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visit India on a short term basis to assist in the design and
implementation of planned and future subprojects.

d. Equipment and Supplies

Necessary non-expendable equipment such as
laboratory items and specialized research instruments will be
financed by ICAR and AID and may, depending on the specific
item, be purchased in the U.S. or India.

e¢. Facilities

The GOL will provide the land and buildings
required to carryout the research program. To implement the
subprojects and ensure that the necessary support is in place
for experimentation, AID may (inance some specialized
equipment and physical facilities, such as warehouses and
plant growth facilities,

3. Inplementation Arrangements

In the U.S5., a large number of individual actions in
implementing training and scientific collaboration will be
required. It is essential that the best available resources
be provided to the project in a timely and efficient mapner.
This will require the investment of a congiderable amount of
staff work in identifying experts and making arrangements for
this participation ana organizing logistics, Responsible
staff must nave a solid understanding of the program and be
experienced in working overseas. ‘lhe scrvices of qualified
U.S. universities or comsowtia thercof or other agricultural
rescarch cntities may be contracted by USAID to provide the
short-term specialized services for counterpart  Indian
institutions in undertaking research, handle procurement of
specified  equipument, arrange tor training ot Indian
technicians and scientists, as well as for consultants when
needed to assist with the desigu of new subprojects as
requested by ICAR and USAILD.

E. Other Donors in Agricultural Rescarch 9/

The Indian agricultural system is receiving useful
assistance from the donor community. The format of much of
the assistance is similar to the assistance mode proposed in
the AID agricultural rescarch project. This includes the

9/ See Annex K for details.
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funding of scientific consultation, training, equipment and
facilities and staff support in selected research areas. This
project will complement the work ol the other donors as they
undertake strengthening eftorts tor different institutions in
the ICAR system.

SUMMARY PROJECT ANALYSES

A. Technical Project Suumaries

In September 1980, the Working Group on Research and
Education ol the Indo-U.S. Subcommission on Agriculture
identified a  number of priority areas in  wnich U.S.
collaboration would be helpful.10/ These aveas ave consistent
with lIndia's priorities for agricultural researci outlined in
the Sixth Fir'= Year Plan and to be included in the Seventh
Five Tear Plan of the COL. they are also recognized as
problem areas for which the U.S. has an established capability
and sclentific expertise., Given the existing agricultural
research system in India and the cxcelleat quality ot india's
scientists, collaboration on Cthe development of solutions for
these and other such problem areas provides an opportunity for
mutually beneficial Indo-U.S. interchange.  This collaboration
provides an initial basis for the selection of subprojects to
be undertaken through the proposed agricultural reswarch
project.

Two research  subprojects - soybean  processing  and
ntilization and post-harvest technology  for  fruits and
vegetables - are being initially designed under this project,

Summir tes are provided herein ana detailed descriptions are
included in Volume II.

The set of second priority subprojects which have not yet
been designed, but which are likely to be iucluded iu this
project ar:: Biological Nitrogen Fixation; Energy Research in
Agriculture; Agro-forestry; On~farm Water Management Kesearch
and  HManagewment  of  Agricaltural Resear ' and  Education
Systems. Other topizs in agricultural researcn may also be
considered for financing under the project.

10/ Sce Annex A - Indo-U.S. Subcommission meetings.
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The specific compounents of the subproject arerk/

1. The development of processes and equipment for
tull-tat soybean flour applicable to the home, village and
small industry level;

2. The developuent oi processes and equipment to obtain
dal (splits) from soybeaus applicable to the home, village
and small industry level;

3. The development of  low-cost  extrusion cooling
processes and equipment {or soybean f{lour and other 50y
products applicable to the small industry level;
b, The  development ot  processes  and equipment  for
preparing low-tat soybean flour upplicable to the village
and small Industry level;

5. The development of processes and equipment ftor soy
flour supplemented baked products applicable to the small
industry level:
6. The development  of  processes  and equlpmens for
fermented and coagulared soy-based products applicable to
the home, village and small lndustry level;
7 The establisament of appropriate systems technolopgies
for handling, storage and packaging of whole soybeans and
soy products; and

8. Supportive training program in oilsced processing and
utilization.

*/ additional cowponents may be added at a later time
according to rstablished procedures.

The project will finance the following inputs to
accomplish tiese compunents:

1)  supplemental staff at CIAE at the sclencistl, technical
and labourcr level; 2) training for Indian scientists; 3)
U.S. scieatific consultation  and 4) some  laboratory
e¢qulipment. I> scientists  will  be  supported by  the
subproject. 58 months of direct subproject related training
and 50 months of support in academic and other trailning will
be provided. 25 months of scientitic consultation are plaunned.
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ILLUSTRATIVE BUDGET FOR SOYBEAN PROCESSING AND UTILIZATION

(GOI AND AID)

ALL FIGURES DENOMINATED IN U.S. DOLLARS

($000)
AID GOl TOTAL
FY LC TOTAL LC
Training, Workshops 552 24 576 - 576
Consulting Services 375 - 375 - 375
Comnodities & Equipment 527 356 883 - 883
Facilities - - - 174 174
Office Equipment/Supplies - - - - 80
Operaticual Research - 142 142 - 142
Vehicles - - - 28 28
Maintenance 196 - 196 459 658
Staff: Present - - - 109 109
New - 152 152 163 315
TOTAL 1650 674 2324 1013 3337

Figures shown above are estimates and are subject to change.
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SUBPROJECT 3 BIOLOGICAL NITROGEN FIXATION

The biological nitrogen fixation (BNF) process supplies
most of the nitrogen requirements of leguminous crops. The
pulses like Bengalgram, peas, pigeonpea, greengram, blackgram,
lentil, soybean and groundnut are important fr-d crop legumes
in India. The importance of these crops is illustrated by the
fact that the GOl has targeted oilseed prode~tion at 13.5
million tons and pulse production at 14.8 miiiion tons for

1982-83.

