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PREFACE

This report was drafted by a team of AID staff from Washington
and USAID New Delhi. The report is based on a review of documents
prepared by the Government of India (GOI), Indian universities and
research institutions; AJD and other U.S. Govermment (USG) agencles;
{aternational {nstitutions (e.g., the World Bank and International
Crops Ianstitute for the Semi-Arid Tropics - TICRISAT); and the
writings of 1{individual Indian and U.S. researchers, scholars and
observers of Indian science and development. It is also based on
extensive interviews conducted with Indian, U.5. and international
officials, researchers, administrators and private sector representa-

tives conducted in Washington, D.C., and in India during the period

September l1-October 1, 1983.

The team wishes to express its gratitude to those individuals
in the Goverument of India and {ia Indian research {iuastitutes,
univergities and private sector organizatioms who met with the team
and accorded it a very positive reception. Specifal thanks for thelir
generous commitment of time and hospitality are due Professor M. G.
K. Menon, Member of the Planning Commission and Advisor for Science

and Technology to the Prime Minister; Dr. O. P. Gautam,
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Secretary of the Department of Agricultural Research aund Education
and Director General of the Indian Council of Agricultural Research,
Ministry of Agriculture; Dr. S. Varadarajan, Secretary of the
Department of Science and Technology; and Dr. Sukhdev Singh, Vice
Chancellor of Punjab Agricerltural University, Ludhiana. These vigits
and discussions demonstrated the strong ties that bind India and the
United States in such areas as scientif!c research. The team also
wigshes to express 1ts appreclati~n to Mr. Owen Cylke, Mission
Director, USAID/New Delhi. and his staff, who were very supportive of
the team's efforts, substantively and loglstically. Pgrticular
thanks are due to Ms. Dorls A. Withee and the FSN gecretarial staff
of the Mission for excellent logictical and typing support, and to
Ms. Kit Holcomb of the Science and Technology Bureau, AID/Washington,

for painstaking modifications of revised drafts. .

The team appreciates the spirit of open inquiry and dialogue
with a wide range of Mission staff. The team also benefitted from
dlscussions with various members of the Embassy staff, especially
with Dr. S. Ahmed Meer, Counselor for Scientific and Technological
Affairs; Dr. Dennis Johmnsen, hia Deputy; and Mr. S5.K. Dutt of the

Science Counselor's office.
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This report 18 but one step in what must be a process of
dialogue. The team will have fulfilled 1its mandate if this repo-t
and the discussions that 1lie behind 1t accelerate that process,

leading to significant implementation measures during the next twelve

menths.

A 1list of interviews and key documents reviewed are contained
{in aunexes at the end of the report. Conclusions and recommendations
are thogse of the team and do not congetitute official positions of the
Goverrments of India or the Uunited States. Similarly, the team

assumes respongibility for factual omissions and errors.

The team members included:

John R. Eriksson, Deputy Assistant
Admiunistrator for Research, Bureau
for Science and Technology, AID
Washington (team leader);

Robert Simpson, Director, Office
of Technical Resources,
Bureau for Asia, AID Washington;

Anson Bertrand, Director,
Office of Agriculture, Bureau
for Sclience and Technology, AID
Weshington;

George Curlin, M.D., Director,
Office of Health, Bureau for
Science and Technology, AID Washington;

Robert Ichord, Chief,
Division of Energy, Forestry and Euvironment,
Office of Technical Resources,
Bureau for Asia, AID Washington;

Joha R. Weatley, Program Officer,
USAID New Delhi.
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EXECUTIVE SUMMARY

The following paragraphs summarize a report of discussions
held 1in September 1983 between a team of USAID officials from
Washiugton and New Delhi and officlals of the Govermmeut of India.
These discussions provide the basis for agreement on a ten-year
strategic framework for the USAID program 1in India emphasizing
sunport for development oriented research and technology development
(R3TD). Both Indian and U.S. officlals recognized that R&TD have
bean essential ingredients for sustazined broadly-based development,
that they have provided the new and adapted technologlies capable of
ralising productivity and incowes, of reducing mortality and illaoess,
of coping with economic and environmental stress; in a word, they

have increased the effectiveness of development efforts.

A designated portion of the Mission's development asgsistance
portfoiio would be devoted to R&TD each year. This !s projected to
{acrease to $17.5 million or 19 percent of a $90 million portfolio by
FY 1985, and to $32 millinn or 36 percent of the portfolio by FY
1988. These levels are over and above existing and planned support
fer research components in nutrition, family planning methods, social
forestry and various {rrigation and water management projects.
Beyond FY 1988 the team recommends continued support of R&TD

activities at a level of $25-30 million annually through the 1990s.
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Objectives to be achieved over the ten-year period include
{ncreased effectiveness of Indian development efforts, of U.S.
development assistance, and of developrent efforts 1in other
countries. The great divergity of the Indian physical and biological

landscape, and the impressive scientific talent that TIndia can

already count upon, suggest direct benefits to U.S. science and

applied problems as well,

Main Features

- support for basic and applied research in India focussed
on development problems congruent with Indian and AID
priovities and with the potential to {improve the

productivity and well-being of the Indian people;

- research activities of wvarying duration will be
undertaken within the ten-year time frame and will be

gsubject to periodic monitoring and performance reviews;

- social science research is an integral component of the
strategy to ensgure that the needs of 1intended
beneficiaries are taken into account in the

{dentification and design of research activities;
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complementary support will be provided for profegsional
interchange among Indian and U.S. working sclentists,
primarily in the form of relatively short-term meetings,
workshops, study tours and gselected louger~term

assignments related to the research;

graduate and post-doctoral training related to the
research will be supported, 1including training where

needed of specialized techniclans;

critical commodities, such as laboratory equipment and

gpecialized supplies will be provided to complement the

regearch;

a major objective of the above activities will be to
utilize existing Indian research capacities more
effectively, strengthening them where needed, rather than
to create new institutious; thus, the performance reviews
as well as workshops and studies will focus on regearch

management aund resource allocation;

the establishment (or re—-establishment and strengtheuing)
of relations between selected Indian and U.S. regearch
{institutions (or components of 1{nstitutions, such as
un’vergity depurtments) will be encouraged to promote

coutinuity and long-term comumitment;
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the research and professional {nterchange will be
conducted by highly qualified scientists of borh

countries and will be marked by a mature, collaborative

style.

Sectoral Compouents

Sectorally-oriented research occupies a major place in the

recommerded strategy. Substantial increases 1in support for R&TD 1in

five sectoral areas are projected:

agriculture: beyond the recently signed Agricultural
Research Project, planned for $20 million, an additional
$30 million is projected for FY 83-88 to support research
on a number of priority toples (thirteen topics are
suggested in the report, including management systems for
lowland rice production); and an additional $15 wmillion
18 projected over the game period for a joint program
between U.S. and Indian agricultural universities to
strengthen the research-teaching~-public gervice
capacities 1in sgelected areas of Indlan agricultural
universities and simultaneously enhance the breadth and

experience of cooperating U.S. universities;
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forestry and environment: a long—term R&TD program is

recomrended, emphasizing the role of trees and grass s in
reversing ecological deterioration and expanding rural
incomes, 1including baseline enviroamental regearch oua
natural resource degradation, results—orieunted research
on short-rotation aund wmulti-purpose trees, and modest
gupport for more basic research on genetic 1improvement of
trees; 1initlal funding 1is projected at $16 milliom

between FY 1985 and FY 1988;

biomedical regearch: gupport would be provided for

biomedical research oun such prioxlity diseases as:
respiratory diseases, diarrheal and enteric diseases,
reproductive immunclogy and the immunizable diseases, and
nutritional anemta; the research will encompass research
on diagnostic techniques, treatment modalities including
new drugs, the development of {mproved or new vaccines,
and applied research on health services; about $16
million for support of bilomedical research and related
trainiog, professional exchange, selected equipment and
reagents, and data management and information systems is

projected for FY 1984-88;

energy: $8 million 18 projected for a Phase II

Alternative Energy Resources Development Project for FY
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1986-88, emphasizing R&TD on coal and biomass conversion

and utilization;

—— 4industry/private gector: $5 million is projected for FY

1986-88 to strengthen R&D capabilities in the Indizan
private sector, perhaps emphasizing energy conservation,
{ndustrial pollution and the management of technological
innovation; these activities could be linked with current
proposals to estadlish a revolving fund of PL 420
generated local currencies in the form of a bilateral
{ndustrial research and development foundatiorn or a

gimilar mechanism.

In addition to support for regearch in India, each of the
gectoral recommendations also ifncludes support for professional
interchange, training and selected equipment and coummodities.
Support for {nstitutional development and strengthening could be more
significant in some sectors (e.g., forestry) than in others. The
recently signed Agricultural Research Project constitutes a potential
model for all the sectors by providing a flexible mechanism for
adding sub-projects as well as for periodic review of performance.
While individual sub-projects would require close monitoring and some
might well have a duration of less than five years, most or all

sectoral umbrella projects could be viewed as ten-year programs.
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"Innovative Research and Special Studies” Program

The report also proposes & ten-year program of "Innovative
Research and Special Studies.” This would have several componeuts,
jncluding (1) support for research on a limited number of fundamental
cross-sectoral toplcs (e.g., baslc genetic engineering, surface and
nembrane phenonena, strength and fibre properties of biomass); and
(2) support for consultants, studles, workshops aund counferences
involving Indian and U.S. experts on broader, cross—cutting toplcs
-elated to science and technology and development (e.g., economlcs of
rechnological change and resource allocatiom to research, the
management of research, enhancing the role of the private sector in
research, soclo—economic analysis of the cost—effectiveness of
alternative technology delivery systems, and gcience and technology

{n development information needs and exchange).

Support for basic research of a more generic rather than
gectorally-oriented nature would be a departure for an AID bilateral
country program. Both AID and the GOI's Department of Scieunce and
Technology (DST) would have to gain a better understanding of the
nature of the research to be supported, especially 1in terms of 1its
relationship to development problems. The consultants, studies and
workshops should be useful to the DST and Indian Planning Commission
{n fulfilling thelr broad role of oversight of Indian sclence and
technology and to AID in providing a mechanism for policy dialogue

with the GOI on significant gclence and technology and research

management issues.
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One million dollars a year, or $4 million between FY 1985 and
FY 1928, 1is projected for support of the program of “Innovative

Research and Special Studies.”

Implementation Conaiderations

The recommenaed gtrategy poses several implementation

requirements.

-~ Staffing Requirements

The strategy 1s relatively staff-intensive. The team
recognized the limits on the Mission's ability to expand
the number of direct hire staff. It recommends that a
Joint Career Corps (JCC) Sclentific Advisor be recruited
from a U.S. university to coordinate the U.S. role in
management of the strategy, to advise the Director and
genior staff on performance and to manage directly the
"Innovative Research and Special Studies” program. This
advisor must ba a respected, experienced scientist
knowledgeable about science policy and administration,
and about India and development. The advisor should be

assisted by at least one and preferably two Foreign
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Nat{onal professionals. In the various sectors
(agriculture, etc.) the tear endorses efforts to reduce
the workload on direct~hire staff through utilizing

Indian consultants and counsultancy firms.

Science Panel

The team recommends that a small group (3-5) of eminent
scientists and sclence adminlstrators be counvened
regularly (e.g., seml-annually) by the Mission Director
to advise the Director and senior staff on the scope,
content and p;rformance of the strategy. They should be
leaders 1n their flelds, representing a wmlx of
disciplines, {acluding research resource allocation and
management and the social sciences; they should also be
knowledgeable about development and about India. In
addition to reviewing strategy performance, the Panel
would also provide a stimulus for effective
implementation and an i{iunformal means of communication
with gsenior Indian scientists and policy makers. The

Migssion Scientific Advisor and staff would serve as

secretariat to the Panel.

Provision of U.S. Sclentists

“Timely participation of U.S. scientists in India 18

egsgential to the success of the strategy. Such
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participation will for the most part be of a short-term,
non-resident nature, 1including workshops, seminars and
consultation with Indian researchers. Some longer-term
participation of an expert advisory nature is also likely

to be desirable.

The placement of expatriate technical assigtance in India
is a very difficult aund protracted process. All such
agssistance must be iucluded in the development budget of
the requesting GOI organization, which must certify that
the skills to be {mported are not available from Indian
gources (at a fraction of the close to $200,000 per work
year for U.S. technical assistance =-- $250,000 1if
acquired through an institutional contract with
overhead). GOI officials have been very reluctant to
accept U.S. experts under these clrcumstances, especially
in a fleld like agriculture where the cadre of Indian

professionals 1s relatively large.

The team recommmeunds that the Mission seek at the highest

GOI levels (e.g.,‘thé Prime Minister's Office) approval

for expeditious provision of U.S. scientists from the

recources of the USAID~India bilateral program. This

element might be gseparated out from other projects into a
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bilateral "technical support” project. Two
considerations strengthen the case for establishing an
improved procedure under the India program: (1) both the
U.S. and India recognize the importance of timely
pacticipation of highly qualified U.S. scientists, and
(2) the bulk of such expertise would be of a relatively

short-term nature —— less than three months.

In the event that efforts to resolve the problem within
the country program are uot gsuccessful, an alternaﬁive
mechanisn funded from AID Washington should be explored.
Under this approach, a portion of the.bilateral program
budget would be transferred to the S&T Buveau and/or Asia
Bureau for the provision of U.S. sclentists in response
to requests from USAID and the GOI. Existing S&T Bureau
projects could be drawn upon; an intermediary
organization could be drawn upon to manage the
recruitment process and to 1identify expertise unique to
the India program. While such an arrangement would
correspondingly reduce the size of the India program, it
would also avoid inclusion of this element 1in the GOI
budget. Several GOI officlals proposed that the U.S.
adopt such an approach, im effect providing U.S. experts
“{n-kind” (from the GOl perspective). UN experts are

furnished to India in a similar wanner, with funding

provided from a UNDP account in New York.
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Grant Funding Constraints

With an increased emphasis on institutional development,
policy dialogue and technology transfer, the grant share
of the DA budget has grown, from 10 percent during FY
1978-81 to 28 percent 1ia FY 1983. An R&TD-oriented
program would normall, imply a high grant component in
view of the emphasis on research and experimental
activities, training and provision of scilentific and

technical expertise.

AID grant funds are extremely scarce and the current
gshare of grant funding in the India program is probably
near a maximum. The FY 1983-88 funding levels projected
in this report take the grant coustraint into account and
agsume that some portion of R&TD activities will be loan
financed, i.e., all provision of commodities and
equipment, as well as any construction costs, and sowme
training, research and local technical assistance costs.
The Mission 1s concerned that wmoving too far in this
direction could reduce 1its leverage in seeking
participation of U.S. scientists and 1in raising R&TD

policy issues.
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Other USG Activities in Science and Technology

This strategy does not imply a merger with other science and
technology activities in India fn which the U.S. Government 1s
{nvolved <(e.g., local currency regearch programs, “Science and
Technology Initiative” or "Senior Scientific Panel,” and Indo-U.S.
Joint Sub-Commissions). It should lead to more effective

coordination or linkages among these elements, however.

Closer links might be possible between the AID program 1in
India and certain elements of the Indo-U.S. "Science and Technology
Iaitiative” (STI). This could occur 1in areas where there was a
coincidence between AID-funded projects and the STI, such as
biological nitrogen fixation, biomass and certain biomedical research
topics. With the concurrence of the GOI, STI workshops 1in these
areas might be supported. In addition, the AID program could provide

extended support once the two-year STI initiative has elapsed.

