chercheurs qui soient a m~me de s'impregner de ces problomes que 

vit quotidiennement la population volta'que afin d'dtre capablesde sortir un programme de 
recherche qui "colle" avec ces realites. Cette recherche-la sera beaucoup plus efficace que celle qui 
donne des rdsultats bons mais inapplicables par manque de technicite et de moyens. 

Les Transferts des Brevets et des Techniques 

Les brevets, le savoir-faire, les procddes de fabrication constituent une des plus grandes richesses 
des pays developpes et leur appartiennent pour 90%. Leur transfert obeit a une Igislation complexe 
et onereuse. 

* 	 Une des premieres mesures a prendre serait de lever partiellment l'exclusivitd de la proprietd 
et de diminuer le coit d'exploitation. 

" 	La deuxieme mesure serait la possibilite d'adaptation, mais cependant pour des besoins 
strictement interieurs. 

* 	La troisieme mesure est la promotion tant dans les pays developpes que dans les pays en 
d6veloppement, de la technologie intermddiaire a mettre a la disposition des pays en voie de 
developpement. 

Dans tous les cas se pose la question de savoir quel type de technologie transfdrer, pourcertains 
cas particuliers, dans quel contexte. 

Les pays en developpement ne peuvent pas se contenter de la technologie du XVIlle sicle dans 
certains domaines alors qu'ils ne peuvent pas non plus rentabiliser celle du XXe sibcle dans. 
d'autres - la technologie dtant de plus en plus sophistiqude, on est oblige de suivre son temps. 

• 	 Nous pensons que pour la technologie de pointe necessitant des competences dont ne 
disposent pas encore les pays en developpement, la prudence est de rigueur et l'intdgration 
regionale est souhaitable. 

* 	 Pour les autres types de technologie, la preference sera donnee a celle permettant d'utiliser au 
maximum les ressources physiques et humaines locales; une industrialisation qui permette 
d'elever le niveau de vie de la majorite de la population, qui est ou sera entierementmaitrisdea 
court terme par les nationaux. 

* 	 Former en grand nombre des techniciens et ingenieurs qui feront evoluer la technologie sans 
trop d'a-coups car I'experience montre que les populations, quand elles le peuvent, prdferent 
les produits des technologies trbs avancees. 
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L'Exp6rience Sn galaise
 

Djibril Sene*
 

Je commencerai par ftIiciter I'ICRISAT, dont I'action est orientde vers le ddveloppement de 
technologies de progres pour I'agriculture, d'avoir organisd un debat qui ne se limite pas au seul 
aspect du ddveloppement de ces technologies, pdrticulires mais traite, aussi, du probldme du 
transfert au monde rural des technologies mise, au poirit'par la recherche. 

Le Senegal est un pays qui dispose depuis djade'rombreuses annes d'une infrastructure de 
recherche agronomique et d'un nombre de chercheurs que l'on peut qualifier l'une et I'autre 
d'importants, surtout si on les compare a la situation qui est encore celle de la plupart des autres 
Etats de la zone sahelienne. 

Ceci tient au fait que le Senegal a eu la chance d'hdriter, au moment de son inddpendance, d'un 
important dispositif de recherches agricoles, zootechniques et vdtdrinaires, mis en place jadis par la 
France, non pour les seuls besoins du Senegal, mais pour ceux de l'ensemble de la partie 
occidentale de la zone tropicale semi-aride de I'Afrique au nord de I'equateur : depuis la Presqu'ile 
du Cap Vert a I'Quest jusqu'au Niger 8 I'Est. C'est ainsi que le Centre SLnegalais des Recherches 
Agricoles de Bambey, crdd depuis maintenant plus de cinquante ans, eut a jouer de longues anndes 
durant, avant I'accession des Etats francophones de I'Afrique ae I'Ouest a I'Inddpendance, le r6le de 
Centre Federal des Recherches Agronom;ques de l'esisemble des territoires de la partie sahdlienne 
et soudanienne de I'Afrique de I'Ouest alors sous tutelle franqaise.

Si l'on peut porter au credit de la recherche agronomique rdalisde au Senegal de nombreux acquis 
scientifiques et techniques de valeur, il n'en reste pas moins vrai que le monde paysan sdndgalais 
continue, quanta lui, an'dvoluer que tres ientement, trop lentement au grd des dirigeants de ce pays 
si on prend comme critere de jugement la fagon dont a varie le revenu des paysans au cours des 
dernieres.ddcennies. 