Currently, pulse yields in India are less than half the
yields of cereal crops. Cereal yields aro generally higher
because of the availability of HYV's and the use of nitrogen
fertilizer. Fertilizer nitrogen is essentially dependent of
fossil fuels and therefore, increasingly expensive. Moreover,
since tood crop legumes are capable of biologically fixing
nitrogen trom the atmosphere, it i prudent aud critical that
ways be found to utilize this process more cltectively for
meeting crop nitrogen requirements in the future,

A number ot species of bacteria and algae have the ability
to utilize (tix) gaseous nitrogen trom the air, Some of these
micro-organisms work sywbiotically in unodules on the roots of
plants and reqnire an energy source trom the host plant.
These bacteria (Rhizobia) thus far are the most important in
terms of agricultural legumes crops and have been shown o fix
up to 400 kg/ha/yr of nitrogen under ideal conditions.

A major limitation to development and promotion of
appropriate cultures for leguminous crops 1s  the lack of
viable ecffective inoculants for many of the legumes. The kind
of legume and  soil  conditions viry betweea different
locations. Roizobium strains need to be selected tor
particular legumss and soil and climatic conditions. However,
rhizobium inoculants are highly perishable and often  lose
viability bfore reaching their destination.

Priority components of the subproject will be to: (1)
survey and screen different BHF systems under agro-climat ic
conditions 1in India and to develop a Natlona! Culture
Collectiou of both Rhizobium and Azvspirillum; 2) to
ascertain whether significant yield increase can be obtained
using available legume inoculation tecnnology; and develop a
procedure to ensure quality of legume inoculants available to
tarmers,
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This project will benefit greatly  from Indo-U.S.
collaboration. The technology in the U.S. is highly advanced
and there are more centers of BNF research in the U.S. than in
any other country,

SUBPROJECT 4 NATIONAL CENTER FOR ENERGY IN AGRICULTURE

The rural agriculture sector of India makes extensive use
ot non-conventional energy  sources. Firewood, plant and
animal residues, human and animal power and direct and
indirect solar energy are presently used 1in the rural
household and village setting for g variety ot tasks related
to agriculture. Because of the constraints on resources and
necessary capital needed for development ot large scale
comnercial sources ot energy, the agricultural sector in India
must develop and rely on conventional alternative sources of
energy. This requires  careful analyses ol the  new
technologies especially in terms ot their potential
suitability to the rural setting as well as the cost and
management requirements for their adoption. Nevertheless, the
finite supply and escalating prices ot the world's oil dictatoe
that new and euhanced use ot renewable cnergy techuologies
mUSC occur on a broad scale throughout India even though the
preseant cost ot many of thesc technologies is beyond the reach
of many of the rural populiation at present.

A broad rauge ot alternative energy  sources  and
technologies can be developed. lone of these will alone otfer
a complete solution to the energy requirements. Thus,
considerable effort is uceded ro iq;ntify, develop and
disseminate these resources.

Ihe agricultural sector in India has a critical need to
develop new cuergy techinoiogies, both for production
agriculture and the post harvest technology. The lack of
suitable transportation, packaging, stourage facilities and
other processing industries uccount for high tood losses 1in
India and low returns to the growers In the event ot the good
crop. During the last ten years the GOI has tnitiated a
number of projects aiwed at solving thesce problems. Progress
has been made in certain areas such as biogas producti-n and
limited use of solar energy. However, the GOl recogoizes that
more effort is needed, particularly in the rescarch and
development of new technologics.
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SUBPROJECT 5 ON-FARM WATER MANAGEMENT

There is cnormous $cope throughout Indig for lmproving
rainfed agriculture througii better utilization of rainfall in
relation to regionally specific land uge Capabilities,
Although existing and planned irrigation schemes 4re critical
to agricultural production, irrigation facilities alone will
not be availale to maximize Prouductivity for g4 Mmajor portion
of India's rainfed agroclimatic zones,

Increased population has placed nipgnh  demand on soil,
timber and water Iesources tnroughout the country. The needsg
of food, fodder and  fuel have resulted in uncontrolled
exploitation of torest aud  s0il resources. Delorestation,
besides reducing timber resources, has resulted in severe sojl
erosion, reduced ground water recharge, higher incidence of
flooding and sedimentation problems. The nature ot monsoon
rainfall in 14dji, aggravates Lhese conditions 2specially under
improper management , Ono  the average  nearly 6,7 milliog
hectares of dgricultural lanpd are  flooded annually while at
the same time gore than 50 districes are declared drought
stricken,

Soill conservation has been practiced In India since the
First Plag period.  Nearly 23 willion hectares constituting
132 ot the total cultivated area hyg received some sort of
conservation prograpy, However, there 15 now a nced to rethink
concepts regarding sofl conservation proyrams because of the
changing agricultural production technology and increased
Population  pressure on  land  resourcesy, Moreover, the
availability new technologies f[or computing hydrologic
data, quantitying cliwatic, soil ang groundwater parametersg
ofters a pew approach ror evaluating land uge productivity
while maintaining cffective tOnservation measures gt the same
time,

Lonservation effores MUSE now be conceived ip view of the
needs for tuod, fuel gng lodder, Thus, development of an
etfective means to Hanage resources ang maximize productivity
requires scientific analysis of jpn integrated ecosyntem. Thig
involves lnlegrating conservaton technology with production
technology so that farmers benerit aud the natural resource
base of the nation ig Protected, Conceptually, a number of
scientific disciplines pust be  interrelatoed In  order to
develop land and water management systems,
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This subproject will be implemented through the TICAR and
will establish and strengthen a National Agroforestry Resecarch
Center. Coordination with other Indian centers, universities
and institutions involved in forestry and related resource
management problems in improvement of tree crop systems will
be developed. The objectives of the broject will he to
counduct necessary supporting rescarch on tree crop genetics,
soils, ecology, paysiology, biochemistry, tissue culture and
other fields to support the tree improvemeat effort tor social
and production ltorestry in agriculture systems. Specific
priority activities will tnclude, but nol be limited to, (1)
special studiecs aimed at detfining forest-food crop production
systems under diffcerent agroclimatic conditions, (2) selecting
superior tree specles and genetic ilmprovement , (3)
establishing seed orchards and (4) field testing plant
comumunities tor ctficiency of biomass production. Special
emphasis vill also be given to training ot torest scientists.

Strong and active collaboration witi U.S. Institutions
with advanced experience in  forest rescarch and  resource
management will be brought into the subproject,

This activity will complement the bilomass research and
development activities suppurted under the Alternative Energy
Resources Development project (386-0474) as well as the
activities planned under the proposed FY 1984 Furestry
Research, Training and Extension Project (386-0488).