Next Steps

The report recommends a serles of actions to be taken over the
next six wmonths. First are presentation and review as soon as
possible of the report and/or its recommendations in AID Washington
and in India with the GOI. In addition to overall approval, explicit

Washington approval should be sought for the creation of a Scleunce
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Panel, for the concept of an "Innovative Research and Special
Studies” program and for recruiting a JCC Scientific Advisor. The

Mission should seek high level GOIL approval for timely participation

of U.S. scientists.

Assuming AID Washington approval in principle, the members of
the Science Panel should be identified and recruited by January 1984
and make their first visit to India in March 1984. Development of an
"Tnnovative Research and Specilal Studies” PID should begin as soon as
possible to ensure 1initial funding in FY 1985. The Scientific
Advisor should be recruited to permit part-time involvement 1in the
development of the PID and PP as well as 1in guiding the Science
Panel. The Advisor should become full-time in the Mission by the

beginning of FY 1985.



I. INTRODUCTION

The purpose of this report 1s to delineate a proposed
"Research and Technology Development”™ strategic framework to serve as
an 1integrative focus for a major share of the USAID program and
relate effectively to other science-related U.S. Government-(USG)

sponsored activities in India.

This framework 18 intended to broaden and extend the
initiative set in motion by Prime Minister Gandhi and President
Reagan during their meetings 1in Washington in August 1982. Those
meetings launched a new dimension to Indo-U.S. coopsration in science
and technology. This effort, first known as the "Blue Ribbon Group”
or "Senior Scientific Panel” (SSP), and now referred to in the U.S.
as the "Indo-U.S. Science and Technology Initiative” (or "STI" -- but
still referred to in India as the "SSP"), 18 firmly underway. It
remains a continujug and tangible manifestation of the announced
desire of the two leaders to improve relations between the two
countries. The linkages between the “STI" and the broader framework
covered by this report will be discussed more fully in subsequent

chapters.



The main objJectives of the broader framework are to enhance,
through support for the conduct of development-oil!ented research (and
related professional interchange, trainingz and commodities), (1) the
effectiveness of Indla's development efforts {n general, and of U.S.
development asgsistance 1n India 1{in particular; and (2) the
effectiveness of development efforts and development assistance in

other developing countries.

A subsldiary but not unimportant nbjective, recogniziong the
relatively mature state of India's science and technology capacity;
and the great geographical, biological, ecologlical, demographic'and
ethnographic diversity in India, {s to contribute to the advancement
of sclentific knowledge and {ts application to developed countries,
fncluding the United States. While the contribution to Indian
development and to international development remains paramount for a
development agency 1like AID, the potential significance of the
cubsidiary objective should not be underestimated. Both Indians and
Americans with whom &he teat talked recognized the latter as an

edditional factor that could help attract high quality U.S.

scientists.*

*Two examples of Indian research (being wundertakem at Punjab
Agricultural University) of {mportance to the U.S. as well as to
India are work on (1) the "Karnal Bunt” blight affecting wheat and
(2) rhizobium 1inoculation of non~leguminous crops, including major
cereals.



Relationships between Indian and U.S. ianstitutions, or com-
ponents of {institutions, such as university departments, would be
established (or reestablished) and strengthened to help ensure the
continuity and long-term commitment required for effective scien-
tific endeavor. Support for a range of tralning and study-tour
activities at the graduate and post-degree level as well as for
critical commodi- cies such as laboratory equipment and specialized
supplies, would complement the research. Exchanges dealing with
broader questions could be supported, such as strengthening
university research, teaching and 1links to application (e.g.
extension or other delivery sgsystems); research managemecat; the
economics of res-arch planning and allocation and the role of
economics and social sclence research. All these activities would

be on the basis of a ma%ure partnership between working scieantists

and their iastitutions.

These topics will be discussed in greater detail in subse-
quent chapters of the report. Brief discussions of five sectoral
areas, with mnre extended treatments 1in separate annexeg, are also
included. The sectoral discussions cover agriculture; forestry and
environment; energy; biomedical research; and 1industry/private
gector. These analyses suggest a range of sub-sectoral toplcs, such
as biological nitrogen fixation (to give ounly one of a number of
examples), that appear to merit increased research effort. Further
specification of these topics requires {iterative discussion and
refinement by Indians and Americans at both the policy and scientist
levels. The design of research activities withian these topical
areas must of course depend heavily on the Jjudgments of working

gcientisats.



Although reproductive {immunology and nutritional anemia are
suggested among several priority topics 1n tue section on “bio-
medical research,” population and nutrition are not covered exten-
sively in the maln report or in the annexes. Support for research
on the causes of low birth weight {s already included in the exlst-
:ng Integrated Child Development Services project. A contraceptive
wegearch specialist from AID's Science and Technology Bureau is pre-
pared to visit India 1ia the near future to discuss in greater depth

possibilities for support of contraceptive research and development

in India.

The section (and Annex) on "Industry/Private Sector” does not
explicitly discuss the proposals to establish a mechanism or mecha-
nisms utilizing PL 480 generated rupees to stimulate joint R&D
collaboration between Indian ana U.S. private {andustrial enter-
prise. The team believes, however, that the analyses contained 1in
this report raise a number of considerations of a policy and struc-
tural nature that must be weighed carefully in further development

of these proposals.

A subsequent chapter (VI) briefly describes a possible pro-
gram of “Innovative Research aund Special Studies.” This proposal
has several attractive features, including support for broader,
cross—gsaectoral aspects of developmeat-oriented research. It also

proposes support for basic research of a more fundamentally “up-

stream” character than AID has supported through Iits bilateral



country programs. This proposal and other implementation mechanisms
and questions that are rather unique to the strategic framework pro-
posed in this report are discussed in the following Chapter VII.
Concluding chapters sget out projections of estimated AID project
funding to support the strategy during the FY 1983-88 period and
propose a timetable for follow-up steps that should be taken over

the next six months.
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A. Rationale and Background

Basic and applied research, grounded in high quality
gcientific method and competence, has over the last three deczdes
been a wajor source of far-reaching and lasting coantributions to
broadly-based economic and social progress in the developing
countries. One has only to consider the impact of auch
accomplishments as the eradication of smallpox, reduction of malaria
ard expansion of basic food production in certain countries to
recognize the veracity of this proposition. There are many less
dramatic exawmples where research efforts undertaken in the developed
ard developing countries have made significant contributions to
improving the  productivity and well-being of the world's
impoverished. These range from pharmaceuticals that reduce morbidity
ard infection, to techniques of irrigation and farm management that
complement the 'seed-fertilizer" revolution in agriculture, to modern
femily planning methods that improve maternal and child health. More
receat developments such as oral rehydration therapy and potential
and actual breakthroughs of a bictechnical nature in such areas as
vaccines, fast-growing trees, and substitutes for petroleum-based

fertilizer promise new advances of major portent.

This 18 not to argue that research alone has produced
these accomplishments or that research alone is a panacea for the
future. Mobilization and commitment of domestic and intermational

resources for physical infrastructure and delivery systems have also
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been vital, along with a conducive ecomomic policy environment that
provides stable incentives and financial capital to the willions of
small farmers and entrepreneurs for the adaptation and adoption of

new technologies.

Research has nomnetheless been an essential ing.redient for
sustained development; it has provided the new and adapted
technologies capable of raising productivity and incomes, of reducing
mortality and illness, of coping witi new economic and environmental
stresses; in a word, it has enhanced the effectiveness of

development efforts.

These points have been recognized clearly in such
documents as the GOI's Sixth Five-Year Plan which observes in the

chapter on Science and Technology (p. 318):

The crucial role of science and technology as an instruaent
of social and economic change has been appreciated and the
rapid development of science and technology and of its
application, accepted as a major objective of planning.
These observations were also mutually recognized when
Professor M. G. K. Menon, Member of the Planning Commission of India
and Advisor for Science and Technology to the Prime Miiister, met in
1981 with Mr. M. Peter McPherson, Administrator of the Agency for

International Development, and Dr. Nyle C. Brady, Senior Assistant

Administrator for Science and Technology, AID.



AID Administrator McPheréon, {n view of the foregoing
rationale, has councluded that AID should seek to 1lncrease markedly
1ts support for the conduct of development-oriented research,
focusing particularly on those countries where the scientific and
{nstitutional capacity already exists to undertake, with supple-

mentary support, such research.

Among all countries in which AID supports bilateral assis-—
tance programs, lLndia best meets these criteria. The Administrator
asked that a long—-term, ten-year strategy be developed that wenld
emphasize support for development-oriented regsearch. The Adminis-
trator eanvisions research results frow this effort that will have
widespread developmental impact not only in India but elsewhere in

the developing world as well.

B. The Concept of Research and Technology Development

AID and most {nternational development agencles have
focused on the applied end of the sclentific regsearch spectrum.
This is to be expected since these institutiouns are under a mandate
to help bring about gsolutions to pressing, {umediate problems that
affect the 1lives and well-being of milliouns of people. Also, some
of the most dramatlc applications of research to development prob—
lems 1in the Third World, guch as development of the new high-
yleiding varieties of wheat aand rlce, while 1involving years of
painstaking effort, have nonetheless been goal-oriented or
problem—-driven and the results sought (i{,8., shorter straw, higher

yield) were eanvisioned at an early stage.
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The range between basic and applied research 1is a
spectrum, with several, not always easily distinguishable,
intermediate stages between the two ends of the spectrum. AID,
through 1its Research Priorities initiative, and in the proposed
framework for the USAID program, is placing greater emphasis on
support for somewhat more basic research than has been the case in
the past. This is not intended to minimize the importance of applied
and adaptive research, including operations and "action" research.
Often the latter provide important information for the selection and
design of more basic research. All of these are included in the

concept of research and technology development.

Cloge to the basic end of the research spectrum are
investigations that seek to expand knowledge of the fundamental
properties and behavior of matter and of chemical and biological
interactions. Although there may be an intuitive hunch that
potential applications might be significant, the applications, or
even the sectors or fields where pay-offs might accrue, may not be
predictable in advance. Examples include research on surface
interactions and membrane phenomena, and basic genetic research. The
original creation in the laboratory of hybridomas would be an example
of the latter. AID might support research on the modification of
hybridomas for specific applications in agriculture, health, energy,
etc., but it is less likely -- except perhaps through the program

sponsored by the Science Advigor's office -- to support research of a



-10 -

more fundamental nature. A unique proposal put forvard under this
strategy 1s to support some collaborative research of this more
innovative and basic nature. This proposal ia analyzed further in

Chapter VI, below.

This latter proposal should not diminish the significance
of the expanded research efforts recommended in each of the five
sectoral areas summarized in Chapter V and reported more fully 1in
Aunexes A - E. These efforts would be both more basic as well as
applied, but are driven by the need to solve specific sectoral

problems (the "Karnal Bunt” wheat blight, for example).

C. Time Horizon

The ten-year time horizon of this sgtrategy is a
relatively long~term horizon for typical planning purposes —-- both
for developing country governments and for donor agencies. Ten
years 1s not a long time horizon for a great deal of scientific
endeavor, however. A decade was chosen to convey a sense of
continuity and a sufficient period of time to undertake and
anticipate results from some more basic or "upstream”
problem-oriented resesarch. Ten years 1s short enough, however, to
conuve the imperative of development; 1i.e., the need to bring
tachnologienr that increase productivity and well-being to the

majority in grentest need.
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e ten-year time frame 1s best viewed as the time
horizon for a program or strategic framework. Within this framework,
1t may well be possible to phase some of the specific research efforts
-- particularly those at the more applied end of the spectrum -- into
two~, three-, or five-year segmer's. Some of the sectoral regearch
under this strategy could be brought to completion within shorter time
frames. But this will not be true for all research topics. The

appropriate time frame will vary from problem to problem and topic to

topic.

While a decade should be sufficient to strengthen
individual and institutional collaborative relationships between India

and the United States, many of these relaticuships should continue

beyond this time horizon.



II. Research and Technology Development in Indian Development

A. Historical Trends

India's research and technology development capacity was
already considerable at the time of Independence in 1947. The
predecessor organiiations of the three  principal research
coordinating bodies - the Indian Council of Medical Research
(ICMR), -he Indian Council of Agricultural Research (ICAR), and the
Council for Scientific and Industrial Research (CSIR) - had been
established in 1911, 1929 and 1942, respectively., 1India had 20
universities at the time of Independence, aud an estimated 20,000

engineering graduates and 66,000 science graduates.

The rapid expansion of this research capacity has been a
major government objective from the beginning of the development
planning process in 1950 although "science and technology" did not
become the subject of its own section of the Plan until the Fifth
Five-Year Plan period (1974-79). The number of universities rose to
over 120 by 1980. Scientific and technical personnel in
engineering, science, agriculture and medicine increased at about 10

percent annually from 1950 onwards, with the result that there ar:
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aow over 2 million Indians with graduate or postgraduate degrees in
these four fields. According to estimates prepared by the private
Center for Monitoring the Indian economy (CMIE), total expenditures on
research and development (R&D) increased from abut $10 million, or
about 0.05 percent of India's GNP im 1950-57, to nearly $1 billionm, or
about 0.63 percent of GNP {in 1982-83 (as compared with, e.g., 2.5% in
the U.S. as of 1976 or 1.9% {in Japan as of 1978). Although the
central government accounted for over 90 percent of R&D expenditures
until the mid-1960's, the share of state governments rose to nearly 10
percent by the early 1980's, and the private sector's share rose to
over 15 percent. The government actively used administrative controls
to channel private sector R&D efforts, and wmaintained tight countrols

over technology imports in the interest of technological celf-reliance.

India's investment in research and technology developmeat has
achieved a number of notable successes, particularly in adaptation and
rapid dissemination of high-ylelding cereal wvarleties (HYVs),
development of a Lroad manufacturing base, expansion of manufactured
exports, and establishment of substantial indigenous capacities in
space technologies, atomic energy and the manufacture of sophisticated
armaments. Nevertheless, the overall payoff {in terms of econoumic
growth, employment generation and improved human welfare has not been
as great as might have been expected. In agriculture, while
self-gsufficiency in foodgrains has been largely achieved -— no mean
accomplighment =--, the {ncrease in productivity growth after the

mid-1960's was not adequate to offset the decline {n the rate of
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growth of area planted with the result that the combined growth rate
of foodgrains and non-foodgrains production declined. In industry, a
recent study by Isher Ahluwalia 1ndicates that overall levels of
productivity in most sectors actually declined over the period 1959-60
to 1978-79. Moreover, the 1industrial technologies introduced have
generally been imported and have been adopted with 1little
modification, and are counsequently excesgively capital-intensive.
Research has made almost no contribution thus far to improving energy
efficiencies or developing alternatives to conventional sources of
energy; this 1is critical to overcoming a major constraint to ecounomic
growth. In the health field, India has relied almost entirely on
imported technologies, and has not been eble to make moderan health

care avallable to more than a small fraction of the population.

B. Current Situation

l. Policy Framework

Research and technology development 18 affected by a
wide range of policles, including those specifically directed at
science and technology 1ssues as well as those designed to affect
¢evelopment wmore broadly. Program policies for GOI research and
technology development efforts are stated 1in the Sixth Five-Year
Plan. The plan directs deliberate and =sustained applications of
science and technology to the economic and soclal problems of the
country. Policy emphases 1include self-reliance for saclence and
technology; more effective 1links among policy organization aund

zpplication of technology to meet economic and social objectives; more
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attractive incentives for young scientific talent; and attention to

higher payoff opportunities for technological breakthroughs.