L'expdrience des faits nous prouve chaque jour davantage que l'un des freins les plus importants 
de I'dvolution de ce monde rural provient de l'inaptitude qu'il a a faire passer au niveau du paysan 
une grande partie des produits de la recherche. 

Est-cea dire quelemessageou les messages d6livrds par la recherche en direction du monde rural 
sont pour la plupart des messages defectueux, non recevables par les paysans, et si oui, pourquoi?

Ou bien, est-ce a dire que les structures d'encadrement technique du monde paysan, chargdes de 
vehiculer les messages de la recherche et de les faire pLndtrer dans ce monde paysan n'ont pas su, 
jusqu'a present, jouer le r6le qu'on leur a confi6 et, dans ce cas, pourquoi? 

Ces questions meritent sans aucun doute des reponses, et c'est en vue de les obtenir que nous 
avons commence a engager depuis quelques mois, au Senegal, une vaste rdflexion sur les rapports 
recherche-developpement et sur le fonctionnement des societds d'encadrement technique du 
monde rural. 

Je me contenterai de vous faire part, ici, de quelques rdflexions personnelles concernant les 
messages ddlivrds actuellement au Senegal par la recherche agronomique en direction du monde 
paysan, laissant delibdrement de c6t6 le second aspect des choses : le fonctionnement des societLs 
d'encadrement technique du monde paysan. 

Mes rdflexions porteront sur deux points : 
" La faqon dont les messages delivros en direction du monde rural ont Lte, jusqu'a present, 

composes par la recherche.
 
" 
 La facon dont ces messages ont 6W vehiculds jusqu'a present, depuis le laboratoire ou le champ 

situe au centre de recherche jusqu'au champ paysan. 

Ministre du Ddveloppement Rural, Senegal 
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La Composition du Message DdIivrd par la Recherche 

Ayant appartenu pendant longtemps a la recherche mais ayant, aujourd'hui la responsabilitd du 
dveloppement rural dans son ensemble, ilm'apparait, aujourd'hui, que la recherche agronomique 
conduite au Senegal, bien qu'ayan. la qualitL d'dtre une recherche sdrieuse et effectue par des 
chercheurs (nationaux et 6trangers) pour la plupart tres competents chacun dans sa specialitd, est 
une recherche qui n'en possede pas moins deux defauts contre lesquels nous tentons, du reste, de 
rdagir : 

0 	 IIme semble que cette recherche est une recherche souvent beaucoup trop intellectualise, 
sophistiqude, oserai-je dire, et pas assez pragmatique, ce qui donne souvent I'impression qua 
les chercheurs sont davantage tentes de faire de la recherche pour le plaisir de la recherche 
plut6t que pour contribuer a la satisfaction des besoins les plus immediats du monde rural. 
Peut-6tre, est-ce, en rdalite, parce que ces chercheurs se preoccupent davantage d'un futur 
lointain que du futur immsdiat. 

• 	 IIme semble, par ailleurs, que beaucoup de ces chercheurs n'ont pas su ou pas voulu, jusqu'a 
present, se mettre suffisamment a I'Lcoute du monde rural pour bbtir leurs programmes dc 
recherches. 

IIs'agit, tant en ce qui concerne l'un et I'autre de ces deux defauts, d'une question de mentalitd 
lide, me semble-t-il, en grande partie, au mode actuel de formation de ces chercheurs : 

* 	 Formation, d'une part, trop universitaire, conduisant prdfdrentiellement les chercheurs vers la 
recherche de dipl6mes de plus en. plus dlevds ou A la publication de notes et mdmoires 
scientifiques de portee thdorique au d*triment de la satisfaction des besoins pratiques les plus 
immddiats de notre agriculture. 

* 	 Formation conue, d'autre part, dans un cadre de pense plus adaptee, me semble-t-il, aux pays 
industrialisds qu'aux pays en voie da ddveloppement: dans le respect de l'ide que c'est a la 
recherche et a la recherche seule que revient le soin de dire quelles sont les voies par lesquelles 
devra se faire le progres rural, donc de definir le contenu du message que les socidtds de 
vulgarisation seront ensuite chargees de diffuser dans le monde paysan. Au Gouvernement et 
aux socidtes chargees de 'encadrement technique du monde paysan le soin de provoquer, par 
la suite les conditions sociales et conormiques qui permettront d'accepter les innovations 
proposdes par la recherche quels qu'en soient la nature et le cojt. 