OTHER SUBPROJEUTS

Other areas ot agricultural research already identitied by
the Indo-U.S. Subcommission can be cousidered for inclusion in
this project. The list of topics sclected for research cover
important problems; such as, livestock breeding technology
with emphasis on efficiency ot production and animal utility,
pest management including the use of inscet pheromones and
control of nematodes, and research on biloregulant and plant
hormone utilization, management of agricultural cducation and
research systems.
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Major advances have been achieved  through  this
coordinated research wodel for the  production ot several
crops, most uotably wheat and rice. Indian sclentists further
developed basic genetic materials from abroad to incorporate,
among  other  things, desired grain quality, Dbroad-based
resistance Lo pathogens and better adaptation to the country's
ditfering ccological zouvs.

Several ot the All Iadia Coordinated projects will
relate to the research to be financed under the project. They
are soybeans, oilscoeds (groundnut), post-harvest technology of
fruits, vegetables, citrus aud potatves.

d.  Other Rescarch Projecty

The “CAR also conducts operational research projects
in specitic ocels of the country to gain an insight into the
socro-cconvale constraints affecting the adoptiou of research
results. 16/  The soyb.oan precessiug and utilization subproject
will finance an operational research compounent for Lesting and
demoastrating che subprojects research results. LCAR  also
Supports a aumber of 4 Lhoc research projects conducted by

individua! institulions.

e. The Lab-tou-Land Program

In 1979, the ICAR instituted an experimental program
which aims o transter the latest  proven and viable
agriculturul tochuology to 125,000 farm families of small and
marginal Varvmers, landless laborers aud other communities in
rural setting. representing the Povrer socio-cconomic groups.
The Lub-to-land program is being implemented by the Council
throunh the vXlstiug research centers ot the TCAR institutes,
agricuttucal universities, aftiliated agricultural colleges
and voiuntary ovganisations. Sclentists in over 300 rescarch
locations of the [CAR are parcicipating in this program.

The Lab-to-Lund program is operating in eight agroclimatic
zones  in India aud  involves the selaction o1 target farm
families who receive asslstance, empinasizing families having
one Lo two hectares ol land and are willing to adopt new
agricultural techuology. [ICAR scieutists are developing and
implementing iadividual farm plans for the selected families.
In addition, training ot farm youth aud farw women is alsgo
being  undertaken to accelerate tre adoption  of new
agricultural techuology.

16/ These projects are listed in Annex C, Appendix D.
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The program has provided a farm level interaction for
research scientists that will permit the design of highly
relevant research activities to cope with farmer's problems,
Based on the success of the program, the ICAR has decided to
extend it until May 1985. About 75,000 new farm families are
expected to be iuvolved in the program's second phase.

3. Staffing Policies

The ICAR has constituted various selection committees
interview boards for the selection of personnel for scientific
and technical posts at the ICAR headquarters and at the
institutes.,

Boards have also been set up for the selection of
Directors in various grades at the institutes. Boards include
the Chailrman of c¢he Agricultural Scientist's Recruitment
Board, the Director General or his representative and tio to
three advisors, The President, the Vice-President, the
Director General, the Directors of the iostitutes and  the
Secretary alse  have specific appointing authorities for
specitic salary levels.

The recrurtment board 1s responsible tor the recrultment
to posts 1n the Apricultural Research Service (ARS) and orher
such posts and services as may be specified by the President.

ICAR has 2 comprehensive personnel policy and proccdures
to recruit qualified staff, provide career development
opportuaities at all staft levels and offer a good promotion
potential. ‘Through this system, including the ARS, the I1CAR
has been able to attract uwumerous qualiticd Indian scientists
and technicluans, caploying over 13,000 people.

C. Sociov-Economic Anulysis

It is possible in principle to assess the ecconomic gains
Likely to accrue from agricultural research programs or f{rom

particular agricultural research activities such as  the
subprojects proposed tor tunding wunder this project. Since

the late 1Y60's a large number of ¢X podst benetit-cost
analyses of agricultural research have been carried out and a
good deal of «fturt has been devoted to the development of ¢x
ante models for agricultural research resource allocation,
Theee include benetit-cost as well ws  more comprehensive

economnic mudels.l?/ Unfortunately, these ex aute methods are

17/ Vernon W. Kultan, Agricultural Riesearch Policy,
Miuncapolis: University of Minnesota Press, 1y82; see
Chapter 10, '"The Economic Benefits tfrom Agricultural
Research", and Chapter Ll, "Research Resource Allocation',




-27-

grnerally relatively expensive to apply and require an
e«censtive base ot high-quality data. Also, ex ante estimates
of long-term research benefits necessarily remain highly
speculative and subjective, and there is a yide range of
plausible outcomes .18/ Consequently, neither the ICAR nor
USAID has attempted to carry out ex ante benefit-cost analyses
of the initial subprojects. However, —a  University of
Minnesota consultant provided under AIL's Asia Agricultural
Research Review Project assessed the overall productivity and
distributional impact of agricultural rescarch in India as
well as the prospects for cach of the subprojects,  His report

is included as  Annex B. This  section summarizes the
consultant's conclusions on benetits and benefit incidence and
adds some observations on socio-cultural feasibility

participation, replicability and on the role of wome:n .,
Additional subprojects cousidered for tunding  under the
project will include an economic analysis us 4 part of the
subproject proposal.

L. The Economics of Apriculiural Research  in India:
Overview
—LVIEw

A number of studies in  past investment in Indian
agricultural rescarch have indicated that the rates of
return from research have been tiigh. The estimates on
internal rates of return are summarized in Annex B Table
l. 1t should be noted that most ol the returns  to
research 1n  the ecarliest study  (Evanson) are due to
reseavrch betore the "Green Revolution" wheat and rice
varietics werce introduced. Thus, (t was lndian researci,
not research in Mexico or the Philippines, which produced
these results.  The new agricuitural technology of  the
mid-sixties d«id lift the productivity ol the research
system and  this probably accounts tor the dittercnce
between the two time periods in the latoer study by bal and
Kahlon. The higher rates of return to agricultural
research may also reflect increasingly tavorable pricing
and other policies for foodgraius strer the mid-1960"s.19/

18/ ibid., Chapter 11, und ¢. Richard Shunway, "Models and
Methiods  Used to  Allocate Kesources in Agricultural
Rescarch: A Critical Review", in Thomas M. Arndt, Dana G.
Dalrymale and Vernon W. Ruttaun, Revource Allocation and
Productivity in National aund Anternational Agricultural

Research, Minneapolis: University of Minncsota Press, 1977.