The wmost {important recent development has been the
promulgation of a GOI Technology Policy Statement (January 1983), the
first such statement since the GOI Scientific Policy Resolution of
1958. 1Its primary significance lies in the goverument's commitmeunt to
slmplify procedures further for technology 1imports in "areas of high
national priority.” (Electronics and computers are two areas that
have subsequently been {identified.) This reflects the realization
that the highly restrictive approach to technology imports of the past
thirty years has had an adverse lmpact, particularly 1in industries
with export potential. The statement implies a more outward-looking
enviromment for research and technology development 15 all fields, and
has set the stage for increased allocations to science and technology

under the Seventh Five-Year Plan (1985-1990) being prepared.

With regpect to the {mpact of overall policies, there is
a sharp difference between the experience of the agricultural and
industrial gectors. In agriculture, the shift toward a more
producer~oriented pricing policy which accompanied the introduction of
HYVs in the wid-1960's, along with 1increasing reliance on the private
sector for input supplies, has encouraged the rapid adoption of HYVs
and improved inputs. This has 1in turn generated further support for
R&D effort in both the public and private sector. Thus the policy
environment has provided strong relnforcement for development-orieunted

research and technology development in agriculture.
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In 1industry, on the other hand, the -emphasis on
protection, countrols and administered prices has reduced competitive
pressures and fostered an environment within which there 1s 1little
incentive to develop and adopt productivity-increasing technologles.
The treud of the past three years toward liberalization of 1industrial
and trade policies and the reduction of price distortions should
gradually increase the pregsures for more aggressive R&D efforts, but
this will be a slow process. Nevertheless, overall policies affecting

the 1industrial sector are clearly moving in the right direction.

2. Institutional and Human Resource Capacities

India's ingtitutional infrastructure for research and
technology development 1s {impressive. In addition to some 120
universities, five {nstitutes of technology, 150 eungineering colleges
and 100 medical schools, there are now about 130 specialized research
laboratories and iunstitutes under ICAR, ICMR, CSIR, etc., as well as
ovvr 600 {in-house R&D organizations 1in private and public sector
enterprises and over 150 englneering consultancy organizations. While
nany of these organizations already have 1{international reputations,
their rapid expansion has required that resources be spread very
thinly, and has necessarily resulted in a good deal of unevenness.

Some of the attendant problems in the relevant sgectoral areas are

discussed in Annexes A through E attached.
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Although India i3 said to have the third largest pool
of technical personnel 1in the world, UNESCO data cited by CMIE
indicate that India is actually fifth behind the USSR, Japan, China
and the U.S. Furthermore, the numbers are quite low relative to
India's population of 730 million. However, the high unemployment
rates among science graduates and the existence of unemployment among
engineering graduates suggest that India 1s now traiuing adequate
aumbers of scientific and techunical personnel. It is more difficult
to assess the adequacy of India's research and technology developument
manpower base 1n qualitative terms. The GOI Sixth Five-Year Plan
notes the need for "a considerable reorientation and upgrading of a
large proportion of this stock of wmanpower through appropriate
training programs,” and points to the impact of inadequate university

science and technology facilities on the quality of science and

technology graduates.

3. Budget Alldcation Process

As noted above, resources for public sector research
and technology development activities are now allocated on the basis
of detailed plans prepared within the overall framework of the
five-year plaus. General guidance regarding priorities is provided by
a Science Advisory Committee to the Cabinet (SACC), and by the

Planning Commission member responsible for sclence and technology
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(currently the former Secretary, Department of Science and
Technology). In order to be approved by the GOI, all donor-assisted
activities must be in accordance with Plan priorities and allocations,

and must be budgeted in the GOI's Annual Plans.

The Sixth Five-Year Plan (1980-1985) budgeted about
¢1.9 billion (or somewhat more than 2 percent of the total) for
development expenditures oun sclence and technology for the Plan
period, along with 31.45 billion in recurrent expenditures. The
largest single developmeut expenditure allocation waa for ICAR ($340
million in development expenditures); the other major allocations were
for atomic energy ($249 umillion), space ($246 million), CSIR ($170
million) and conventional alternative energy ($167 willion). ICMR
received only $40 wmillioun for the five-year period, and the Forest

Research Institute (FRI) $12 million.

4. Application of Results to Development

As was pointed out by F. A. Long ia his brief study

of sclence and technology im Iudia (in Mellor's India, A Risging

Middle Power), there are distinguishable models of the linkage of R&D

to development which have been applied 1in India: the "“private
anterprise model,” under which firms develop in-house R&D capacity to
meet their own requirements; the "agricultural model,” im which public
gector research aud extension organizations generate and convey

technical information to private gector producers, who
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purchase the necessary inputs; the '"vertically integrated government
department” model, which integrates the R&D ang "production"
activities in ome public sector establishment (as ig atomic energy,
space or defence); and the "indapendent government  R&D
establishment,”" which must provide its results to public or private

sector users such as industrial corporations.

The "agricultural model" has worked relatively well, as
indicated by India's success in agsimilating HYVs. This system
includes the state agricultural universities, which are organized on
the U.S. "land grant" mwmodel combining research, education and
extension. In the industrial éector, the "private enterprise model”
has been relatively unimportant untii recently, and the vertically
integrated government department"” model ﬁas applied primarily (apart
from atomic energy, space and defence) to a few heavy industries
such as steel. Thus the main emphasis has been on the "independent
government R&D establishment," such as the laboratories run by
CSIR. It is inherently difficult to forge adequate linkages witﬁ
users under this wmodel and in fact India's experience with this
model has not been encouraging. CSIR  has encouraged the
establishment of research associations for various industries to
overcome some of these problems, but thus far thege associations
have played a fairly minor role. As of the mid-1970's, the average
annual R&D expenditures per association (for the nine for which data

were available) were only $300,000.
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5. Role of Private Sector

As noted above, the private sector now accounts for
about 15 percent of R&D expenditures. Since there is little funding
of public sector R&D by private firms in India (or vice versa), it 1s
probable that the private sector also carries out about 15 percent of
R&D activities. This contrasts sharply with the US, where according
to F. A. Long the private sector financed about 45 percent of R&D as
of 1975 and performed about 70 perceat. Similarly, in Japan the
private gector financed 74 percent of R&D 1in the mid-~1970's and

carried out 66 percent of all R&D.



III. RESEARCH AND TECHNOLOGY DEVELNZMENT IN INDO-U.S. RELATIONS

A. Background

During the 1950's and 1960's U.S. official and private
agcncies played a major role in strengthening India's human and
institutional base for research and technology development.
Official assistance for these purposes was interrupted in the early
1970's with the suspension of AID Development Assistance programs in
India after FY 1972, but Rockefeller and Ford Foundatién activities
continued. As of 1971, Rockefeller and Ford assistance had totaled
about $20 million and $100 million, respectively. AID grauts under
the Indo-U.S. Technical Cooperation Agreement (1952) had been about
$450 million, and had financed the services of over 3,000 U.S.
specialists (long~term and short-term) and participant trainiag in

the U.S. for over 6,000 Indians.

The most noteworthy examples of AID support for research
and technology development were several major institution-building
activities: the establishmeat of eight agricultural universities on
the U.S. model (with assistance from a consortium of six U.S. land
grant universities); the exﬁansion of the All-India Institute of

Medical Sciences (ALIMS) with major U.S. techuical and financial
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agsistance inputs; and the establishment of the Indian Institute of
Technology (IIT) at Kanpur, with assistance from a consortium of
nine U.S. universities. AID also provided smaller amounts of
research~related assistance to several of the laboratories under the
Ccuncil of Scientific and Industrial Research (CSIR), and to other
institutes involved in forestry, home science, irrigation,

veterinary, medical and nuclear research.

Regearch and teciinology development activities were also
supported icom the late 1950's onward by counterpart rupees made
available to various domestic agencies of the U.S. Governmeant. The
U.S. Department of Agriculture (USDA), the National Institutes of
Health (NIH), the National Science Foundation (NSF) and other
agencies have funded large numbers of Indian research projects
involving varying degrees of collaboration by the.U.S. side. GOI
approval of new rupee-funded projects generally censed after 1971,
but the programs were revived after the negotiation in 1974 of the
Indo-U.S. Rupee Agreement and the establishment of an Indo-U.S.
Jeint .Commission (whose  subcommissions act as the joint
acministrative mechanism for agreement on priorities for the

rvpee-funded programs).



B. Current Status

l. Subcommissions

There are currently four subcommissions under the
Indo-U.S. Joint Commissiou: Economic and Commercial, Education and
Culture, Science and Technology and Agriculture. The Subcommission
on Education and Culture has generally been the most active, and is
the only ome with a U.S. secretariat (the Asia Society). The
Economic and Commercial subcommission has served pPrimarily as a
forum for official exchanges of views, and has no associated

programa.

The Subcommission on Science and Technology was set
up in 1975 and has held six meetings. At the last meeting in
December 1981 representatives of twelve U.S. agencies met with their
Indian counterparts to discuss approximately fifty rupee-funded
projects in energy; physical sciences; health, medical and Llife
sciences; environment and ecology; and information sciences. No
date has as yet been set for the next meeting. The Subcommission on
Agriculture held its first meeting in September 1980 and its second
in June 1982 (in Washington). The U.S. side is chaired by USDA at
the undersecretary level, and has working groups on agricultural
research, agricultural inputs and natural resources development.

The next meeting is scheduled for January 1984.
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2. Rupee-Funded Research Programs

At the present time twelve U.S. Government agerncies
draw on the ejuivalent of about $9 million annually in Special Foreign
Currency Appropriation (SFCA) rupees to fund joint projects. These
funds can be usged only for rupee costs such as local costs of the
Indian lnstitutions, per diem in India of U.S. visitors, and
international travel. They cannot be used for {tems requiriang dollar
funding such as U.5. equipment or per diem 1in the U.S. of Indian
visitors. The major U.S.G. users are the National Institute of Health
(NIH), the Natiomal Science Foundation (NSF), and the U.S. Department
of Agriculture (USDA). USDA 1is represanted in New Delhi through the
far Eastern Regional Research Office (FERRO), which hag approved 500
research grants since 1960 (of which 67 are now active),. Other
agencies are represented by the Counsellor for Scientific and

Technological Affairs fn the Embassy.

3. Indo-U.S. S&T Initiative (STI)

The Indo-U.S. S&T Initiative ("STI" -~ alsgo known,
especially 1in India, as the Senior Scientific Panel -- "SSP") is
firmly under way. The concept was first broached during Prime
Micister Gandhi's wvigit to Wasbington in August 1982. A "Blue Ribbon
Panel” of top U.S. science officials subsequently wvisited India to
refine areas of mutual interest. This was followed in January 1983 by

a high level task force of U.S. scientists and sclence administrators
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who met with a group of their Indian counterparts and subsequently
mutually agreed on seven areas in which to bring together individual
Indian and U.S. scientists working on the same or similar problemg.
The objective 13 to éncourage collaborative research (the
"collaboratioa” could range from coordinated individual research to
virtual joint research) leading to results {inp two-year time frame,
The areas chosen are: nitrogen fixation, nitrogen fertilizer
efficiency, fuelwood production, wmounsoon prediction, a range of
diseases and epidemiology, and immunologic responses 1in human

reproduction.

On the U.S. side in New Delhi, the Science Counsellor's
Officer 1in the Embaséy 18 responsible for coordination. On the U.Ss.
side 1in Washington, a Senior Policy Group has been established. It isg
chaired by Dr. George Keyworth, the Shile House Science Advisor, and
1ncludes Dr. Nyle C. Brady, Senior Assistant Administrator for Science
and Technology of AID (as vice~chairman); Dr. Frank Press, Pregident
of the NAS; Dr. Edward Knapp, Director of the NSF; the Direztor of
NIH; the Administrator of NOAA; the Administrator of the Agricultural
Research Service and other senior officials. NSF 1ig coordinating

agent and NAS {g performing an oversight and evaluation function.

AID has 1lead program responsibility om the U.S. side for
uitrogen; the Forest Service for fuelwood; NSF for monsoon; and NIH

for health and population.
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Iritial meetings of panels of Indian and U.S.
scientists have been held or are about to be held in each of the
areas. One exceptiow 18 a proposed panel ou photo-voltaics which grew
out of an 1initial proposal on materials science. Peanding turther
mutual clarification of the focus of this proposed panel, its fate is

uncertain.

NSF has provided $2 million for FY 84 funding of the
international travel expeunses of U.S. researchers and the per diem
expenses uof Indian researchers in the U.S5. (the intermational travel
expeunses of Indian researchers and the per diem expenses of U.S.
researchers in India are covered by India). Costs for which the U.S.
is responsible are to be met in FY 1985 by the various program
agencies, 1including AID. Providing the GOI concurs, it 1s possible
that sgome nitrogen, fuelwood and perhaps blomedical research costs
under the STI could be supported from the bilateral program in FY 1985

and beyound.

4, AID Activities

There are currently three existing and two planned
bilateral USAID/India projects that are entirely devoted to research
and technology development. The first, the FY 1978 Technologiles for
the Rural Pour project ($2 million), supports sgeven small jolut
regearch activities in  solar energy, mini-hydro developmeut,

nutritional blindness and wmalaria control. All subprojects were
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developed under the S&T Subcommission, aund all involve the joint use
of AID dollars and SFCA rupees. The second, the FY 1982 Altermnative
Energy Resources Development  project ($5 willion), supports
collaborative research and professional exchange in coal technologies,
energy conservation, and biowass production and conversion. The third
existing project, Agricultural Research ($20 million), was signed in
late FY 1983. It is designed to support five to seven subprojects on
research problems identified by the Agricultural Subcommission.
Detailed agreement has been reached on the first two topics

(Post-harvent Technologies and Soybean Utilizationm).

The two planned activities ara the FY 1984 Biomedical
Support for Health Services project ($10 million) and the FY 1985
Forestry Research, Education and Training project ($16 million). In
addition, the FY 1983 Integrated Child Development Services (ICDS)
project includes $1 million for research on the determinants of low
birth weights, and the FY 1983 Family Planning Communications and
| Marketing project may be amended in FY 1984 or FY 1985 to 1include
approximately $1 wmillion for professional interchange related to

countraceptive research.
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IV. A TEN-YEAR STRATEGY FRAMEWORK

A. Objectives and Criteria

The objectives and criteria for a research and technology
development strategy will be based upon GOI and USG program policies,

and resource and management constraints.

Program policles for U.S. Development Assistance programs
derive from the Foreign Assistance Act. Development Assistance
programs Trequire demonstrable economle and social development
benefits, especially for low income families. This strategy proposal
reflects conviction among AID's leadership that sgupport for research
and technology development 18 essential for sustained improvement of
productivity and well-being of the poor. Ccnsequencly, AID {is giving
nore systematlc support to rasearch and technology development. This
strategy for India will also help piloneer approaches for other

bilateral programs.
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The issue of funding impinges upon operation of the R&TD
program in two ways. The first and most obvious is the level of grant
financing available for the program over and above the demands of the
existing AID program. Careful determination of priorities and selec-
tion of topics, and judicious use of U.S. expertise will be necessary
to stretch scarce grant resources far énough to mount a significant
collaborative effort. Second, the programming approach for using the
AID funds in R&TD activities should cepart from the traditional donor-
recipient relatiomnship. The R&TD program 1s premised on collabora-
tion between senior U.S. and Indian scientists, where both sides bring
resources to bear on a problem of mutual interest and from which each
gide expects to draw benefit. AID must be prepared to deal with the
{mplications of this different type of relattonship in the way 1t pro-

grams funds and implements the resulting programs.