J'admets, 6 ia rigueur, que telle puisse 6tre la demarche de pensee suivie pour le futur lointain. Je 
ne saurais, par contre, y souscrire pour le court et moyen terme. Cela ne ferait qu'accentuer le fosse 
que nous sommes obliges de constater actuellement au Senegal entre les services de la recherche et 
les socidtes d'encadrement technique du monde rural, ddja trop tentdes d'entreprendre des etudes 
ou des essais qui ne sont pas de leur ressort, sous prstexte qu'ii s'agit d'6tudes ou d'essais destines A 
apporter des rdponses a des problemes que la recherche n'a pas voulu ou pas su prendre en compte 
jijsqu'a present. 

IIme semble indispensable que les innovations techniques proposees par la recherche pour ce 
court et ce moyen terme soient des innovations vraiment adaptes A I'dtat d'dvolution du monde 
rural prdvisible durant cet intervalle de temps dans les domaines psychologique, sociologique 
(nature de I'exploitation, structure familiale, etc...) et dconomique (credit, commercialisation, 
cooperatives, etc...) en fonction de la politique dtablie par le Gouvernement dans ces difforents 
domaines. 

IIn'ignore pas qu'il sera sans doute trs difficile d'obtenir dans l'immediat que les chercheurs deja 
en place changent de mentalitd, bien qu'un certain effort d'dvolution puisse 6tre constatd. Je suis, par 
contre, plus confiant pour I'avenir, depuis que nous avons decide de creer au Senegal un Institut 
National de Developpement Rural charge d'assurer, sur place, la formation de la totalitd des cadres 
de haut rang dont nous avons besoin, tant au niveau de l'Administration que des socidtds 
d'encadrement du monde rural ou de la recherche, ce qui n'excluera nullement pour nos chercheurs 
la possibilit6 de stages complementaires a I'6tranger, mais ce ne seront que des stages de 
spscialisation. Ce nouveau systeme de formation devrait pouvoir entrer en vigueur au cours de la 
prochaine annde. 
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Le Transfert du Message depuis la Station Centrale 
de Recherche jusqu'au Champ du Paysan 

Lorsqu'on se refere aux nombreuses discussions qui ont pu avoir lieu au Senegal au cours de ces 
derniers mois entre [a recherche et les societes d'encadrement technique du monde rural, on se rend 
compte que ce qui preoccupe essentiellement ces dernieres est de pouvoir disposer : 

" d'une part, de resultats applicables a court ou moyen terme dont la quantification soit connue 
dans I'espace (delimitation precise des differentes zones d'applicaion possible de ces 
resultats) et dont la quantification soit connue dans le temps (variation de ces resultats en 
fonction des conditions pluriannuelles caracteristiques d'une zone d'application determinee et 
probabilite de ces variations en vue d'une appreciation du risque).

" d'autre part, des informations qui permettiont de juger des contraintes sociales et 
economiques a I'adoption des themes de developpement proposes.

Comment la recherche a-t-elle tente de repondre jusqu'a present a cette double preoccupation et 
dans quelle mesure y est-elle parvenue?

IIfaut reconnaitre que, quelle que soit la fagon dont les messages delivres par la recherche 
agronomique au Senegal ont pu etre conqus jusqu'a iiresent, !a recherche senegalaise s'est 
toujours montree extr(mement souc.ieuse de juger quelle pouvait 6tre la valeur spatio-temporelle
de chacun des resultats techniques obtenus en station de recherche; ce qui repond a la premiere des 
r.eux preoccupations exprimees par les societes d'encadrement technique du monde rural. 

Ceci a ete fait, dans un premier temps, grAce a la mise en place d'un reseau d'essais multilocaux 
couvrant l'ensemble du territoire senegalais; puis, ulterieurement, par la creation de certaines 
structures particulieres supplementaires dites "Points d'Appui de Prevulgarisation et d'Experimen
tation Multilocale" (PAPEM) qui associent a la caracteristique d'etre un des elements constitutifs du 
dispositif normal des essais multilocaux, la fonction de devoir jouer egalement un r6le demonstratif 
vis-a-vis du monde paysan en abritant d'autres essais synthetisant l'ensemble des differentes 
innovations jugees par la recherche comme dtant des innovations interessantes a introduire dans le 
milieu rural. 