19/ USAID/India, "Agricultural Growth 10 India: Policies,
Performance and Impact", May 1982, Section I,
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The high-yielding cercal varieties (HYV's) introduced
in the mid-1960's were highly responsive to fertilizer and
pertormed best under irrigated conditions. Consequently, they
had the greatest impact in those arecas already well endowed
with institutional and physical infrastructure and have
probably served to widen regional income disparties (see Annex
A, Table 2). With respect to the incidence of benefits
between  producers  and consumers, between large and small
tarmers and between ftarmers and landless laborers, however,
the recent evidence suggests that the overall distributional
impact has been favorable. Real foodgrain prices have
declined since the miu-1960's (see Annex A, Table 1); the poor
have benetitted most ftrom thisg decline, since they spend
50-60% of the:r 1nceme on toodgrains, whercas the rich spend a
much smaller percentage of their income on basic food items.
Small farmers have been quick to adopt HYV's (despite a
tendency to lag behind large farmers initially), and the HYV's
themselves  have  increased employment .20/ Overall,  the
toodgrain production increcases associated with HYV's may have
resulted in an ilmprovement in rural income distribution.2l/
In Punjab and Haryana, the states with the most rapid
foodgrain production growth in the 1960's and 1970's, the
percentage ot the rural population below cthe poverty line
declined to 127 and 23% respectively by 1977-78, as compared
with the Indian average ot 51%.22/

Returning to the issue of impact oan productivity, the
fact that rates of return to research investment have bceen
high in the past does uot necessarily mean that returns to all
new rescarch projects will be high or even positive. There
has been and will cootinue te be considerable variation in the
rates ot return on individual projects. The results of this
proposed  project, whose  component sub-projects are not
homogenous, may also show substantial variation. However, the
high pay-ofis trom the sub-projects that are successful is
likely to bu sufficient to make up Lor those that are not.

20/ ibid., Section  1lI  and M. Prahladachar, "Income
Distribution Eifects of Green Revolution in India: A Review
of Empirical Evidences, "University of Miunesota, Economic
Development Center, aApril 1982, Section l.A and 2.

N
—
~

USAID/India, op. cit., Section LII.A.

|

22/ ibid., Section IV.A.
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2. Soybean Processing and Utilization

Soybean cultivation in 1India was introduced during
1971-72 and has increased to about 600,000 hectares in
1980-81. The major expansion of soybean cultivation has taken
place in Madhya Pradesh where this proposed subproject will be
implemented (Bhopal). The projected land area for soybean
cultivation is targeted for 1.8 million hectares during the
Sixth Five Year Plan. 1In as much as soybeans do well in the
dry farming arcas and under diverse soil/climatic conditions,
soybcan hectarage and production should continue to expand
rapidly. From the nutritional standpoint, soybeans contain
about 40 percent protein and 20 percent oil, characteristic of
a product having high protein/cucrgy ratio. Supplementation
of the traditional ccreal based mixed diet with soy products
can provide protein quality and quantity appreaching that of
animal protein. In addition to its high food value, soybeans
arc one of the least expensive sources of protein.

Although soybeans were introduced in India primarily
as an additional protein source, this main  objective g
currently not being mot. Past rescarch emphasis in India has
been primarily on the utilization o soybeans to augment oil
production. Laboratory studies at lndian universitics (G.B.
Pant University of Agriculture and Techuoloyy, Pantnagar,
J.N.K.V.V., Jabalpur aand the University of  Apricultural
Sciences, Bangalore) and elsewhere have established that
soybeans can be used in various Indian food preparations,
lowever, these studies have not addressed the widoer usage of
soybeans by attempting to develop equipment and  proceosses
appropriate to village soybeun processing induslries.

This subproject emphasizos the development and
establishment of village level operation units f{or those soy
processing techuologies which hold particular promise for
adoption. The production of various soy products constitute a
capability for rural industry to increase income  and
employment for the rural sector. Such pilot level operational
studies hold a key for adoption by private cuterprise and the
local industry sector.

Large scale utilization of soybean food products 1in
the rural arcas depends on an awareness of the nutritional
benetits of such products aud on  the development  of
appropriate products. This concern will continuously be at
the forefront ot specific rescarch priorities of thig
subproject. This will be done by malntaini~, close linkages
with the All India Coordinated Project on Soybeans as well as
the all India Coordinated Scheme on Post Harvest Technology.
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The implementation of village level operational processing
units will be evaluated in terms of economic feasibility and
acceptability of the products produced. Techno~economic
studies including lwouschold and village-level testing for
product marketability will be carried out during years 3-5 of
the project with the assistance of the subprojects' cconomist
and management systems specialist,

3. Post-Harvest Technologics for Fruits and Vegetables

Rescarch in rruits and vegetables had o lape start In
India. The  All India  Coordinatoed Hort teultural Crops
Improvement Project was initiated only during the Fitth plan
period, 1974-79, while the ALl 1India Coordinated  Rescarch
Program on Post Harvest Techinotogy of Horticultural Crops was
sanctioned only in 1978, Under tnis program tour coenters waere
selected to conduct research on post-harvest problems; it took
three years to complete the statfing ol these centers.  This
subproject is divectly focussed on post  harvest  problems
relating to selected truits and vegetsbles at these research
centers., Its wost itmmediate objective is to streagthen and
upgrade the research capabilities of centers.  The selectoed
fruits and vegetables arve mangoes, cltrus, guava, bananas,
potatoces, onivus and tomatoes.