As noted in the Introduction, the proposed ten-year time
frame for the R&TD strategy provides continuity and an adequate time
horizon for longer~term development-oriented research efforts and
institutional relationships. Individual research activities will
often be of shorter duration. Indian scientists who establish the
policy for and administer R&TD programs feel strongly that a jolint
program needs to show results to gsustain financial support. Some
Indian scientists feel the rather short two-year time frame for the
STI program has 1introduced a useful discipline to define clear,
achievable objectives. The definition of research -~ '~rts should
pernit measurable results within an agreed time frame as a basis for

aggegsing performance.
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AID management capacity In India 1s 1limited by con-
straints on staff slze. It 18 obvious that AID cannot expect to
manage an R&TD program in the conventional way it manages assistaunce
projects. The R&TD program, by its design, will rely on joint manage-
ment and substantial delegation of {implementation responsibility to
entities ocutside of the USAID Mission. The Mission's management ener-
gies can be most appropriately brought to beszr on the design of R&TD

activities and setting up a flexible framework for S&T exchange.

Considering these factors the following strategy objec—~

tives and criteria are propcsed:

1. Impact: research results that when applied in India

and other developing countries, promise:

~= {ncreased employment, productivity and incomes

for the poor majority of the population;

-— conservation and more efficient use of natural

resources and energy;

-- reduced infant mortality and/or fertility.
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The set of areas for research, oriented to Iandia's
development problems, should be screened in terms of how the likely
research results will change the development process. For example,
choices of biomedical research areas should be based on the
potential for reducing 1infant wmortality and/or fertility. Sone
regearch areas under study through the Science and Technology
Initiative would not be included in this program, 1i.e., filariasis
and blindness. Similarly, some research projects supported by the
Special Foreign Currency Program would not be included, e.g.,
leprosy, canéer, biofeédback, hepatitis. The procedures for
selection ;f research topics and review of research results should
be structured to permit screening in terms of the above Ilmpact
criteria. The only exception to this principle might be some of the
research supported under the “Innovative Research and Special
Studies” program (discussed in Chapter VI) where it would be
difficult to predict impacts with certainty although a range of

possible impacts could be suggested.

2. Linked to Application: as noted in Chapter I, some

of the research to be supported will be closer to the basic end of
the spectrum than normally supported by AID, but will for the most
part be driven by the ueed to solve a particular applied problem in
a sector, such as increasing the yield of a given crop or developing
a new vaccine. Only in the proposed “Innovative Research and

Special Studies" program might research be supported at an even
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more basic level where the field or fields of potential application
cannot be predicted in advance. The bulk of the research to be
supported in this strategy would, however, be expected to take the
needs of users into account in research design. Application of
research results would be expected as soon as possible, but not

longer than tea years.

Operations research 18 also an important applied
research tool. This includes research on the technology tramsfer or
dissemination process itself. A powerful basic technology may be on
the shelf for a number of years without being applied for want of a
demonstration of its applicability or for lack of a cost-effective
delivery system. For example, the basic technology for ORT (oral
rehydration therapy) had been known for some time but not widely
applied until the International Centre for Diarrheal Disgease
Research/Bangladesh, and {ts predecessor, the Cholera Research
Laboratory, did additional applled research that both refined the
basic technology and conclusively demonstrated 1ts sclentific
principles and its applicability. Similarly, wmillions of Tandian
children have not yet received "DPT" injectious, but additional
resources devoted to operations research could lead to a wmore
cost—-effective delivery system capable of reaching those children.
To take an example from agriculture, millions of additional Iundian
farmers uwight be reached with 1rrigation water 1f more resources
were put 1into Tactiom research” on alternative approaches to

delivery systems aud on-farm water management.
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3. Mutual Participation and Quality of Research:

India's scilence policy-makers observe that research capability has
progressed much more rapidly than overall economic growth in India.
The research establishment is a modern segment of the society linked
to the 1international networks of sclentists and research
institutions. The challenge 18 to wutilize this capacity more
effectively, strengthening it where needed. As noted in Chapter II,
however, Indiav scientists and other observers caution agaflnst
overestimating this capability by simply tallying up the number of
regearch scientists and technologists iu India. A large portion of
the research establishment entered their professions during the past
decade, when the opportunities for interaction with sclentists imn
the developed countries were very limited (especlally with U.S.

scientists, as USAID funds for interaction dried up).

Indian sclentists feel the need for more Interaction.
Nevertheless they vrecoguize that wmany of thelr experienced
scientists have world-class ability and wmany of the younger
scientists have the potential to be 1in these ranks. They do not
want to interact through a traditional assistance mode, with 1its
implications that Indian scientists need to be developed. They know
that they will function most productively as equal partners in joint
research endeavors. They want full participation and mutual effort
throughout the research process. Quality researchers and quality

research are strong desiderata for both sides.
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At the sgame time, Indian science adminigtrators
recognize there are weaknesses that require strengthening. The
strategy therefore recommends support for sgelective training and
comnodities and equipmeunt as well as professional interchange. And
wvhile well-established Indian 1{institutions, such as the Department
of Sclence and Technology and selectea councils of research,
institutes and universities, would be expected to assume major
nanagement responsibilities, the USAID Mission -- through the
proposed Sclence .Advisor and Science Panel as well as gpecial
studies and workshops -~ will conduct a continuing review and

dialogue with the GOI on the management of research.

. 4. Continuity: the current programs which foster
interaction between Indian and U.S. scientists do nuot offer
permanent support. The speclal Local Currency Program may expire in
the next few years unless an endowment fund can be arranged. The
Sclence and Technology Initiative 1is limited to a two-year period,
although this program could be extended. Experience shows that
continuous {nteraction requires continuous financial support.
Nelither the U.S. nor Indian scilence establishments have authorities

or funds to foster 1interaction, because the 1interaction 1is not

considered necessary for speciric research results.

The ten-year time frame for the R&TD program proposed

here can foster individual and institutional relatiomships for a new
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generation of U.S. and Indian scientists. This interaction is an
explicit objective of the USAID program, to accelerate scientific
contributions to devclopment in India by joining the efforts of U.S.
and Indian scientists. Even so, the USAID program will eventually
end. It should be possible to demonstrate the value of interaction
to both U.S. and Indian science establishments leading to continuing

and gelf-sustaining relationships.

5. Management Effectiveness: During the team's
discussions, 1Indian sclence adwministrators requested that ‘the
proposed program be gtructured so that research results would be
produced during the life of the program. They wanted to be able to
measure the value of the research investments. They also urged that
adequate procedures be established and resources provided for
program wmonitoring and evaluation. The team agreed with the
importance of these alds to management and stressed the 1mportance
of careful selection of research topics that can produce measurable
benefits related to India's development problems. These management
systems should be in the hands of experlenced scleuntists who also
understand the policy and management objectives. As mnoted above,
the USAID Mission will counduct a continulng review and dialogue with

the GOI on research management effectiveness.

6. Role of Social Science: Dr. 0. P. Gautam, head of

the Indian Council for Agricultural Research, eloquently described

the relationship between research aund applications of {mproved
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technology on farmers' fields. He noted that the effectiveness of
extension services would affect the rates of application, but he
stressed the importance of developing technologies that were really
appropriate to the farmers' needs. Dr. Menon, Member of the
Planning Commission responsible for Sclence and Technology, stated
the need for lower cost delivery systems to accelerate the
utilization of research results. To ensure that appropriate
technologles are developed and that there are affordable methods of
delivery, researchers must take a broad approach to defining their
ragearch task, cowmprehending the econowic and soclial dimensious of
technology use. The team believes that social science ghould be
tarnessed to these problems, as part of developuent-oriev:ed
research efforts. Social sclence mneeds to be Integrated 1into

problem solving efforts.

The team found a relative lack of awareness and/or
interest among some Indian science administrators about the
opportunities for gocial sclence to make a countribution, not
withstanding the exlistence of a number of social sclence research
institutes throughout the country. There were some exceptious: for
example, an active Agricultural Economlics and Rural Sociology
Department at Punjab Agricultural University that {interacts with
other departments; and an effective use of social scientists in the

technology development work spounsored by the new GOI Department of

Mon—~Conventional Energy.
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Thoge instances where lack of enthus’asm was apparent
may reflect concern about the involvement of foreigners in social
science research. This 18 an area requiring sensitive encouragement

by the Mission.

There are two challenges: (1) strengthening the social
science components of existing research imstitutions and enhancing
their integration with the work of oth:r scientists; and (2) en-
couraging linkages (through workshops, contractual ties, etc.)

between social science and other research institutiouns.

B. A "Research and Technolegy Development Strategy"

The following section outlines the main features of
for a ten-year "Research aand Technology Development Strategy"” for
the USAID program in India. This strategy would pursue the objec-
tives and criteria set forth above. This section also discusses the
rationale employed by the team in arriving at the recommended pro-

gram mode after considering a range of factors and optiouns.

1. Main Features

- Identification of a developmeunt-oriented research
and technology development strategy as a hallmark
of the U.S. Government's relationship with Iandia

for the next ten years. AID financing aud tbhc
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Agency's mechanisms for gaining access to seunior
U.S. sclentists will make the USAID Mission the

key actor in promoting this strategy.

Integration of an R&TD strategy with the current
sectoral approach of the USAID program (e.g.,
agriculture, forestry, natural resources manage-

meat, health, population, nutricion, etc.).

Forum for discussing, with GOl science policy-
makers, R&TD opportunities related to mutually
agreed probl . areas within the sectors in which
the USAID progr.. is iavolved. This will® provide
the basis for establishing a more broadly-based
gcience relationship which permits dialogue,
exchange and application of the human and finan-
cial resources of both the U.S. and India to both
macro "acience~cum-development” and research
management isgues as well as sgpecific field-

-oriented technological constraints.

Recruitment of an advisory panel of eminent scien-
tists and science administrators to lend institu-
tional legitimacy to the broader set of science/
development issues and to review performance of

the overall strategy.
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Related professional laterchange to  enhance
economic and systems analysis of research
opportunities and to consider alternative

approaches to research management .

Facilitation of professional interchange and 1in-
formal networks, especlally across sgectors and in
areas where breakthroughs 1in technology are
needed, e.g., in blotechnology and 1n social

sclence applied to delivery of technology.

Facilitation of U.S, researchers' participation
on-site in Indian research and {in strengthening
research capability, primarily of relatively
short~term duration, and through careful selection
and rapid and simple procedures. Funding and
arrangements would be hand’ed through one of
several alternatives, iavolving the USAID Mission,
S&T Bureau and/or Asia Bureau (see Chapter VII for

further discussion).

Expansion of post doctoral professional exchange
and selected graduate, post—doctoral and
specialized technical training opportunities of

varying duration related to research efforts.
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- Funding for other research-related costs on a

gelective basis, such as laboratory equipment.

- A sharply expanded program of sectoral funding by
AID for regsearch aund technology development,
reaching over $16 million a year by FY 1985 aund
averaging almost $25 million a year between FY
1985 and FY 1988, 1if program budget levels are

maintained.

- Mission oversight of the broad $&T framework by a
JCC Scientific Adviscr, a respected scieuntist and

expert in sclence pslicy and administration.

2. Rationale

The team initially considered two broad altermative
"modes” for the R&TD strategy. The first, or Altermative I, would
essentially be a continuation of AID's current mode of operation in
India. Alternative II would represent a major modification of AID's
mode of operatiou and would be based on the establishment of an
{nstitutional locus of techanical collaboration and professional
{aterchange outside the AID Mission. This could take a number of
forms, such as a foundation, an {nstitute, a permaneut secretariat

to the Indo-U.S. Joint Coumissiom, an in-country office for the
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Indo-U.S. Science and Techuology Initiative (STI), etc. Broadly
speaking, under Alternative I the implementation of the research and
technology development activities would be 1internal to the AID
Mission, while coordination with other USG or private agencies on
research collaboration or professional iInterchange would be an
"external” matter for USAID,. and the bulk of the GOI's cuntacts
would be with AID as the USG's "donor agency” arm. Under Alterna-
tive II, on the other hand, implementation of the R&TD program would
be "exterualized” in terms of USAID's role, but much of the coordi-
nation of the program with ogher USG or private activities could be
"{internalized” by bringiné them under one {institutional umbrella.
The bulk of the GOI's contacts under this alternative would be with
a joint secretariat or foundation of some kiad, which would give
substance to the concept of a relationship of "mature collaboration”

rather than that of "donor” and "recipient.”

Alternatives I and II therefore differ with respect to
the extent to which they meet the various objectives and criteria.
outlined above. The recommended alternative is an intermediate one,
including some features of Alternative I and some of Alternative
ITI. The factors which léd to this recommendation are summarized it
the chart below, which assigns a plus sign to the alternative which
18 more 1likely to meet -various objectives and criteria wmore fully

(and a minus sign otherwise):



R&TD Program Emphasis

Joint Effort Likely to

Endure Beyona the Program

Rapid Implementation

Opportunity for Policy

Dialogue

USAID Management Burden

Coordination of USG

Programs

Linkage to AID Programs

- 42 -

Alternativg_l Recommendation Alternative II

- + +
- 0 +
.
i
+ + -
- + +
- - +
- - +
+ + -
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a. R&TD Strategic Emphasis: The current USAID program

allocates a large portion, approximately 25Z, for R&TD activities,
including 1iu 1irrigation and water management. The Agricultural
Research Project is the most notable among the 16 active or proposed
projects which include R&TD activities. Despite the existence of
these activities, AID and the GOI have not highlighted their impor-
tance as a basic objective of the program. In the past, Ageacy
policy emphasized the delivery of techumology in bilateral programs,
giving lower priority to investment 1in research and technology
developmant. In a few countries with AID programs, such as India,
there is well developed scientific capability to contribute better

technology to the development effort.

The AID Mission 1in India, the Embassy, and Indian
policy-makers, in both the sclence and economic cevelopment spheres,
now wish to emphasize R&TD opportunities for AID's program. The
emergence of this interest 1is timely, it builds upon the dialogue
between Indian and U.S. sclentists created by the Indo-U.S. sub-
commissions for Science and Technology and for Agriculture, and the
Tindo-U.S. Science and Technology Initiative guided by the Senior
Scientific Panel. The Administration of AID and the leadership of
the Asia Bureau and Science and Technology Bureau have requested

this R&TD proposal.
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In operational terms, emphasis on R&TD in the USAID
program requires going beyond the current program mode 1im the
fcllowing ways: a strategic framework for R&TD with a long-term
commitment as a program priority, allocations of staff, increased
attention by Mission management, project mechanisms tailored to the
flexibility required for scientific endeavor, and a forum for dig=-
cussing R&TD policy, and management and program 1issues with the
GOI. The recom—~ wended mode can provide these requirements, with
somewhat less visi- bility and attention than the institution
embodied in Alternative II. Alternative I would only provide better

project mechanisms.

b. Joint Effort Likely to Endure Beyond the Program:

During the past ten years there has been a gap 1n
AlD-supported exchange between U.S. and Indlian scieatists. During
the fifties and sixties, many Indian scientists were trained in the
U.S. and worked with U.S. sclentists in India. Although institu-
tion bullding 13 no longer a primary objective, Indian and U.S.
sclentists still feel the need for {nteraction. The Special Local
Currency Programs for agriculture and science and technology have
enabled interaction; however, the funds have been insufficient for
Indians to be trained in the U.S. and for U.S. scieantists to work
with thelr colleagues 1in Iundla. The Science and Technology
Initiative (STI) accelerated these efforts, but with limited funds

and a tight two-year time period for research.
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Alternative II envisages a joint Indo-U.S. R&TD
institution or foundation that would manage a rupee endowment Ffund
and AID Development Assigtance funds. Such an 1institution could
provide resources and mechanisms that would continue beyond the AID
R&TD program proposed here. The recommended mode does not at the
outset link AID's program to a new R&TD iumstitution and, therefore,
falls short of ensuring permanent wmechanisms for scientific
interaction. The recommended mode does strengthen Indo-U.S.
scientific relationships, both personal and institutional, and
harnesses them to economic development objectives. These rela-
tionships and experience with methods of 1{Interaction may endure
beyond the AID program {f other funds become available in the
future, perhaps through an endowment fund and evolution toward a
joint R&TD d{institutionm. The current effort initiated by the
Ambassador to establish a sclentific aud cultural endowment fund

composed of PL 480-generated rupees could well provide such an

opportunity.