Ces experimentations ne permettent toutefois pas de rdpondre a la seconde des preoccupations
exprimees par les soci6' s J'?n'adrement technique du monde rural : fournir des informations qui
permettent de juger des contraintes sociales et economiques a I'adoption des themes de 
developpement proposes.

D'ou la mise en place par la recherche a partir de 1969 d'un troisieme type de structure 
intermediaire entre les stations centrales de rechercheet le monde rural : les Unites Experimentales
Regionales (UER) qui ont fait I'objet depuis leur creation d'une abondante litterature accompagnee
de definitions plus ou moins ambitieuses sur leur rile : 

"Unite de recherche prospective sur les systemes de production et modeles d'exploitations"
selon Rene TOURTE, qui fut I'un de ceux qui conduisirent le travail de reflexion qui devait aboutir a la 
creation de ces unites; ou encore, selon le meme auteur, "exemple d'utilisation par la Recherche 
Agronomique de la demarche systeme."

"Entite socio-geographique limitee ou les resultats de la Recherche Agronomique sont testes en 
vraie grandeur, en vue de mettre au point et de perfectionner constamment des systemes
techniques, tenant compte des liens existant entre le milieu physique, le milieu humain et les 
objectifs du plan de developpement regional" selon J. KILLIAN. 

"Unite correspondant a la mise en oeuvre d'un processus de developpement contr6le a l'initiative 
de la Recherche et concernant un ensemble socio-economique envisage dans sa totalite" selon L. 
MALASSIS. Et:... 

Ces definitions traduisent suffisamment bien I'asprit dans lequel ces Unites furent conques pour 
que nous n'ayons pas a insister davantage sur ce point. Je preciserai seulement que leur conception 
est le fruit d'un travail de reflexion entrepris principalement par des agronomes generalistes donc 
plus proches des realites du monde rural que la plupart des autres chercheurs : specialistes de 
I'aielioration des plantes, de la conservation et de I'amelioration de [a fertilite des sols, de la lutte 
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contre les ravageurs etc... plus facilement tentes de s'enfermer dans leurs specialites.
A l'origine de cette reflexion est 'echec relatif do la plupart des projets de developpement rural 

mis en oeuvre au Senegal depuis I'independance et les difficultes de diffusion de certaines 
propositions de la recherche agronomique, celles, en particulier, visant a la creation d'un milieu 
physique plus favorable a l'expression des cultures traditionnelles ou nouvelles; parmi ces 
propositions, il faut citer en particulier le labour profond et l'enfouissement de la matiere organique.

Je ne vous decrirai pas, ici, la faron dont fonctionnent ces Unites Experimentales; je me 
contenterai de souligner le fait que I'observation porte sur I'ensemble du milieu, c'est-a-dire que l'on 
s'efforce d'etudier toutes les consequences (techniques, economiques, sociologiques) de I'intro
duction d'une innovation dans ce milieu et qu'il s'agit, par consequent, d'une approche veritable
ment pluridisciplinaire. 

Que penser de I'activite de ces Unites Experimentales dont la creation remonte maintenant a dix 
annees? 

La reponse n'est pas facile a donner car, en fait, le bilan differe selon qu'on se place du point devue 
de la recherche ou du point de vue des societes d'encadrement technique du monde rural. 

Si je me place du c6te recharche, je suis convaincu, compte tenu de la conception que j'aidu r6le 
de la recherche agronomique et de son fonctionnement, que la creation des Unites Experimentales a 
constitue un element decisif de progres dans le fonctionnement de la recherche agronomique au 
Senegal, en ce sens que les problemes rencontres par les chercheurs au sein de ces Unites 
Experimentales les amenent a prendre conscience, un peu plus chaque jour, qu'il est necessaire, si 
on veut donner a la recherche agronomique le sens utilitaire qui doit &tre le sien au Senegal : 

* d'une part, de definir les themes et priorites de recherche a partir des donnees du milieu;
* d'autre part, de viser a la imise au point de techniques integrees et de systemes compatibles 

vvec les systemes existants, avant de les proposer a la vulgarisation, ainsi que de viser a 
identifier les contraintes. 