The aim of research in Post harvest techuology is to
increase supply of these fruils and vegetables by minimizing
losses incurred at various stages ot handling and wmurketing.
Firm estimates ol the quantum ol loss are not available.
Ofticial and scientific circles place 1t between 20 and 35
percent ol a total production of 50 million Long (truits and
vegetables combined).23/ At current prices the values of this
loss to society 1s estimated ar between $520 million and $1
billion (Rs.5 and 10 billion). The total production ot the
crops included in this subproject was about 32 million tons in
1980-81; in value terms,  the loss of these six truits and
vegetables would thus be berween $337 and $674 wmillion (Rs.3.2
and Rs.6.4 billion). These aru only tentative estimates, but
in the absence of studies dealing with post narvest losses,
these are the only estimates to go o by, Nevertheless,  the
subproject itself will lead to the  pgeneration  of  {irper
estimates of post harvest losses and where they occur,

23/ Estimates based on opinions of sciontists in the tield,
No systematic analysis is available which provides more
reliable data.
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a contingency at 5% factored in for equipment. Estimates for local
costs were based on standardized figures for locally available
equipment and vehicles as well as for local salaries. Below arc
presented the sumwary cost estimates ana tinancial plan along with
an expenditure schedule in Tables 1 and 2 respectively,

TABLE 1
SUMMARY COST ESTIMATE AND FINANCTIAL PLAN
($ Million; $1.00 = Ks.9.50)
ALD T GOI/  PROJECT

PROJECT ELEMENT FX LC TOTAL ICAR TOTAL
Training 6.0 - 6.0 - 6.0
Consultants 3.0 - 3.0 - 3.0
Equipment 4.5 1.5 6.0 - 6.0
Maint :nance 1.5 - 1.5 3.0 4.5
Building & Facilities - - - 1.5 1.5
[CAR Starf - 2.5 2.5 3.5 6.0
Project Developument &
Contingeacy 1.0 - 1.0 - 1.0
T0T AL 16 4 20 8 28

Note: These figures are approximations and may vary when future
subprojects are more well defined and developed.



TABLE 2

PRELIMINARY PROJECT EXPENDITURES BY FISCAL YEAR
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(Million §)

PROJECT

FISCAL YEAN AlD GOI TOTAL
1983 2.0 1.5 3.5
1984 4.0 2.0 6.0
1985 4.0 2.0 6.0
1986 3.5 1.0 4.5
1987 3.0 5 3.5
1988 2.0 ) 2.5
1989 1.5 .5 2.0
TOTAL 20 8 28.0

Note: These ligures are approximations and way vary when future

subprojects are wore well defined and develaped,
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3. Project Implementation Unit

The ICAR would set up a Project Implementation Unit (PIU)
to ensure satisfactory iwplementation of the various stages of the
Project including project preparation, design, annual project
reviews and wonitoriug. This unit will be stafred by professionals
who are qualified to provide support services for the subproject
research areas. Members will include designated DDGs, ADGs, Deputy
Project Coordinators and appropriate techuical and administrative
support statf,
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4. Project Administration

Subject to the uverall guidelines approved by the PAMC,
subprojects will be implemented by the participating institutions in
accordance with their rules aad regulations with regard to
appointment of statf, purchase of equipment and construction of
buildings and laboratories. Howevaer, the approval of the ICAR would
be required tor appointment ot the head of a research subproject,
local and foreign consultants aud also for international training
assignments.

The PIU will assist and monitor subproject impicmentation
through:

(a) Participating in amnnal reviews with  participating
ingtitutions and USAID to document the project's progress and
to finalize the next year's work plans;

(b) Reviewing perivdic reports on scientific achievements and
completion reperts of tne subproject.

(¢) Preparing anaual reports based on the annual reviews of
the subprojects and other materials;

(a) Reviewing statements of expenditure Lo censure authenticity
and eligibility, keeping accounts, preparing claims for
reimbursements trom AID, processing budget requests and 1in
sum, handling all GO! tfinancial reporting and accounting for
the projecet;

(e) Assisting participating institutions 1in identifying and
processing personnel to be trained under the project and
arranging for training which will take place in India;

(f) Participation in evaluations;

(g) Provide support services such as truavel and clerical
assistaace to the PAMC and the TAG.

5. USAID Project Coordinatiou Unit

The GOI and the I1CAR will deal directly with USAID in
carrying out the project. On behalf of ICAR, USAID will arrange for
all  U.8. inputs required by the project. The  USAID  Project
Coordination Unit will interact with the P LU in all operational
aspects of the Project. Its responsibilities will include:

(a) Locating and recruiting U.S. scientists for subproject
appraisal and design;
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(b) Locating, recruiting and arranging with U.S. institutions
or individual scientists as required to participate in the

implementation of subprojects;

(c) Arranging directly or through contracts for U.S. training
of participants;

(d) Arranging directly or through contracts for procurement,
shipment and delivery of project supplies and equipment

imported from the U.5.;

(e) Arranging for the logistic support (travel, housing, etc.)
of expatriate personnel working in India under the Project;

(£) Monitoring Project voperations;
(g) Participating in Project evaluations;

(h) Participating 1in annual reviews with the PIU and ICAR
implementing institution.

6. Subproject Preparation and Approval Process

Future subproject topics will be identified by TICAR.
For each new subproject, Indian scientists at their respective
institutions with the help of the PIU will prepare a preliminary
brief project identification document which defines the overall
purpose, outlincyg the technical  objectives and  conceptual
Implementation and financial framework. This preliminary proposal
will serve as the basis for LCAR to select a design team who will
elaborate and further develop the proposal into Project  doluwent
including decails required by the PIU and USAID tor approval and
implementation. The design team will consist of highly qualified
technical specialists in the concerned relevant subject matter.

Subprojcct documents will be reviewed and approved by
the TAG prior to submission to USAID for cowments and technical
concurrence. USAID concurrence will require that each subproject
clearly establish:

(a) the rcquired lndian and U.S. ilaputs (training, technical
assistanca, scientific e¢quipment , maintenance, building
facilities, ICAR staff and other elements as  appropriate)
including their estimated costs and  project scheduling over
the life ot the subproject;

(b) technical soundness;

(¢) economic viability;
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(d) importance to Indian agricultural development;

(e) the relevant policies that are conducive to adoption and
use of research results by tarmers;

(f) the institutional channels tnat are available for
extending the research results to farmers.

The subproject preparation aand approval process will
include a series of steps in which the organizational units described
above would have key roles. The sequence of events will be g5
follows:

(a) Subproject Design

The ICAR cligible institutions will prepare a proposal,
with the assistance of the PLU, whicn ig acceptable to the ICAR for
financing under this project.

The PIU will then arrange tor a design team ol experts/
subject matter specialists to be nominated by LCAR, in consultation
with USAID, to analyze and develop the subproject proposal into a
wmatually acceptable detailed project document for the final review
and approval process prior to implementation.