¢« Rapid Implementation: All the scientists, Indian and

U.S., assoclated with existing programs urge rapid, simple, respon-
sive procedures. The major drawback to Altermative II i{s the time
and effort needed to negotiate participation in an 1institutional
mechanism outside the AID structure. The variety of mandates and
modes of operation of the U.S. and Indian institutions which might
be involved creates a challenging series of obstacles to agreement

on the nature and functions of a comprehensive R&TD institution.
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Implementation would likely be delayed for two years or wmore. The
recommended mode involves more modest initial steps, with the imple-

mentation obstacles restricted primarily to internal AID gystems.

From the team's viewpoint, a major obstacle to implementing any of
the alternative modes is aiu AID mechanism to fund and to process
requests for U.S. technical experts. Such a mechanism 1s likely to
be seriously delayed {f it nmust be channeled through the Indian
budget review process; all bilateral funding 13 subject to such
review, without exception. Several approaches to mitigating this

problem are prorused in Chapter VII-B.

d. Coordination of USG Programs: Indian sgcience

administrators are perplexed by the relationship among the current
U.S. initiatives in science and technology. Objectives, mechanisms,
personalities, time frames, and fundi:g levels differ among the U.S.
programs. The Indiaus feel thelr own administrative structure is
integrated and constant for all the programs; they would prefer a
simpler structure on the U.S. side. At the same time, the
leadership of DST feels the STI should be allowed to develop or

mature before it 1s changed, or melded with other programs.

More effective coordination among the U.S. programs
could have the following benefits: more coherent approaches to par-

ticular sclentific or technical problems; more effective use of
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existing, limited resources by pursuing broader or multiple objec~
tives; less administrative burden on the Indians and less adminis~
trative cost for the U.S.; more effective, visible role for the U.S.
in its scientific collaboration with India by joining the forces of
the various programs. On the other hand, the complexities of dif-
fering authorities and procedures among USG agencies and the con-
flicts of different institutional viewpoints present a daunting
challenge to those who would coordinate. Without an attractive
drawing forre, such as the establishment of an Indo-U.S. foundation
or institute, any formal coordination is probably beyond the caj:.~

bility of USAID to encourage at this time.

e. Linkage to Other USAID Development Assistance

Programs: The current relationship between USAID and Indian
research 1lunstitutions 1{in particular gectors should not be un-
dermined. Now th2t the difficult, protracted uegotlations for an
Agricultural Research Program are completed, the Mission has an ef-
fective, reagsonably flexible vehicle to support agricultural R&TD
over the time frame of this strategy. The USAID is developing =a
project for biomedical research which has direct links to applica-
tion in primary health care systems at the Stace level. The new
nutrition project includes research on the causes of low birth

welght. A forestry research project is planned.
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The overlay of a formal institﬁtional framework which
{ntervenes in the above mentioned project-supported R&TD programs
could be detrimental to the Mission's R&TD effort. The recommended
mode tries to preserve the integrity of arrangements for each of the
sactoral programs, and to enhance the R&TD effort through: a
complementary crogs—sectoral program to be administered by DST; more
opportunity for dialogue about R&TD policy and management issues;
and timely provision of U.S. sclentists to participate 1in the
programs. The formal structure and authorities 1inherent in the
separate institute or foundation proposed in Alternative II ‘could

risk detrimental {intervention 1in the sectoral programs already

underway.

f. Opportunities for Policy-Dialogue: The current

USAID program does not provide an adequate basis for addressing
protlems or 1ssues encountered by policy-makers conceruned with
research and technology development. The recommended mode proposes
three bases for addressing such issues: a Science Panel of U. S.
scientists and science administrators to advise the Mission om R&TD
1ggues related to AID's program; a working relationship with the
Department of Science and Technology (DST) which formulates S&T
solicy for and advises the Planning Commission, supports research on
asew technologies, and coordinates research throughout the public
sector; and, finally, a project mechanism for innovative research

and studies. Funds for studies by DST or the Planning Commission
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could be used to examine alternative approaches to analysis of
research investments and lmproved methods of research managemeunt and

to assess benefits of research investments.

Under the recommended mode, the Science Panel would
consist of a small number (3 to 5) of eminent U.S. sclentists to
beconvened by the USAID Director for internal AID program reviews.
A more formal arrangement under Alternmative II would be joint
I#do— U.S. Panel to review and discuss joint R&TD programs. This
joint Panel might be given more authority in terms of recommending
or determining budget allocations and research priorities; the

recommended mode leaves these authorities with AID.

g Management Burden for USAID: The recouwmended

program uwode probably places the greatest management load on the
USAID Mission. An {mportant relationship must be developed with the
Department of Science and Technology. A sclence panel wmust be
supported. An additiomnal project, 1nvolving complex resgearch
programs and difficult policy studies, must be managed. An expanded
volume of visits by U.S. sclentists and graduate and post—-doctoral
trainiag of Indian sclentists must be aduministered. An enhanced AID
role 1in R&TD must be orchestrated, involving 1interaction wicn
sclence and development policy makers in India and the U.S. These
tasks must be carried out at various levels, with heavy iavolvewent
of USAID executive gtaff. This management burden 1is the major
drawback of the recommended mode. With Alternative II, much of this

burden, not all of it, could be shifted outside the USAID to a new

institution.
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There are ways of reducing this burden under the recom-
meanded mode, including the use of JcC's, FSN staff and utilizing
Indian consultants and consultancy firms that work closely with the
Migsion. These options are being actively pursued or explored by
the Mission. However, the longer raange amswer to integrating the
management requirements of an R&TD program lies 1in AID's ability to
catalyze working relationships between Indian and U.S. universities,
and between various government departments of both countries (e.g.,
NIH, USDA, Embassy Sclence Counsellor, NSF, etc., with relevant GOI

counterparts) without taking a lead role in most instances.

Additional discussion of the above topics is found 1in

Chapter VII, "Implementation Mechanisms.”
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V. SUMMARY OF SECTORAL COMPONENTS

The following sub-sections summarize longer analyses of each
of five sectoral areas: agriculture; forestry and environment;
energy; biomedical research; and industry. The complete analyses
are contained 1in five annexes. These sectoral analyses were
prepared by the gectoral specialists on the team: Dr. Anson
Bertrand on agriculture; Dr. George Curlin on biomedical research;
and Dr. Robert Ichord on forestry aund envircoment, energy and

industry/private sector.

Certain common features tend to emerge from these analyses.
They comprise some of the main features of the overall strategy as
described in Chapter IV: osupport for collaborative research and
professional {nterchange; selected graduate, post-doctoral and
specialized training; provision of critical research-related commo-~
dities; concern with relevance and application to major development
problems; and establishing -— or re-—establishing =- relationships
between selected Indian and U.S. fnstitutions or units of
{nstitutions (e.g., university departments). Some of these findings
tend to vary from sector to sector. Por example, institutions are
relatively well-established 1in agriculture, so that institutional
relationships and strengthening efforts would be more selective in
this sector. In forestry, however, there could be significantly
broader support for {nstitutional development related to support for

development-focused research.



- 52 -

An operational conclusion for USAID that emerges, particu-
larly from the agriculture sectoral analysis, merits special atten~
tion. A long-term effort in collaborative research and technology
development, characterized by continﬁity and coumitment, requires a
long-term, flexible support instrument. The team believes that the
Agricultural Research Project (ARP) recently gsigned by the GOI and
the U.S. has the potential for becoming such an {nstrument. The ARP
envisions about six sub-projects to be mutually agreed on over time
by the Indian implementing fnstitution, the Indian Council for Agri-
cultural Research (ICAR) and the USAID Miassion 1in New Delhi. The
team believes the ARP should be extended, with additional funding as
warranted, as long as mutually degsirable. The team would expect
rhis time horizon to last ten years and perhaps longer. Reviews of
performance Involving Indian and U.S. scientists would occur at
regular intervals over the 1ife of the project. This approach has
been mutually agreed to by ICAR and USAID for the ARP. The team
believes such a procedure should obviate the need for new or amended
ARP Project Papers, thus permitting GOI and Mission staff to give
attention to the develspment and monitoring of workable frameworks

within which R&TD collaboration, implemented by entities other than

AID, can take place.
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The team believes the ARP, as described above, could consti-
tute a model to follow in other sectors. The proposed biomedical
regearch and forestry research projects are obvious candidates for
this approach. This approach 1s facilitated greatly if there 1is a
central implementing institution oa the Indian side, such as the

ICAR.

A Agriculture*

The continued stability and sustalined improvement in the
productivity and well-being of the Indian nation and its people are
dependent upon continued development of Indian agriculture. Agri-
culture contributes over 407 of India's Gross Domestic Product, and

food grains dominate, accounting for 70% of total crop production.

India's agricultural policles over the past thirty years
have almed at accelerating production, reaching self-reliance and
enhaucing equity. The first phase emphasized reforms in the {iasti-
tutional enviroument and changes in atctitudes of farmers. Both ob-
jectives were partially achieved. The second phase of agricultural
davelopment in India began in 1965-66 with the development of a "new

agricultural strategy” with the objective of rapidly increasing

agricultural production and rural employment through the use of

*See Annex A for complete section on Agriculture.
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largely externally derived technology i1ncluding high-yielding
varieties (HYVs), fertilizers and pesticldes, as well as the expan-
glon of irrigated area and the maintenance of adequate incentives to
adopt the new tecunologies and expand production. At the same time
India was making major efforts to eunchance 1its agricultural
education, regsearch and technology development and transfer
capability. This strategy paid handsomely and has permitted India
to become largely self-gufficient in food grains. India has not had
to resort to massive imports of food grains since the mid-70's (with
the exception of about two milllion tons of wheat imported in 1981-82
-- and a lesger additional awmount in 1983 -~ to replenish stocks

depleted during the 1979-80 drought).

Many analysts have concluded that prospects are good that
India can reach its ambitious goals of about 4% annual growth 1f the
GOI continues to give high priority to the agricultural sector and
provides the necessary technical inputs and maintains agricultural

markets that are attractive to farmers.

Because most of India's cultivable land 18 cropped, future
growth in production must largely come from increased productivity
(increases in production per unit of input). There is opportunity
for 1increased productivity ia most areas. With the exception of
rice and wheat in the Punjab, crop yields in India are not on a par
with many other areas of the world with similar soil and climate
sesources. The challenges and opportunities in the future appear to

lie in closing the gap between predominant yields obtained in India

and the biologic potential.
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Research and technology developument, linked to effective
extension and other forces of technology diffusion, and complemented
by sound pricing and marketing policies, must continue to play a
leading role in Indian agricultural development. Carefully gelected
research and technology development and implementation activities
offer unique opportunities for GOI and AID collaboration to

accelarate agricultural development.

Identification of problems and gelection of areas for
gpecific collaboration in research is difficult because the gpectrum
i3 so broad and the needs so great. Emphasis must be placed on
those areas of high importance to India's future food needs, keepiung

quality of the scientific effort in mind at all times.

Since India's agricultural universities and ICAR (Indian
Council for Agricultural Research) {nstitutes are mature and
staffed, for the most part, with capable sclentists, selected areas
for future efforts should build on strength in sclence where a
collaborative effort will have a high probability of wmaking
gignificant progress 1in solving constraints to production and

utilization of agricultural produ

Regardless of the Mission management mechanism adopted, it 1is
visualized that the pattern of R&TD activity im agriculture in India
gupported by AID will largely be {mplemented through a wmode

established by the existing Agricultural Regearch Project.
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Opportunities for research in agriculture that will be wutually
beneficial to India and the U.S. are numerous and it is anticipated
that many of these collaborative research efforts will be launched
during the next ten years. The need is great and the absorptive
capacity is sufficient, given an adequate programming mechanism, to
accommodate research activities during the next five years requiring
at least $30 willion ia addition to the $20 million already
zllocated. In addition there 1is a great opportunity to strengthen
the Indian agricultural universities and at the same time enrich the
U.S. universities by development of a joint program to increase the
capabilities of Indian agricultural universities. It is estimated
that $15 million at a minimum could be effectively used for this

purpose during the next five years.

Specific agricultural subjert matter areas that appeared to
merit increased R&TD effort and to present potential opportunities
for Indo-U.S. scientific collaboration during the period 1983-1988,
are:

1. Integrated plant nuutrient management gystems, to

maximize efficliency and adequacy.

2. Management  systems for lowland rice productiou
including fertilizer efficiency and varietal
improvement.

3. Biological nitrogen fixation.

4. Agroforestry research and development of silvi-food

crop and silvi-pastoral systems for food, fodder and

fuel.
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5. Energy research in agriculture concentrating on
alternative energy sources such as solar and wind.
6. On-farm water management {ncluding drainage and use of

irrigation water.

7. Soil-water—crop management systems for raianfed
agriculture.
8. Animal breeding 1including ova transplant and other

techniques to accelerate animal improvement.
9. Bio-technology including cell and tissue culture and
other techniques.
10. Disease and pest control for pulse and ollseed cvops.
11. Weed control for both dry farming and irrigated areas.
12. Socio-economic studies 1im areas such as {irrigation,
farm-forestry and farming systems.

13. Small watershed management.

These areas are not preseanted in priority order and should be
viewed as —ecommendations for subsequent GOI and USG discussion and
review. If a decision is made to initiate and foster collaborative
research efforts in these areas during the next five-to-temn years,
the progress of Indian agriculture should be enhanced as each has
been ideatified as a major constraint. While it is beyond the scope
of this paper to justify each recommended area, one which does merit

special attention is on-farm water managemeunt (no. 6).
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Agsuming that the high priority areas identified above will
be addressed in the period 1983-1988, the period 1988-1993 will
require continuation of most of them to pursue second and thiré
generation problems. This will be necessary because much of the
research 1s agro-ecological zone-specific, and the biological system
13 so dynamic that new challenges are presented constantly; 1.e.,
plant breeding for resistance to diseases and insects 1s never
done. Several additional research areas for 1988-1993 are suggested

in Annex A below.

India's agricultural universities were developed with assis-
tance from U.S. land grant universities and most are organization-
2lly and functionally similar to land grant universities. This
teaching-research-public service mcdel should be perpetuated and
strengthened in India's agricultural universities and at the game
time specific programs in specific universities should be strength-

ened.