Je deplore qu'en depit de I'evolution des mentalites qui a deja commence a se dessiner dans ce 
sens chez certains chercheurs, il y en ait encore trop qui continuent a conduire leurs recherches en 
dehors de ces principes, en particulier les selectionneurs, surtout affectes a I'amelioration des 
piantes allogames (les selectionneurs mil, par exemple) plus preoccupes souvent, me semble-t-il, de 
chercher un heterosis maximum dans I'absolu qu'un heterosis maximum dans le cadre de
l'utilikation de ces especes a I'interieur d'un assolement et d'une rotation, voire d'un usage
technologique des produits recoltes imposant a la plante differentes contraintes de resistance aux 
parasites, de cycle, d'architecture, de culture et de qualite de graine.

Si je me place du c6te du developpement, je suis oblige, par contre, de constater que les Unites 
Experimentales ont fourni aux societes d'encadrement technique du monde paysan peu d'en
seignements jusqu'a present, en dehors de certaines donnees techniques dont il ne me semble pas
evident qu'il y avait reellement besoin d'une structure du type Unite Experimentale pour mettre en 
evidence leur inter~t et leur possibilite d'emploi (dosage d'engrais, dates de semis, ecartements de 
plantes, developpement de la culture de mais, developpement de la culture attelec, etc...).

II est assez surprenant de constater qu'en depit d'etudes tres serieuses permettant une 
connaissance approfondie du milieu sur lequel operent ces "Unites" ( etudes sur la tenure fonciere 
et les disponibilites en terre, le travail agricole familial et saisonnier, les rapports de travail, les temps
de travaux, I'etablissement de comptes d'exploitation) les chercheurs n'aient pas ete capables, 
apres dix ans de fonctionnement de ces Unites Experimentales, d'indiquer aux societes d'encadre
ment du monde rural comment parvenir a une meilleure organisation de ce milieu. On retrouve a 
I'interieur des Unites Experimentales les memes problemes qu'a I'exterieur concernant le 
fonctionnement du credit et les remboursements de dettes, l'urganisation et la gestion des 
cooperatives, I'utilisation des materiels agricoles au sein de I'unite sociale traditionnelle definie par 
la communaute de residence. 

IIest tout aussi surprenant de constater que malgre ces etudes e 'in encadrement du paysan tres 
superieur a celui mis en place dans les societes d'intervention en milieu rural, il n'a pas ete possible 
d'obtenir, au sein de ces Unites Experimentales, une meilleure diffusion qu'a l'exterieur de certains 
themes de la recherche consideres pourtant par les chercheurs comme essentiels pour la realisation 
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de la polijique d'intensification des cultures qu'ils preconisent, et jugde par tous commo 4tant, 
effc:tivement, la seule voie possible de progres rdel du monde rural et de I'agriculture sdndgalaise. 

Ceci demontre bien que l'objectif de la recherche dolt etre au Senegal la mise au poi! 
d'innovations qui puissent 6tre d'abord, acceptables par le monde rural, I'dvolution du milieu ne 
devant 6tre que le corollaire indispensable, orienide uniquement de maniere a faciliter I'adoption 
definitive de ces innovations dans le cadre de la politique agricole nationale. 

I me semble qu'il devrait y avoir peut-6tre la une leqon a tirer par I'ICRISAT pour la definition desa 
politique de travail en Afrique. 

Je ne pense pas que ce soit depuis I'Inde que cet Institut puisse conduire un travail vraiment 
efficace pour I'Afrique, surtout en ce qui concerne le ddveloppement de la production des espoces 
allogames. Mais peut-Ltre fai.'-je erretur. 