(b) TAG Review and Approval

The subproject document will be reviewed and approved by
the TAG and then will be submitted to USAID for comments and
technical concurrence.

(c) PAMC Keview and Approval

In the final step of the proceys, the subproject document,
the TAG recommendations and USAID's comments will be provided to the
PAMC. The PAMC will review and approve the project,

(d) After appruval by the PAMC, ICAR will work with USAID as
set forth in the approved subproject document and subsequently
specificd in project implementation letters.
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Preliminary Calendar of Project Events

1982

November:

January/February:

1983
September/October:
1984

August:

June/July:

August:

GOl and USALD sign Project
Agreement

PI10/T's and PI10/P's igssued by
USAID for initial consultation
and training

First annual review

Second aunnual reviey

Mid-terwn assessment (indepth
evaluation)

Third annual review

Fourth annual review

Secona indupth Project evaluation

Final evaluation
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The impact of nunew technology iu the different crops is
reflected in yield per acre. Table 3 shows that since 1964/65, the
most rapid growth of crop yields was 1in wheat, followed by jowar
(sorghum), cotton and tea. In contrast, the yields of the pulses
have a very low growth rate since 1904/65 and for the whole period
their growth rate was slightly negative. Croundnut yields grew at
1.67% rate from 1964 to 1980.



TABLE: 3
GKOWTH RATES IN AREA, PRODUCTION AND YEILD OF SELECTED CROPS FROM
1945/50 to 1979/80a/ (7 per annum)

AREA PRUGDUCTION YIELD
Weight in 1945/50 1964/65 1949,/50 19459/50  1964,55 1$49/50 1949/50 1964/65 194S/50
the proauc- t0 to to to to to to to to

tion Inaex 1964/65 1979/80 1975/80  1964/65 1974/80  1979/80  1964/65 1979/80 1979/80

Fooagrains 64.12 1.4 0.6 0.8 2.0 2.9 2.5 1.4 1.9 1.4

a. Cereals 60.05 1.2 0.7 0.9 3.2 3.3 2.9 2.0 1.9 1.6
of which:

Rice 33.98 1.3 0.8 i.0 3.5 2.5 2.4 2.3 1.7 1.4

Wheat 12.16 2.3 3.8 2.8 4.8 7.5 5.8 2.4 3.6 2.9

Jowar .46 1.1 -1.0 -G.1 3.2 1.7 1.3 2.1 2.7 1.4

b. Pulses 8.07 1.3 0.1 0.4 1.4 0.1 0.1 -0.5 0.1 -0.1
of which:

Gram 3.58 1.7 -0.6 -0.5 2.7 -0.1 0.1 2.5 0.5 0.5

Tur 1.35 0.8 0.1 0.4 -1.3 0.9 -0.1 -1.9 0.8 -0.6

Non-Foodgrains 31.88 2.5 0.6 1.3 3.5 2.4 2.6 1.0 1.1 0.9

a. Dilszeas 10.96 2.7 0.1 1.2 3.2 1.5 2.0 2.3 1.2 0.5
of which:

Grouncunuts 4.82 4.6 -0.3 1.7 4.2 1.5 2.2 -0.1 1.6 0.4

Rapeseed &

mustard 1.73 2.9 1.3 1.8 3.5 1.7 2.9 3.1 0.4 1.1

b. Fibres 4.03 Z.6 -0.3 0.6 4.5 2.0 2.3 1.7 2.2 1.5
of which:

Cotton (lint) 3.01 2.5 -0.3 0.6 4.6 2.4 2.6 2.8 2.7 2.0

Jute 0.81 3.0 0.1 0.8 3.5 0.9 1.3 0.6 0.6 0.4



AREL PRODUCT iGN YIELD
keight in 1945/55 1904765 1v49/55 Tudw/oU 1964/65 1244/50 1949/50 1%64/65 194G/50
the proauc- tc to to Lo to 10 Lo to to
tion [ngex 1964/65  1979/8C 1475780 1964765 147ws4( 1475/80 1964/65 1975/80 1979/80

Non-Foodgrains (conta.)

C. Plantation Crops 2.28 2.4 2. 2.3 2.6 3.9 3.2 0.2 2.5 1.8

of which:
Tea 1.85 0.5 0.7b/ 0.8¢/ 2.0 3.3b/ 2.5¢/ 2.2 2.60/ 1.7¢/

Coffee 0.24 2.5 3.3b/ 2.5¢/ 7.0 4.9 5.1 4.4 1.6 2.4

Rubber 0.19 8.9 4.9 5.8 6.7 8.4 8.8 -2.0 3.5 2.0

d. Congiments & Spices 2.31 1.7 1.7 1.7 1.9 1.7 1.6 D.2 -0.0 0.1

e. Fruits & Vegetables 3.97 4.1 2.4 3.4 4.5 4.3 4.7 0.4 1.8 1.5

T. Miscellaneous Crops 8.33 3.0 Z.6 2.2 4.3 z.4 2.0 1.3 i.0 1.0
of which:

Sugarcane (Gur) 7.01 4.4 1.5 2.1 5.6 2.4 3.1 1.1 0.9 1.0

Tobacco 1.18 1.7 .3 0. z.4 2.2 z.1 0.7 1.6 1.3

A11 Crops 100.00 1.6 0.6 0.5 3.1 2.7 z.5 1.4 1.6 1.3

a/ Average annual compound growth rates nave teen estsimated by fitting
semi-logaritnmic least squares time trends to tne relevant ingex number gata.

G/ Relates to tne perioc 1964/65 to 1v78/76

Relates to tne periog iv45/50 1o 1478/79.

Source: Ministry of Agriculture, Oftice ot tne Economic ana Statistical Aavisor
in worlc sanx Economic Sit.ation anag Prospects in Inagia, 1981.
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One of the most important impacts of the new food grain techno-
logy has been to push down the real prices of food grains. This is
frequently missed by the casual observer and by some consumers
because the nominal price continues to rise. Figure 1 shows the
rapid decline in real prices of food grain since the introduction of
the HYV grains in the late 1960's. This decline is particularly
important to the poor who spend 50 to 60 per cent of their income on
food grains. Thus they benefit much more {rom the price decline
than the wealthier groups who spend a far smaller percentage of
their income on grain.