It 18 recommended that AID launch a major program aimed at
strengrhening the teaching—research and public service capacity of
selected agricultural universities. Such a program might be funded
for the next five years with provision for extended support if
avaluation shows continuing needs and that the existing program has
accomplished 1its objectives. Types of activities that might be

{ncluded in this program are post-doctoral fellowships, support for
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research to be conducted by an Indian scientist 4in a U.S.
university, short-term educational visits to U.S. universities by
Indian university administrators, purchase of equipment for research
and other types of activities found to be needed to stremgthem the

agri- cultural universities.

The presence of ICRISAT (the Iaternationmal Crops Research
Iagtitute for the Semi-Arid Tropics) in India presents both oppor-
tunities and problems. Since AID is supporting twenty-five percent
of the core program at ICRISAT, it behooves AID to ensure that

ICRISAT's work is supportive of Indian development needs.

ICRISAT 1{s working on crops of special significance to
India: sorghum, millet, groundnuts and edible legumes. The breed-
ing material and new varieties produced by ICRISAT are readily
available and are moving quickly to Indlan farmers through ICAR and
the state extension programs. Research belng conducted at ICRISAT
in farming systems is less readily taken up by the extengion system
and the farmers for several reasons, the principal omne of which
appears to be the rost incurred by the faimer in making the transi-
tion from traditional methods of tillage, water management and crop—
plug to the new improved system. There 18 a tendency for the All-
Iadia Coordinated Agricultural Research Project personnel to view
the ICRISAT farming system for the vertisols (black soils) as merely
a water harvesting technlique instead of a farming system. Until the

concept 18 sold as a farming system that will earn the farmer more
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{vcome and the credit system available to the farmer permits him to

meke the shift, adoption of the improved farming system will con-

tinue to lag.

The Director of ICAR is a Member of the Board of ICRISAT and
1s in a position to influence {its program. It 1s recommended that
the USAID work with both ICAR and ICRISAT to increase the dialogue

between ICAR and ICRISAT.

B. Forestry and Environment*

Pressures on India's natural resource base are intensify-
ing as the population moves towards the one billion mark and as
agriculture and {ndustrial development demands larger volumes of
land. energy and raw materials. The result i{s a raﬁid deterioration
of India's forest, soll and water resources. 0f central concern is
the process of deforestation and land degradation that threatens
gains in agricultural production and poses a major future constraint
to achieving the projected minimum requirement of 225 million touns
of food production by 2000. The Indian Ministry of Agriculture
estimates that 175 milllion hectares of agricultural and non-agricul-

tural lands are suffering degradation from various causes: ; serious

*See Annex B for complete section on Forestry and Environment.
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water and wind erosion, waterlogging, salinity and shifting cultiva-
tion. The growing fuelwood crisis and the diversion of organic
residues and dung to energy uses will further the nutrient drain and

goll erosion processes.

The GOI has launched sizable social forestry programs in most
states and has receuntly moved to create 12 biosphere reserves to
supply wood needs, protect watersheds and preserve biological diver-
gity. On the research side,‘the GOI 1s in the process of formula-
ting national research programs in the forestry and environmental
areas. A World Bank/USAID/ODA Sector Team has recently recommended
a substantial program to strengthen forestry research, education and
extension and has recommended five broad areas for research:

(1) fuelwood biomass research;

(2) fodder trees;

(3) watershed land use management;

(4) forest product utilization;

(5) wood-based energy technologies.

Some forestry aud environmental research is underway at the
FRI (Forest Research Institute at Dehra Dun); CSIR (Council for
Sclentific & Industrial Research); institutions such as the National
Botanical Research Institute and the National Chemical Laboratory;
ICAR (Iandian Council for Agricultural Research), the Central

Grasslands and Fodder Resgearch Institute in Jhansi, the Central
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Soil and Water Conservation Research and Training Institute, the
Central Arid Zone Research Ingtitute, and the Natiomal Imnstitute for
Agricultural Research; and other institutions, e.g., Madural Kamra}
University. AID is currently providing about $4 million in research
for forestry under energy and social forestry projects and provision
is made in the Agricultural Research project for forestr: research.
India recognizes its need to strengthen research and technical capa-
bilities in the forestry and environmental areas. AID has a unique
opportunity to wmake a critical input at the formative stage of a
national program for building a national capacity, similar to our

contribution in the agricultural area.

The team recommends a long-term R&TD program emphasizing the
role of trees and grasses in reversing ecological deterioration and

expanding rural {ncomes. The sectoral program would have three

major elements:

(1) Bageline environmental research om the nature, determi-
nants and consequences of land, forest and water degra-
dation.

(2) Early resu'ts—oriented regearch in short-rotation and
multi-purpose trees {fuelwood, construction materials,
medicinal products, fruits and nuts, nitrogen fixation,
etc.), including species identification and trials,
agroforestry and silvi-pasture potential, yields of

minor forest products, soil nuctrient balances,
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preferences and impacts on the poor and landless for
different trees and afforestation schemes, nursery
techniques, and selection and mass propogation of gene-
tically superior trees.

(3) A more basic but modest research effort aimed at gene-
tic 1improvement of trees through the creation of new

hybrids for clonal propogation.

The establishment of an Indian Council on Forestry Research,
as is being considered by the GOI, including ICAR, CSIR, FRI, and
the Department of Environment, 1f widely endorsed and implemented,
would provide a framework for the development of an umbrella re-
search project similar to the current agricultural research project
with ICAR. Such a project should be linked to the new joint program
in forestry and bloresources being developed by the Asia Bureau and

the S&T Bureau.

An FY 85 project of $40-60 million over ten years may be

attainable.

C. Energy*

Energy 1is a vital input to agricultural and industrial

development; per capita GNP 18 closely correlated with per capita

*See Aunnex C for complete gsection on Energy.
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commercial energy use. If India 18 to achleve by.2000 the same GNP
per capita as in Thailand in 1980 ($670), it will need to 1increase
its commercial energy consumption from 105 million tons of oll equi-
valent (TOE) to 250 million TOE. Thils prospect represents a formi-
dable task. But new oll and gas discoveries hold promise of signi-

ficant reductions in oil import dependence.

India remains over 507 dependent on traditional or “non-
commercial™ energy. Price increases for commercial fuels have put
thege fuels out of the reach of the lower income groups and popula-~
tion pressures and shortages of fuelwood have pushed up fuelwood
prices in urban markets. The poor have 1increasingly been forced to

use dung and agricultural residues.

GOT policies give high priority to energy and close to 407 of
India's budget expenditures are for energy, fuelwood, and related
fertilizer and transportation. Nevertheless, shortages of power are
occurring in virtually every state and are seriously affecting in—

dustrial and agricultural output.

The GOI supports a broad-based program of R&D 1in the energy
sector with a general emphasis on:
- impiovement and adaptation of existing technologies
with emphasis on counservation;
- development of more efficlent technologies for utili-
zing indigenous conventional sources of energy;

- development of renewable energy technologies.
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Areas for researcii and technology that are key for meeting
both centralized and decentralized development needs are coal and
biomass. India has the largest coal resources in the developing
world with over 100 billion tons of protable reserves. The coal is,
however, of poor quality and India is keenly interested im technolo-
gles for the benefication, tranmsport, and utilization of high ash
coal. R&D on blomass production and conversion is also of high pri-
ority and Prime Minister Gandhi stressed R&D on biotechnology at the

recent World Energy Conference in New Delhi.

Competent research and development programs in new coal tech-
nologies exist at Bharat Heavy Electricals, the Central Fuels
Research Institute and the Reglonal Research Laboratory at
Hyderabad. In biomass converéion, IIT Delhi, the National Chemical
Laboratory, and Jyotl Ltd., a private company, are carrying out sub-
stantial programs on combustion, gasification and liquefication of

woody and non-woody blomass.

USAID has an Alternatlve Energy project that 1s promnting
collaborative research and professional exchange in coal and biomass
with these institutions. Research activities are belug developed in
fluidized bed combustion, coal and blomass gasification, coal mix-
tures, and coal benefication. The U.S. technical manager for the
program i1s the Pittsburgh Energy Technology Cente: of the Department

of Energy. Substantial U.S. private company involvement 1is antici-

pated.
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1f this new activity proves effective, plans for a larger and
longer-tern (l.e., seven year) fcllow-on project in FY 86 should be
pursued. A reasonable cost estimate for a ten year program of col-

laborative research and professional exchange 1s $15-25 million.

D. Biomedical Research*

Biomedical research in India 1s a vigorous field. Al-
though the biomedical research field is relatively gmall, it 1is of
relatively high quality. Good coordination exists between the esta-
blished medical research programs undertaken through the Indian
Council of Medical Research (ICMR) and the newver DST (Department of
Science and Technology) research programs. The overall amount of
GOI support available for R&TD 1is said to be adequate, although
availability of funds wmay <imit the acceleration of development-
oriented biomedical research. The ICMR budget is apparently better

funded than the DST budget because it 1s an older, more well-known

program.

The DST 1ist of priorities is so basic that the question of
relevance to development L8 difficult to assess. Many of the

diseases are not major killers of children. The best iunsurance for

*See Annex D for complete section on Biomedical Research.
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agreement on the areas for health research is a careful, iterative
process 1nvolving development and technical experts. In the
National Biotechnology Board of DST, the initial priority-setting
process was a lengthy (five year) exercise which effectively reached
a consensus and involved a large number of groups. There anpears to
be widespread support imn the bilomedical research community for the

DST 1list of priorities for biotechnology.

Policy appears to encourage broadly the acquisition of
fofeign technology in tie biomedical research area as 1in other
areas. Foreign exchange will reportedly be made avalilable to
acquire the technology. However, there is a lack of coordination
between the relevant GOI administrative units and actual opera-
tioas. For instance, customs 1s seldom persuaded to facilitate
import of even short-lived biomedical reagents. An active private
sector in research reagents and supplies would greatly enhance

development of useful technologles.

There are several excellent biomedical research professionals
in India. Most work alone; there are few relatively larger comncen-
trations of professionals although there appears to be fairly good
communication between Iinvestigators. Facilities are adequate but
certalnly not lavish. For example, equipment appears to be adequate
at best. There 18 every 1indication that productivity caanot 1in-
crease dramatically in most productive laboratories without addi-

tional, improved equipment.
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Trainlag 1s one area in which there was virtual consensus.
All of the Indian investigators mentioned the need for greater
access to short to wmid-term training or visiting sclentist
opportunities for themselves and their younger colleagues. Most

mentioned post-doctoral, non—degree training as a need.

In summary, key features of the Indian biomedical research

field are:

- Success is assoclated with a few bright and productive
{ndividuals who are located in a variety of labora-
tories.

- There are few concentrations of productive investi-
gators; groups are rare.

-= A few are acknowledged researchers imn the U.S. and
elsewhere; tney are part of a network.

- By and large, the acknowledged leaders are not active
{n areas to be consldered of top priority from a
devei.pment perspective.

- Higtorically, support has come from the ICMR programs;

indeed, many of the leaders in biomedical cesearch work
in the ICMR network of laboratories.

- With the exception of the All India Institute of Medi-
cal Science, the Christian Medical College at Vellore,
the Pout-Graduate Institute at Chandigarh and a few
others, produc- tive biomedical regsearchers are not

asgociated with medical colleges.
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- Funding is only oune of geveral potential constraints,
and it is probably not the most serious one.

—— Indian biomedical researchers cherish the thought of
true collaboration with U.S. 1investigators with whom
they are familiar.

- There 1s a felt need for younger members of the re-
gearch gtaff to train at the post—doctoral level in the

laboratories of U.S. scientist~collaborators.

With these points in mind, the possibilities for activities

and estimated budget levels are as follows:

AID support to biomedical research 1in India should be
digease-oriented and based on the priorities of the Government of
India with which AID priorities are congruent. Shared overall ob-
jectives to be achieved are: reductions i1 infant, child and mater-
nal wmortality; {in fertility; and in morbidity of the labor force.
Major biomedical research subjects that constrain achievement of
these objectives are, 1Iin order of priority: respiratory diseases
including tuberculosis; diarrheal and enteric diseases 1including
typhoid; reproductive immunology and the immunizable diseases; and

nutritional anemia.

The support of priority disease-btased research will encompass

research on diagnostic techniques, treatment modalities and the



- 70 -

developmeat of improved or uew vaccines. Thus, biotechnical re-
search with particular emphasis on blochemisicry and genetic engi-
reering in the expanding hybirdoma technology for identification of
antigens and antibodies are basic. The use of these newly derived
antigens and antibodies for rapid diagnostic techaiques will lead to
the next level of research to be supported, the field trials. Field
trials of diagno- lc techniques discovering morbidity patteruns
should lead to additional research 1into treatﬁent modalities. This
applied research activity needs constant support of bench laboratory
research to disclose unew drugs and new vaccines. The field trials
research should enable bench research to modify advanced diagnostic
techniques to the point of making available simple, rapid diagnostic
techniques which do not depend upon microscopes and expensive equip-
ment for use in primary health centers. The support of biomedical

research must be comprehensive, from the bench to health services.

The tools for biomedical research must be streangthened.
First in priority is the training of junior level researchers and of
laboratory technicians through the collaboration of the American and
Indian scientific commuaities. The Indian community should be
enabled to take full advantage of the numerous American laboratories
(university, NIH, private {nstitutions) that are vigorous in the
hybridoma/recombinant D&A-genetic engineering—antigen-antibody com=
plex. The return visits of American investigators and lab techuni-
cians to Indian laboratories for planning conferences and for scien-

tific councils and seminars should be facilitated.
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Beyond training, the essential tools of equipment and
reagents must be made available initially by access through foreign
exchange but ultimately by the support of local producticn. Doubt-
less, local production will spontaneously surface with the increase

i1n demand that should result from extemsive training.

The final tool to be emphasized is that of data processing
and management information systems; data processing, so essential to
extensive bench laboratory work, and management information systenms,
so essentlial in field trials and applied research for health ser-—
vices. Management information systems constitute an {mportant link
between biomedical regearch and effective application through health

services.

The approaches outlined above would require about $1.5-2.0
million a year in AID funding over a ten year period to fund 15-20
investigators. Additional funds would be needed for training
expenses, workshops of collaborators, and selected equipment and

specialized supplies.
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E. Industry/Private Sector*

Sustained 1industrial growth 18 vital for India 1f the
standard of living of its massive populstion is to rise in the
coming decades. Yet the average anuual rate of increase 1ia the
index of value added from the industrial sector has declined from
6.4% in the 1950's to 5.8%7 ia the 1960's to 4.9% in the 1970's. The

{ndustrial sector provided only 23% of GDP ia 1982.

The Sixth Five-Year Plan recognizes the importance of
technology to industrial development. India has placed heavy empha-
sis on self-reliance in science and technology and the January 1983
"Technology Policy Statement” sets out basic principles that permit
only selective import of technology and related foreign investment.

At the center of regulatory decision-making on technology
fmports 1is the Director General for Technology Development (DGTD) 1in
the Ministry of Commerce. This office of over 700 technical staff
nxamines proposed 1investment projects and technology licensing/R&D
arrangements from the standpoint of (1) the economic impact of the

investment; (2) the foreign exchange requirements; and (3) the

*See Annex E for complete section on Industry/Private Sector.
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availability and comparative quality of domestic technology. Major
cases or disputes over the third point are reviewed by the tech-
nology Evaluation Committee, composed of DGTD, the Department of
Science and Technology, the Council for Scientific and Industrial
Research, the National Research and Development Corporatiom and
gsometimes outside experts. Neither private 1industry nor public

industry is formally represented ou the TEC.