IIme semble, par ailleurs, indispensable que le travail programme pour I'Afrkue, le soit en trhs 
dtroite collaboration avec las diffdrents services nationaux des Etats africains, seul- capables, a mon 
avis, d'indiquer a I'ICRISAT le sens dans lequel le travail conduit par I'ICRISAT pour I'Afrique doit 
6tre realise si on veut qu'il ait une utilitd reelle pour le monde paysan africain. 
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Transfert de Technologie en Agriculture
 
Pluviale dans la Region Sahdlienne
 

Nalla 0. Kane* 

Avant d'aborder ce probleme j'aimerais tout d'abord le situer dans le cadr, les attributions 
devolues a I'lnstitut du Sahel. Cette Institution qui a connu le jour effectivement e decembre 1977a 
la reunion des Chefs d'Etats a Banjul avait etc souhaitee par ceux-ci des le sommet constitutif du 
Comite Permanent Inter-Etats de Lutte Contre la Secheresse dans le Sahel (CILSS) en septembre 

1973 a Ouagadougou. Cot outil de coop4ration sous-regionale, charge de recherches appliqudes et 

de la Coordination des activites de recherche et deformation dans le Sahel, devait par I- r6solution 

n' 3253 attirer I'attention de I'Assemble Generale des Nations Unies qui recommanda au Secretaire 

General de cette Institution d'en accelerer les travaux preparatoires. 
C'est ainsi qu'en mai-juin 1975 une mission preparatoire du PNUD conjointement avec le PNUE 

devait definir les grandes orientations du Futur Institut du Sahel. Celles-ci ont dtd discuts en avril 

1976 a Bamako et devaient aboutir a [a decision de creation immediate de l'lnstitut du Sahel en 

decpmbre 1976 a N'Djamena. En octobie 1977, une reunion elargie sur l'Institut du Sahel devait 

etudier es Statuts de I'lnstitut ainsi que los programmes de demarrage et de Premiere Generation. 

Les programmes et Statuts ont ete adoptes a la Conference des Chefs d'Etats le 19 dedmbre 1977 a 

Banjul. 
Les fonctions de I'lnsti~ut telles qu'adopteos par la Conference des Chefs d'Etats du CILSS a Banjul 

sont les suivantes : 
1. La collecte, I'analyse et la diffusion des resultats de la Recherche Scientifique ot Technique. 
2. 	 Le transfert et I'adaptation des technologies. 
3. 	 L'harmonisation et la coordination des recherches scientifiques et techniques. 
4. 	 La formation des chercheurs et des techniciens de developpement. 
Le theme du present symposium s'inscrit dans le cadre du point 2 de I'attribution de I'lnstitut, a 

savoir: le transfert et I'adaptation des technologies. Bien que le transfert des technologies au niveau 
paysan soit plutot du ressort des Etats, I'Institut du Sahel par son r6le de promotion et de 
coordination des activites de recherche et de formation ainsi que par le r6le qui lui est devolu dans la 
collecte, I'analyse et la diffusion des resultats de la recherche scientifique et technique, contribue 
sensiblement a I'amelioration des techniques au niveau p~ysan. 

En effet l'lnstitut du Sahel doit participer indirectement au transfert de technologies au niveau 
paysan par: 

* 	 La formation des agents de vulgarisation et de developpement. 
" 	 La definition de paquets technologiques adequats a transferer aux paysans (par le biais 

d'informations scientifiques et techniques obtenues de I'Institut du Sahel). 
* 	 L'echange d'experiences entre les differents encadreurs des pays saheliens. 
* 	 L'amelioration des conditions de diffusion et des programmes de radio rurale ainsi que des 

autres media dans les Etats rnembres du CILSS. 
On pout red'umer les conditior.s de succes du transfert de technologies en milieu paysan sahelien en 

trois points principaux. 
1. La formation d'excellents encadreurs et I'alphabetisation fonctionnelle des paysans. 
2. 	 La definiticn de paquets technologiques adaptes aux conditions socio-economiques du 

paysan.
 
3. 	 Pour la large masse un programme bien etudie de radio rurale se basant essentiellement sur le 

point 2 ci-dessus. Ce programme est bien entendu diffuse en langues nationates du pays (ex. 
langues vernaculaires). 

Directeur General, Institut du Sahel, Bamako, Mali. 
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Dans chaque pays de la region du CILSS des organismes de vulgarisation sent crees soit dans le 
cadre des structures traditionnelles de I'agriculture, soit dans le cadre plus opdrationnel des 
organismes de developpement. Ce sent, par exemple : 

" 	La Societe de Ddveloppement et Vulgarisation Agricole (SODEVA) dans le bassin arachidier du 
Senegal. 