Among producers many micro studies indicate that the big land-
owners benetitted more trom the new technology ot the 1960's and
1970"'s than swall farmers or the landless. Thus iucome distribution
in the countryside may have worsencd somewhat during this period.
However, one recent study of rural expenditure patterns shows that
in 8 states, income distribution improved while in the rest there is
no evidence of worsening distribution. 1/ Also, the lowest income
groups - the landless laborers - scem to have twproved their real
income during the Creen Revolution in most States. The most
rigorous study of real wages shows that real wages ot agricultural
labor increased in 8 of 13 major States studied increased between
1960 and 1971. 2/ If this technology were not available, it seems
likely that the income distribution problem would be even worse than
it is today.

The fact that rates of return to research investment have been
high in the past does not necessarily wean that the returns to all
new rescarch projects will be high or even positive. ‘There has been
and will continue to be considerable variativn in the rates of
return on individual projects. Almost all of the major crops have
been the subject of major research projects in India but as Table 3
shows, the yicld per acre of many of them have not grown
appreciably. This is partly due to the small investment in research
on these crops, but there still are wany projects that are not
successtul or which have no practical application. However, the
extremely high payoffs from the research  projects that are
successful are sufficient to make up for wmany that are not.
Research projects always have some uncertainty, but the uncertainty
ot practical payoffs can be reduced by planning. Thus the next
section cxamines the possible payoffs to the specific projects.

1/ Montek S, Ahluwalia "Rural Poverty in India: 1956/57 to
1973/74" World Bank Staff Paper 279, May 1978,

2/ Deepak Lal "Agricultural Growth, Real Wages, and the Rural
Poor" Economic and Political Weekly, June 197,
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IT. POTENTIAL BENEFLTS OF THIS PROJECT

This project is intended to strengthen one of the largest and
most productive agricultural research systems in the world. This
system has developed beyond the stage ot adopting technology
developed elsewhere to the stage of plaonning and developing its own
agricultural research. Thus USALD and the GOI have adopted the
strategy of jointly agreeing on priorities through a Conference of
Indian and American scientists. The projects identified in thig
manner more clearly retlect the concerns of lIndian scientists and
their perception of the areas in which they can have fruitful
collaboration with American scientists than have AID financed
research projects in the past. In addition. the priorities reflect
the tact that local resources are quite readily available for applied
research programs which have had highly visible payoffs such as wheat
and rice breediug while local resources are not 80 readily available
tor new areas such as post harvest technologies for soybeans and for
fruits and vegetubles, where there have not been any breakthroughs
in India. An additional factor in the chotce of crops for post
harvest work is that work on several of the other crops is being
tinanced by other donors. The post harvest problems ot the ma jor
toodgrains are the subject ot research linauced by UNDP. Research
on apple processing and postharvest technology 1s being carried out
by a project financed by the World Bank. Many ot the other
subprojects which have not been taken Up are more bastce rescarch
chosen on the basis of india's nceds. Basic tesearch has liad to be
strengthened 1in India to provide the backup tor an c¢ftective applied
research program.

The most reliable data on the level and trends in production of
the crops considered here are data on potatoes and soybeans.  The
data on outputs of mangoes, citrus, grapes, onions and tomatoes are
basically educated guesses. ‘The available data on the production of
these crops is presented in Appendix Tables 1-4, They indicate that
the production of most ot these Crops Lxcept perhaps citrus has been
rising. Soybean has had by rar the most rapid growth largely due to
the low base frum which it started. Potato production has also
grown very rapidly with production doubling in the last ten years.
Both the available statistics and [ARI 6clentists suggest that there
has been slow growth in the production of the other Crops over the
lagt decade. The one exception to this may be grapes which has
experienced rapid growth in gome specific locations.

On  the production side, most of these  crops  have not
experienced a major shift in technology. Yield lncreasing technology
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accounted for some of the growth in potato production. However, the
only other reported breakthrough in production is the introduction
of grape production into Nasik district and the use of Gibberelic
acid to double yields there. A dwarl mango variety which starts
yielding in 6 instead of 16 years has been developed, but not yet
released by IARI. Other commc'ities at best experienced some
improved management and increased in productivity,

A more important factor in explaining the trends of the recent
past and uvecar tuture is increasing demaunds. Por capita income has
been rising in India over the last decade at the game time as the
population was rising rapidiy. Thus the demaud for all of these
commodities has been increasing. However, demand for fruits
increases even more rapidly than per capita income growth. Table 4
shows the percentage change in demand for a X increase in per
capita income.

TABLE 4: INDIA - EXPENDITURE ELASTICITY ESTIMATES
RURAL URBAN
Pulses 0.86 0.81
Edible 0Oils 1.00 1.01
Meat, Fish Eggs 1.15 1.12
Vegetables 0.82 0.94
Fruits, Nuts 1.26 1.54
Sugar, Khandsari 1.51 1.06
Gur, Other Sweetners 1.09 0.53
Spices 0.67 0.50
Beverages 1.20 1.43
Tobacco, Puan, Intox. 0.90 0.96
Clothing 1.82 1.68
Milk and Products 1.73 1.43
Rice 0.71 0.42
Wheat 1.01 0.55
Maize 0.03 -0.76
Sorghum, Millet 0.07 -0.59
All Other l.11 1.28
Foodgrains 0.63 0.39

Source: Jan A. Hitchings '"Demand Projects tor India" in India;
Demand and_ Supply Prospects for Agriculture, World Bauk
Staff Working Paper No.5000
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Government intervention has also some impact on the demand on
these commodities. With oilseeds, the Goverument has restricted
imports of edible oils which raised the price of oils internally.
Government purchases of soybeans were the key factor in their early
diffusion. It aa. also purchased onions and potatoes which
increased demand. Some of these crops have been exported every year
to South East Asia, the Middle East aud elscwhere. A small amount
of potatoes do go to Nepal and some of the best quality mangoes are
exported Lo the Middle East. Some hand-picked, selected groundnuts
are exported and some of the oilseed cake too. Goverument restrict-—
ions on groundnut and cake exports have sometimes depressed local
prices for groundouts.
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TABLE: 5 QUANTITY AND VALUE OF EXPORTS AND IMPORTS OF SELECTED