Total expenditures on industrial R&D by public and private
groups totaled Rs. 1,937.6 million (about $194 million) in 1980-81,
wich the privete sector accounting for about 552 of the total.
Private secitor Ré&D expenditures were concentrated in chemicals,
electrical equipment, drugs and pharmaceuticals. In the public
sector, the Council of Scientific and Industrial Research plays =&
kev role in R&D, commanding 18% of Central Government R&D resources
in 1980-81. CSIR has 38 laboratories, 100 extension centers and
regional stations, 4,300 scientists and 10,000 support technicians.
It repr2sents a powerful interest group in support of technological
gelf-reliance. CSIR in general tends to be viewed by private indus-
try as 1ineffective and sometimes as an obstacle to obtainil 3
superior foreign technology. This generalization does not hold,
however, for several CSIR {institutes that have good reputations,
guch as the National Chemical Laboratory and the Central Fuels

Regearch Institute.


http:privL.te

- 74 -

Several large coprorations in India, such as BHEL in the pub-
lic sector, and Jyoti Ltd. and Tata Research in the private gector,
carry out considerable R&D in the energy, electrical and transporta-
tion areas. Industry research institutes, such as in the U.S., are
l{mited in number and capability. The largest ones are in textiles,
tea, Jjute and wool. The Assoclation of Indilan Engineering Indus-
tries (AIEI) with its 1,617 members has an active R&D coumittee.
USAID 18 beginning a project that includes work with AIEL in energy

conservation.

India has pald a tremendous price for i{ts policy of technolo-
gical self-reliance. It 1is beginning %o realize this fact wmore
sharply as advances in countries such as the U.S. and Japan in elec~-
tronics and computers widen the productivity gap even further. Al-
though the number of 1licensing agreements has 1increased in recent
years, many constralints exist to increased technology imports and a
larger, more effective {industrial R&D effort. TImportaat barriers
include: (1) the protectivs, sometimes monopolistic economic envi-
ronment; (2) the low returans to investment due to government price
controls; (3) the unreliability of power and iunfrastructure bottle-
necks; (4) the small size of most Indian companies; (5) non-restric-
tive liceunsing provisions; (6) the low ceiling on allowable licen-
sing fees; (7) some feeling that duration o patent protection (as
short as three-to-seven years) limits R&D 1investment; and (3) the

prohibition against majority foreign owmership.
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The basic conclusion of this general overview is that India
needs to institute policy changes to allow easier access to imported
technology and to create a more effective {nfrastructure for the
adoption of imported technology. A U.S. program approach to support
these objectives would focus on: (a) identifying the research and
technology needed to improve productivity and requisite policy
reforms to promote their adoption at both the macro and specific
{ndustry level; (b) improving capacity to manage technological iano-
vation and R&D at the firm and plant level; (c) {improving R&D
development capabilities 1in the private A&E (Architectural and
Engineering) community; and (d) reform and rationalization of the
CSIR system go it 1is more responsive to industry needs. (Prime

Minister Gandhi recently ordered a review of the CSIR system.)

Two areas of possible concentration in this regard are energy
conservation and {ndustrial pollution. U.S. companies may be
{nterested in tile-ups with Indian private companies for R&D and
technology transfer. A program in the management of technological
innovation might also be pursued through AIEI. A program of $5-10

million i{s recommended.

These options could be linked to, or combined with, current
proposals to establish a revolving fund of PL 480-generated local
currencies in the form of a bilateral industrial research and

development foundation or a similar mechanism.
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VI. INNOVATIVE RESEARCH AND SPECIAL STUDIES

In addition to sectorally-oriented research, this strategy
proposes a program of “innovative research and special studies.”
The program would have two components: (1) support for collabora-
tive research on a limited number of fundamental, cross—sectoral
topics and (2) a program of workshops and conferences dealing with

broader, policy-oriented science and technology issues.

In the first component, research and prcfessional interchange
with U.S. scientists working in the same areas would be supported
for a limited number of defined topics agreed to by AID and the
GOI. Research support in these areas could be provided through a
competitive research grants mechanism along the 1lines of that em—
ployed by the U.S. National Science Foundation (NSF). The following

kinds of topics were suggested as possibilities:

- genetic englneering of a more basic character;

- gsurface and membrane phenomena (plant nutrient and the-
rapeutic agent absorption -- by animals and humans -—,
and desalinization technology are examples);

- strength and fibre properties of different forms of
biomass (wood types, textiles, thatch, etc.); and

— photosyunthesis.
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The wmulti-sectoral aspects and potential applications are
perhaps most easily envisioned for genetic engineering, which has
potential applicatioas in animal and human health, crop production,
forestry, energy and certain biological-industrial processes. The
GOI Natiomal Biotechnology Board, serviced by the Department of
Science and Technology (DST), might serve as a mechaunism to facili-
tate the development of a network of Indian research institutions
with capabilities in genetic engineering as well as to coordinate
professional {ianterchange with U.S. sclentists wotrking .in this
area.* This would facilitate the cross-sectoral and disci- plinary

interchange that 1s highly desirable in this fi{eld.

A new center for certain elements of biotechnology research
1s 1n the process of being established at Chandigarh. The team has
heard concern expressed that this, or other new biotechnology
centers, would deprive existing 1{nstitutions of the best people
working in this area. For this reason the team prefers that USAID
provide support for a network approach rather than encourage estab-

lishment of additional centers.

*See the brochure 1ssued by the DST, "National Biotechnology Board
and Its Committees”™ (New Delhi: Technology Bhavan, April 1983) for
further information on the Board.
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The second component of this program envigsions a number of
small efforts, such as seminars, workshops, gstudies and consultants,
dealing with policy-related, cross—-sectoral topics related to
science and technologv and development. Recommended topics include:

- economics  of technological change and resource

allocation to research;

- socio-economic analysis of the cost-effectiveness of

alternative technology delivery systewms;

- alternarive approaches to {mproved research management;

and

- enhancing the role of the oprivate sector ia

development-oriented research, including i{mproved

linkages to public sector research {nstitutions.

A possible third component would be support for enhancing the
exchange of development-related scientific and technical
{nformation. The team did not have an opportunity to investigate
this topic beyond observing that such U.S. resources as the U.S.
National Agricultural Library might be more effectively linked to
the 1libraries of Indian agricultural research 1institutes and
universities. A related topic that could be explored through
conferences or workshops 1is technologies for development information
and analysis, 1including applications of microcomputers. A
development information activity limited to agriculture could be

supported through an Agricultural Research or Agricultural

Universities project.
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The resources required for support of innovat{ve research and
related studies would be relatively modest. Support for basic
research of a more generic rather than sectorally~oriented nature,
would he a departure fer am AID bilateral country program. Such
regsearcn is closer to that supported centrally by the AID Science
Advisor's Office or by the U.S. Hatiounal Sclence Foundation and
National Institutes of Health. In the Indian context, however, a
bilateral program of this nature could provide a wmecharism for

policy dialogue with the GOI on significant science aand technology

issues.
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VII. IMPLEMENTATION MECHANISMS

The strategy features outlined in Chapter IV can be imple-
mented through the follewing mechanisms: sectoral programs such as
the Agricultural Research Project which can be extended over the
ten-year time frame; a funding mechanism for providing U.S. scien-
tists; a modest Innovative Research and Special Studies project; and
an advisory panel to the USAID of eminent scientists. These mecha-
nisms pose two {ssues which wust be resolved by AID if the recom-
mended approach is to be successful: (1) requirements for suffi-
cient USAID grant funds for U.S. technical experts; and (2) require-

ments for adequate staff in USAID New Delhi to manage the R&TD

program.

A. Sectoral R&TD Programs

The recoumended strategy implies a primary role for sec-
toral research. Each sector has different needs and institutional
capabilities. The Mission has valuable relationships with sectoral
zgenclies. The team concluded that direct separate programs would
help respond to the different situations and would strengthen these
relationships. The alternative, channeling funds for all R&TD acti-
vities through a central agency like DST, would reduce the
management burden on the Missiou. However, DST is not organized or
ctaffed for such a role. Even 1f it were, such an arrangement could

well undermine the effectiveness of sectoral programs.
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The Agricultural Research Project with the Indianm Council for
Agricultural Research (ICAR) 1is now underway. Preparation of this
project took five years of discussions with the ICAR beginning 1in
1978. A sound, strong relationship has developed between USAT andi
ICAR's 1leadership. The project provides a structure for joint
determination of research priorities and for regular reviews of
performance, as-well as a flexible instrument for funding. This

arrangement could be extended for the duration of an R&TD program

strategy.

For health, population and nutrition research, the Mission
has had good working relatlonships with the Indian Council for
Medical Research (ICMR). The recently approved Integrated Child
Development Services (ICDS) Project Finances research through ICMR
on the causes of low birth weight. The proposed Biomedical Support
of Health Services Project may establish a funding arrangement which
can be used for the duration of an R&TD program. The project will
link research to application in primary health care systems. More
investigation 13 needed to determine whether there are opportunities

for AID support for contraceptive research.

For forestry research, the recent multi-donor review with the
GOI produced recommendations to establish an Indian Council on
Forestry Research and Education. As part of a broader effort to
develop forestry research, tralning and extension, the R&TD program

could finance activities through the proposed ICFRE. For energy and
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inductry, sectoral projects might work with the Ministry of Energy,
the Deparcment of Non-conventional Eneryy, selected CSIR

laboratories and/or universities and industrial enterprises.
These sectoral programs would finance the conduct of rzsearch
in India, related short-term professional interchange, training of

Indian scientists in the U.S. and scientific equipment.

B. Provision of U.S. Scientists

Throughout the Indian research edtablishments visited by
the team, sclentists expressed {interest 1in working directly with
U.S. scientists {in the U.S. and India. Participation by U.S.
scientists 1in Indla was generally -envisioned as belng on a
relatively short-term, non-resident basgis. There 13 counsensus in
India that long-term resident advisors were valuable during the era
when Indian 1nstitutions., such =as the agricultural universities,
were being established, but that era has passed. Resident advisors

are too expensive and too visible to be accepted easily in India now.

By Iandian law, all compouneuts of foreign donor financed aid
programs must be 1{iucorporated into the development plan of the
Government of India. This was done to bring the variouc domnor
programs under control and to assure that each contributed to
fachievement of de-elopment plan objectives. The effect 18 to

vrequire that every unit of foreign currency spent on development
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assig&ance for India be accounted for within the Indian budget pro-
cess. In other words, equivalent rupees wust be appropriated by
Parliament totaling the value of each foreign aided project.
Administratively, this requirement brings budgetary discipline to
the technical ministries responsible for various aid programs. A
very difficult set of obstacles is created, however, in the case of
financing for expatriate technical assistance. The average cost for
a work-year of expatriate assistance now approaches $200,000.
Acquired through an institutional contract which includes stateside
support, this figure can reach $250,000. A project technician in,
for example, the Ministry of Health or the Ministry of Agriculture,
must justify devoting the rtrupee equivalent of this sum from within
the Ministry's established budget and in so doing must certify that
the skills to b; imported are not available from Indian sources at a
fraction of the cost. National sensitivities are exacerbated by
this requirement, and the provision of technlical expertise which
would otherwise be sought eagerly 1s ccnstrained by patriotic as

well as fiscal considerations.

At the same time, Indian sclentists and policy-makers stress
their need for high quality U.S. scientists, who clearly have soume-
thing to offer the already well-qualified Indian sclentists in joint
regsearch efforts. The USAID Mission feels strongly that special
efforts and perhaps speclal arrangements will be needed to identify

and to attract high quality U.S. sc_entists to this program. The
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Indians are hoping that the very nature of the research opportuni-
ties in this program will attract America's best scientists. The
high quality of U.S. 1investigators recruited for the 1low birth
weight research program gives confidence that this quality standard

can be achieved.

It 18 {imperative to the success of this gtrategy that
gome arrangement or mechanism be devised to permit gelection of
qualified U.S. scientists that match with Indian needs and to pro-
vide them in a timely manner. Failure to do this will ensure fail-

vre of the strategy.

There are several alternative approaches that might be
pursued. An option that 1is attractive to Indian officlals -- and
was {iu fact proposad by several -- is to furnish technical assis-
tance and experts from AID Washington. The cost of such assistance
would not show up 1in the bilateral country program and therefore
would not be part of the GOI development budget. From the GOI per-
spective thig would be assistance "in-kind.” In fact, the UNDP
furnishes expatriate assistance in this manner. Under the UNDP
arrangement, requests for specific experts or commodities are made
3y GOI 1line agencies and channelled through the New Delhi UNDP
Fesident Representative to New York headquarters where physical and
financial arrangements are sgecured. If AID were to adopt this
approach, a portion of the bilateral program budget would be trans-
ferred to the S&T Bureau and/or Asiz Bureau for the provision of

J.S. sclentists in response to requests from USAID aund the GOI.
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A problem with this approach 18 that even though the
impact is still in India, in budgetary terms the India program looks
as though 1t 18 being reduced and a Washington account increased.
Also, it may be necessary to {include in the Washington account all
technical assistance in the India program, not just that related to

regsearch and technology development.

Before the ahove approach 1s considered further, an
approach that would represent a major departure for AID, the team
recommends seeking at relatively high levels {n the GOI approval for
expeditious provision of U.S. scientists from the resources of the

country bilateral program. Two main polnts to be established are

that: (1) both sides recognize that the timely provision of quali-
fied U.S. scientists 1s eggential to th; success of the proposed
R&TD strategy; and (2) the bulk of such expertise would be of a
relatively short-term nature -- less than three months. High-level
agreement on these principles could be communicated to relevant GOI
line mwinistries, thereby facilitating the provision of U.S. gcien-
tists. The selective provision of long-term experts might still be
a stumbling block -- and is in fact subject to delays even through
the UNDP -- but may, {f the above principles are accepted, consti-
tute a smaller problem that it does now. A variant of the above
approach that might expedite the provision of technical assistance
would be to separate this element out from all bilateral projects

Into a separate, bilateral "technical support” pro ject.
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The team recommends that the above conceins and proposals be raised

at high levels with the GOI (e.g., the Prime Minister's Office) at

the earliest opportunity.

1f further efforts to resolve the problen within.the
pilateral country program are not guccessful, then the team would
recommend serious exploration of the AID-Washington apprcach. Two
alternative implementiog mechanisms might be considered: (1) adding
fncrements of funds to the wide raunge of S&T Bureau projects already
set up to provide fileld services, o7 (2) setting up a separate
project to provide Iadla and other couantries with U.S. scientists
for R&TD programs. A combination of the two may be desirable. Use
of existing S&T Bureau projects would be the easiest method, but the
choice of sclentists and tnstitutions may sometimes be too restric-
ted, and the separate purposes of the USAID R&TD program and the
existing S&T Bureau projects may not always adequately converge. A
new, separate project for R&TD program services would take some
speclial effort to establish quickly, but would offer the opportuulty
to hire an intermediary agency to recruit and screen scientists.
Such an arrangement would relieve AID staff of an onerous continuing

burden, and could create an entity in the U.5. to focus omn India's

needs.
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C. Iunovative Research and Special Studies Project

The program of innovative research and special studies
described 1in Chapter VI would be financed through a project under
the direction of the Department of Sclence and Technology. 1In addi-
tion to the support of research, the project would also provide a
means of financing small efforts -- sgeminars, workshops, studies,
consultants —- useful to DST and the Planning Commission in fulfill-
{ng their broad role of oversight of Indian science and technology.
For example, DST 1{s currently formulating the sclence and technology
elements of the Seventh Fi{ve-Year Plan. On a continuing basig, DST
adviges the Planning Commission and the Prime Minister's office on
S&T matters. In developing a PID, the Mission and DST will have to
develop a better understanding of the nature of the innovat£ve
research to be supported, especially in terms of the relatioaship to
development problems. It 18 premature to put a price tag on this
type of activity, since the terms of i{ts authorization will likely
evolve over time. Resources should be proposed initially that are
sufficient to demonstrate tangible results from support of work on

sclence policy problems and on innovative research.