" 	Les Organismes Rdgionaux de Developpement (ORD), Haute-Volta. 
* 	 Les Operations de Ddveloppement (Operation Mii-Mopti par ex, au Mali). 
* 	 Projet i I'dchelle d'une zone d'un pays comme le projet 3M au Niger. 
Dans la majoritd des cas le transfert se fait selon la technique de la diffusion en tache d'huile 

utilisant principalement I'effet de demonstration. En effet dans la zone d'intervention sont choisis un 
certain nombre de paysans "modbles" auxquels sent enseigndes les techniques a transferer. Ces 
paysans servent soit d'instructeurs aux autres paysans, soit d'incitateurs pour leurs voisins tenths 
d'utiliser les m~mes techniques pour obtenir les m~mes rendements que le paysan modole. 

On utilise souvent pour une information de masse les techniques audio-visuelles qui sans doute 
ont leur importance mais ne peuvent pas remplacer I'expdrience directe que les paysans peuvent 
tirer de la visite du champ des fermiers mod~les. C'est plutbt aprLs cette experience du terrain qu'ils 
tirent meilleur profit d'un film relatif aux techniques A vulgariser. 

Dans la definition des paquets technologiques a transfdrer, il y a un facteur important qu'il faut 
toujours avoir 6 I'esprit : les conditions socio-dconomiques du paysan. En effet tou-, technique 
s'integrant difficilement a la culture du noride rural-cible ou dLpassant les capacitds financibres de 
ce dernier a tres peu de chance de succis. 

II en est de mime d'un paquet technologique comportant des themes complexes et d'une 
technicite assez dlaborde. 

Cette remarque n'est cependant pas une panacee car on asouvent rencontr des paysans ayant une 
extraordinaire capacitd d'adaptation. C'est ainsi qu'au demarrage de programme de I'O.M.V.S., il 
avait dtd dit que les paysans du Fleuve Senegal n'arriveraient jamais Amaitriser la technique de la 
riziculture avec contr6le total de I'eau. Celle-ci est en effet tr~s complexe, comme chacun sait. Cette 
apprehension a drd dementie par les faits. Bion que les paysans du Bassin du Senegal ne soient pas 
riziculteurs traditionnels ils se sent avdrds ausai competents que les asiatiques grAce d un don 
d'adaptation qui a dtonnd tout le monde. 

Le transfert et I'adaptation des technologies est un domaine pour lequel ii y a encore beaucoup a 
faire dans la region saholienne. II est bien connu que les recherches nationales comme inter
nationales ont obtenu dans la region des rdsultats satisfaisants mais qui n'ont pas toujours eu les 
applications voulues faute, non seulement de moyens financiers suffisants, mais aussi de mdthodes 
rdellement addquates pour I'application des resultats. C'est ainsi que dans le projet recent 6tudid par 
l'lnstitut du Sahel sur I'amilioration des mils, sorgho et nidbd, I'accent a dtd rrs en prioritd en dehors 
de la formation et des dchanges d'exporience entre chercheurs, sur le transfert, par les essais 
multilocaux, des varidtws sdlectionndes et dprouvdes dans certains Etats. 

L'lnstitut du Sahel oeuvrera dans le cadre de ces essais a trouver des methodes addquates en vue 
de la maitrise des diffdrentes techniques lides a la diffusion de ces varidtds en milieu paysan. 

Nous avons parle du transfert de technologie comme si le paysan n'dtait appeld qu'a recevoir et 
qu'en retour il n'dtait pas crdateur de techniques. C'est la sans doute mal apprdcier la capacitd des 
paysans sahtliens. Dans le milieu traditionnel des techniques nombreuses existent relatives aux 
methodes culturales adaptees aux diffdrents types de sol, a la selection des semences et leurs 
conservations ainsi qu'a la lutte contre les parasites et les ddprddateurs. Ces techniques 
traditionnelles bien que n'ayant qu'un caract~re local sent tr~s adaptdes aux conditions 
economiques et sociales du paysan. 

Les autoritds de recherches et de ddveloppement devraient se pencher davantage sur ces 
techniques, les amdliorer en vue de leir diffusion qui sera sans doute plus rapide et m nins ondreuse 
parce que produites par le genie m me de zis populations. 

Avant de terminer men intervention, j'aimerais remercier I'ICRISAT pour l'invitation faite a 
l'lnstitut du Sahel a participera ce colloque et remercie tout le personnel pour i'excellent accueil qui 
nous a dt6 reserve. 
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