OILSEEDS, FRUI'LS AND VEGETABLES

IMPORTS LEXPORTS

Qty (MT) Value (Lakh Re) Qty (MT) Value (Lakh Re)

Vegetable 01l 953,300 51920 - -
(1978/79)

Mango - -. 1,276 25
(67-68 -71/72)

Grapes & Raisins 25,335 59] - -
(67/068-71/72)

trus 594 3 303 5

Litru
7/68-71/72)

N

i
(6

Potaios - - 13,985 201

(797805~

Union - - 56,014 872

Sourcus: NAFED, World Bauk and National Commission on Agriculture
1976 Parc VI,

The high incowe clagticity of lewand also implies that the Indian
demand tor fruit will continue to expand more rapidly than other
crops in the unear future. This tact in conjunction with the slow
growth of yruit production which ig implied by the production trends
ol fruit itwplies that fruit prices will be increasing in the future.
The demand for vegetable oil has also outpaced production in the last
decade and promises to coutinue to do $0 in the unear f{uture unless
there is a dramatic breakthrough in groundnut technology. This gap
between 5 pply and demand has been wmet by 1mports which could make
edible o1l imports the gecond largest user ot foreign exchange in the
near tuture. Only vegetables of the crops in this project have an
Income clasticity less than oue. ‘Tne size of this clasticity and the
rapid growth of potato production has forced the price of potatoes
down even further than foodgrains in real prices. There is insuffic-
icnt data to deduce the relative growth rates of supply and demand
for onions and tomatoes,
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APPENDIX B

TABLE:2 INDIA -~ ONION PRODUCTION
YEAR AREA PRODUCTION

(ha 000) (Tons - 000)
1974-75 195 2048
1975-7¢ 215 2242
1976-77 192 2164
1977-78 N/A 2388
1978-79 N/A 2564
1979-80 250 2490

—-.—___.......__—_——.——_——————————_—_---_—_-—-—-——-_-——————————————-.—_—-____
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APPENDIX C
TABLE: 5 INDIA - SOYBEAN PRODUCTION
YEAR AREA PRODUCTION YIELD
thousand ha thousand tons kg/ha

1969-70 24 11 458
1970-71 30 18 600
1971-72 32 20 625
1972-73 35 25 714
1973-74 90 30 333
1974-75 90 35 389
1975-76 100 70 700
1976-77 200 150 750
1977-78 225 180 800
1978-79 275 220 800
1979-80 400 300 750
Compound Growth

Rates /4 A X
1969/70-1978/79 2.9 3.4 0.5
1969/70-1979/80 2.9 3.4 0.5

Source: World Bank Estimates
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Attachment 2

THE WORKING GROUP ON RESEARCH AND EDUCAT ION

INDO=-U.S SUBCOMMISSION ON AGRLICULTURE

June 3 and 4, 1982

INDIAN DELEGATION

0.P. Gautam Se(retary
Government of Lndia
Director General,
Indian Council of Agricultural
Research

R.M. Acharya Deputy Director General
Indian Council of Agricultural
Research

G, L, Kaul Assistant Dircctor General
Indian Council of Agricultural
Rescarch

R.N. Rau Joint Secretary
Government of India
Secretary,
Indian Council of Agricultural
Research

Sukdev Singh Vice Chancellor
Punjab Agricultural University
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PROJECT DESIGN SUMMARY
LOGICAL FRAMEWORK (Contd.)

MEANS OF VERIFICATION

Data

1. MOA reports
2. 1CAR records

Data

1. ICAR staffing patterns for three
subprojects.

2. 1CAR records on building space
allocation of three subprojects.

3. ICAR records on assignment of
experimental land.

4. ICAR racords on laboratory and
similar space and equipment inven-
tories for these physical factlities.

5. ICAR annual reports to AID.

. AlID monltoring.

7. Contractor reports.

<

Data

1. ICAR reports to AlD.

2. Contractor'reports to ICAR and AID.

3. Published scientific reports by
Indfan and U.S. sclentlsts.

4. Final e¢valuation results.

Data

Contractor records.
. ICAR/AID monitoring
ICAR reports to AID.
. GOI/ICAR audits.

AID audits.

v B e N
. . .

IMPORTANT ASSUMPTIONS

Assumptions for Achieving Goal Targets

1. An appropriate adaptive research system
exists.
2. Suitable extension program exists.

Assumptions for Achieving Purposes

1. TCAR able to get needed new positions
approved.

2. ICAR can achicve timely coustruction of
necessary buildings, laboratories, etc. or
such faecilitfies avallable for hire.

Assumption for Achleving Outputs

1. 1CAR and GOl makes requlred budget avialable
on a timely basls.

2. AID and U.S. coutractor ahle to deliver
collaborating U.S. scientific expertise of
high quality.

Assumptions

1. Inputs by AID and GOI/ICAR provided as
scheduled.



STATUTORY CHECKLIST ANNEX F

Listed below are, first statutory criteria applicable gencrally
o FAA funds, and then criteria applicable to individual fund
opurces: Development Assistance and Economic Support Fund,

General Criteria tor Country Eligi ‘ility

1.FAA Sec. 113. Has particular
attention been given those programs,
projects, and activitics which tend to
integrate women into the national
economies of developing countries, thus
improving their status aund assisting
the total developuent ctfort?

2.FAA Sec. 116, Can it be demonstrated
that countemplated assistance will
directly benefit the needy? I[{ not,
has the Department of State determined
that this government has engaged in a
consistent pattern ot gross violations
of internationally recognized human

rigihts?

3.FAA Sec. 481, Ias it been Jetermined
that the government of recipient
country has failed to take adequate
steps Lo prevent narcotics drugs and
other controlled substances (as defined
by the Comprenensive Drug Abuse
Prevention and Control Act of 1970)
produced or processed, in whole or in
part, in such country or transported
through such country, from being sold
illegally within the jurisdiction of
such country to U.S5. Goverument
personncl or their dependents, or from
entering the United States unlawtully?

4.FAA Sec. L20(b). Lf assistance is to
a government has the Secretary of State
determined that it is not controlled by
the international Communist movement?

This project is designed
to improve the
productivity and incomes
of the rural poor
throughout India; both
men and women will
benefit equitably,

The assistance will
benetit the needy
through providing
improved agricultural
technologies wiiich should
result in increased f{ood
production preservation
and utilization,

No.

No.
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