D. Sclence Panel

The team recommends that a small group (4-5) of eminent
sclentists and science administrators be convened regularly by the

Mission to advise the Director, the Mission Scientific Advisor aund
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other senior staff on the scope, content and progress of the
strategye. The purposes are: to obtain the assessments of
experienced sclentists, who also know India and wunderstand
development, on the performance of the total program; to provide
some stimulus for implementation; and to provide another informal
means of communication with Indian policy-makers. The scientists
should be well-respected by both sclentists and development experts
{a India and the United States; they should commlit themselves to
periodic meetings, perhaps semi-annually at the outsget, over a span
of several years; they should represent a mix of disciplines
including social sclence, research managemeut and econoumic analysis
of research investments. The Mission will need to define clearly
the terms of reference for the panel before the Agency could

consider candidates.

E. Grant Fuuding Constraiuts

Since the reopening of the AID program in India in 1978,
the grant component of each year's development assistance budget has
grown from an average of 107 annually in FY 1978-FY 1981 to 28% {n
FY 1983. This lncreased importance of the grant component in USAID-
India's portfolio reflects a greater emphasis on technology trans—
fer, 1institution building, policy dialogue and private sector iui-

tiatives. As their activities 1in thegse areas increase, the Mission
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18 requesting with increasing urgency that ev.n greater proportions
of grant funding be permitted. Traditionally, loan funding has been
used for financing construction, 1imported procurement, recurreut
costs and similar items; grant financing has been reserved for tech-

nical assistance, training, research and experimental or pilot acti-

vities.

Chapter VII projects annual funding levels,
sector-by-sector, for aun R&TD strategy through FY 1988. The
Mission's existing portfolio and grant constraints were taken into
account in making these projections. These estimates assumed that
some portion of R&TD activities would be loan-financeu. This
implies that the Misslon will need to redefine wich the GOI the
types of project components which may be grant financed (e.g., sone
training and research costs, and locally procured TA as well as any
provision of commodities, equipment or construction costs). This
ﬁay be both feasible and desirable as well as necessary. To the
extent, however, that the Mission pushes to expand loar-financing of
R&TD activities early in the iwmplementation of strategy in each of
the sectors, 1t may reduce the 1{mportant 1leverage that graat
financing provides to introduce U.S. scientist collaboration and to

test new approaches to implementation.
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F. Mission Management and Staffing

The pattern of USAID/India's current staffing was set in
1978 when the AID program reopened. At the time a very small
Mission was deemed sufficient to manage a large, primarily resource
transfer program. Although the nature of the program has shifted
away from relatively simple resource transfer to more complex pro-
gramming modes, and although DA program levels have reached $90
million a year, the Mission staff hag grown only marginally siance
1978. Both USAID and other units of the American Embassy in New
Delhi have some experience 1in management of sclience and techao-
logy-oriented programs. USAID has managed gince 1978 a $2 million
grant project entitled Technologies for the Rural Poor, This
project- involves seven separate applied research sub-projects 1{in
applications of solar technologies, micro hydroelectric generation,
nutritional blindness and malaria research. A senior Indian project
officer 1s occupied full time {in the management of this complex
effort. A project for "Alternative Energy Resources Development, "
signed in fiscal year 1982 and totaling $5 million, 18 yet to get
fully underway. When 1t does, it 18 clear that at least one addi-

tional senior professional will be required on a full-time basis to
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manage its implementation as well. The staff will spend most of
their time preparing and reviewing program documents and operations,
corresponding with co-investigators, arranging meetings with scien-~

tists, facilitating travel and accommodations and reviewing finan-

cial documents.

Irrespective of who implements the research, USAID must ex-
pect for itself a style of involvement that will be staff-iuntensive
on an intermittent basis. The areas of {anvolvement will {include:
definition of research program direction and providing the concep-
tual linkages to a development orientation; developing and testing
new "fast response” methods of procuring personnel amnd supplies to
gupport the program; and guiding the implementing entities who will
actually manage the activities. Although the precise gtructure of
{ndividual activities under the new strategy 1s yet to be defined,
the staff-to-dollar ratio could be quite high, particularly during
the early years of the strategy. The team believes the Mission
should continue to assume that additional U.S. direct—hire staff
related specifically to new R&TD programs will not be available, and
only minimal, 1if any, relief can be expected on FSN direct-hire
levels. The Mission should also assume that staff composition will
not radically change in the next three-to-five years. This means an
even greater workload on an already clearly overloaded staff, aug-
mented with Indian talent under personal services contracts (and

limited by OE constrants).
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This burden can be uinimized to the extent to which some of
these functions are axternalized to outside contractors (e.g., logli-
stices arrangements). Nonetheless, any mnew S&T initiatives will have
to buiid on existing workforce levels and gskill mixes for the most
part, and will have to fit within the current strategic directions
of the Mission's portfolio. This will prevent "R&TD," per se, be-
coming a separate front in the Migsion's portfolio develo ment aund

causing "scatteration” im both strategic focus and staff energies.

The team recommends that a scientific adviser be recruited
from outside the Agency to advise the Migsion Director and seunlor
staff, and to coordinate the overall strategy. This officer would
also be directly respongible for managing the proposed "Innovative
esearch and Special Studies” project. The program and the rela-
tionships with DST and Indian scientists require an experienced,
respected sclentist who understands India and the developmeat pro-—
cesg. We realize this is a tall order and may not be possible; how-
ever, we think rthe JCC recruitment system 1{s the best source of can-
didates. A minimum of omne, and preferably two, Indian FSN scien-
tists should assist this officer. The Advisor and his staff would

serve as secretariat to the Science Panel.

G. Relationship to Other U.S. Government—-Sponsored Science

and Technology Related Activities and Functiouns in India

The team does not euvision a merger of AID-supported

R&TD activities with other sclence and technology activities
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sponsored by the U.S. Governmeant in India. Each program has 1its

separate character that should be maintained.

The frameworks envisaged in this report should, however, lead

to improved coordination on both the Indian and U.S. sides between

the two sets of programs.

As noted in other sections of the report, elements of the STI
(Science and Technology Initiative) might with GOI concurrence be
extended and broadened with USAID support, particularly for more
widespread applied and adaptive research {an various locations of
India. The STI activities in biological nitrogen fixation, nitrogen
efficiency and blomass would appear to have such potential. STI
workshop expenses {n these areas in both India and the U.5. could,
with GOI concurrence, also be supported. Once the proposed
biomedical research project 1is wunderway, elements of STI health

research activities could similarly be supported.

The joint subcommissions could be encouraged to take a more
active part in reviewing the various sectoral elements of the USAID-

supported R&TD stragegy.
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VIII. Project Funding by Sector, FY 1983-FY 1988

The Mission has already initiated research and techno-
logy development projects in alternative energy (FY 1982) and agri-
culture (FY 1983) and is designing projects in biomedical research
(FY 1984) and forestry research and education (FY 1985). The team's
review of various sectoral research and technology development op-
nortunities indicates that the Mission should begin to plan now for
several major project initiatives for the period FY 1986 and be-
yond. For the five-year period, FY 1983-88, 1in agriculture, the
team has recommended $30 million in additional funding for research
carried out by ICAR and 1its 1institutes beyond the $20 million
already planned for the Agricultural Research Project, and $15
million for improvement of research capacity in the égricultural
universities. 1In forestry and enviromment the team has recommended
316 million for FY 1983-88 and $40-60 million over the ten-year FY
1983-93 period. For energy $8 million is recommended for FY 1983-88
and $15-25 million during FY 1983-93. 1In biomedical research, the
team recommended $16 million over the FY 1983-88 period or about $3
nillion a year for the ten-year period. The team also recowumended

limited support for industrial research, and for ilnnovative research

and special studies.

The table below provides the team's estimates of the
amounts which could be obligated for research and technology
development projects during FY 1983-FY 1988, taking into account

constraints {mposed by the existing portfolio and by the

Availability of grant funds and Migsion staff.



Project Funding by Sector, FY 1983 - FY 1988

($ Millions)

Fiscal Year

Sector/Sub-Sector 1983 1984 1985 1986 1987 1988 Total
Agricultural Research 6.5 3.5 5.0 10.0 10.0 15.0 50.0
Agricultural Universities - - - 5.0 5.0 5.0 15.0
Sub-Total; 6.5 3.5 5.0 15.0 15.0 20.0 65.0

Alternative Energy - - - 2.0 3.0 3.0 8.0
Forestry Research - - 5.0 4.0 4.0 3.0 16.0
Sub-Total: - - 5.0 6.0 7.0 6.0 24.0

Biomedical Research - 2.1 6.5 1.2 3.0 3.0 15.8
Industry/Private Sector - ~ - 1.0 2.0 2.0 5.0
Innovative Research and - - 1.0 1.0 1.0 1.0 4.0
special studies @ e
Sub-Total: - 2.1 7.5 3.2 6.0 6.0 24.8

TOTAL: 6.5 5.6 17.5 24.2 28.0 32.0 113.8
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The amounts shown for FY 1983-EY 1985 are based oun the
Missiou'a projections of obligations for the research and technology
cevelopment projects already initiated or being designed. However,
the team recommends that the Migsion also move ahead with the Inno-
vative Raesearch and Speclal Studies project to allow initial funding
in FY 1985. With this addition, the obligation levels increase from
an average of $6 million per year in FY 1983 and FY 1984 to $17.5
million by FY 1985, or slightly above the AID/Washington FY 1985

target of $15 million.

The amounts shown for FY 1986-FY 1988 assume that the Mission
would amend the Agricultural Research Project in FY 1986 and would
provide 1initial funding for an Agricultural University Development
Project in that year. Obligations during FY 1986~FY 1988 would
total $30 million for agricultural research (in addition to the $5
million available from the Phase I project) and $15 million for
agricultural universities, much of which should be provided on a
loan basis. For alternative energy and forestry, the amounts are
pased on likely obligation schedules for a $10 million Phase II
Alternative Energy Resources Development (FY 1986) project and for
“he FY 1985 $16 million Forestry Research, Education and Training

nroject.

In the other areas, the projections assume a Phase II Bio-
medical Support for Health Services project in FY 1987, an FY 1986

start in industrial and private sector research, and the FY 1985
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start noted above for the Innovative Research aund Special Studies
project (to be carried out under the GOI's Department of Science &
Technology). Based on thege projections for the various sectoral
programs, the level of funding for research and technology develop-
ment activities increases to $24.2 million in FY 1986, $28.0 million
fn FY 1987, and $32.0 million in FY 1988. The total for FY 1985-FY

1988 is $101.7 million, or an average of about $25 million per year.

In addition, there are research and technology development
components in several other projects in USAID/India's portfolio.
For example, the FY 1983 Integrated Child Development Services
project includes $1 million for research on the determinants of low
birth weights, and the Family Planning Communications and Marketing
project may be amended to include nearly $1 williom on research
related to the immunology of contraception. There are also research
components under the two state-level social forestry urojects, and
significant amounts of technical and social science research are
being supported under various 1irrigation and water wanagement

pfojects.

We have not attempted to extend the funding projections
beyond FY 1988. However, based on the team recommeudations for the
various sectors, AID should probably plan continued support of
Research and Technology DevelSpment activities at the level of

$25-30 uillion annually through the mid-1990s.
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I1X. Next Steps

There are a series of action steps that flow out of this
report. The following are measures that the team believes should

end can be taken over the next six months.

1. First, the Missiou and Embassy should present a brief
summary document to the GCI. This summary would outline the basic
strategy, its main featurss and {mplemeating mechanisms. Concur-
rence ln principle should be sought from the GOIL focal points that
4111 be critical to effective implementation of the strategy. These
{nclude the Department of Economlc Affairs (DEA) as well as the
Planning Commission and Department of Science and Technology (DST).
The Mission may wish suhesquently to present the summary document to
the key sectoral institutions with which it {interacts, guch as the
Indian Councll of Agricultural Research (ICAR). These steps should

be taken as sootn as possible.

2. The AID/Washington members of ilie team, under the leader-—
ship of the team leader, should preseut the report to the SAA for
S&T and to the AA for Asia as soon as possible. It will probably bLe
desirable to follow this up with a submission of the report (or a

summary) to the Administrator, possibly accompanied by an oral pre-=

sentation and discussion.
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3. In pursuing step 2 avove, the AID/Washingtou team members
should seek approval of the overall report and specific approval of

two critical implementation mechanisms:

(a) creation of a pamel of 3 to 5 eminent American scien-
tists and science administrators to advise the USAID

Mission on its R&TD strategy; and

{b) the initiation of an "Innovative Research and Special

Studies" program.

4. As the AID/Washington reviews are veing undertaken, the
Migsion should simultaneously seek high-level GOI understanding and
concurrence on an expeditious arrangement for the provision of U.S.
gcientific expertise through the bilateral program. It should also
give further consideration to the composition, funding mechanism,

frequency of visits and terms of reference for the Scientist Panel.

5. If the Mission 1s not able to reach agreement with the
GOI on a mutually satisfactory arrangement for the provisioun of U.S.
scientific expertise through the bilateral program, the S&T and Asia
Bureaus should, in collaboratioun with the Mission, devize an appro-
priate AID/Washington funding mechanism or wmechanisms for the
provigion of U.S. expertise to be effective as soon as possible, but

not later than the beginning of FY 1985.
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6. As goon as the Scientist Panel concept is approved in
Washington, and as soon as guidance is received from the HMission on
the Panel's terms of :eference, the Mission and the S&T and Asia
Bureaus will agree on a slate of candidates and proceed to recrult a
panel. This should be completed by January 1984, with the objective

of having the panel make {ts firast vigit in March 1984.

7. Upon approval 1in principle fromw Washington, the Mission
will {nitiate discussions with the GOI to develop a PID and PP for
an "Innovative Research aud Special Studies” project for 1nitial

funding 1in FY 1985,

8. Assuming that AID/Washington approves the overall report,
the Mission will begin recruiting as soon as possible a JCC Scilen-
tific Advisor to the Mission, with the objective of having someone
in place by the beginning of FY 1985 at the latest. Once Identified
auad approved, this persecu could hopefully vigit India as a consul-
tant before his or her JCC appointment {s approved, in order to join
R&TD-related discusgssions, especlally in connection with development
of the "Innovative Research and Special Studies™ prcject. The Asia
end S&T Bureaus will do everything possible to facilitate and expe-

¢ite this critical JCC recruitment.

The Mission will also begin as expeditiously as possible to
vecrult one or two (certalnly two 1if energy 1s to be 1included 1in

their responsibilities) professional FSN staff to Dbackstop the

Sclentific Advisor.
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9. A contraceptive research specialist from the S&T Bureau
Office of Population will be made available before the end of Calen—
dar 1984 to visit the Mission and discuse 1iu depth the possibilities

for AID support of contraceptive research and development in India.



ANNEX A: AGRICULTURE

I. Overall Development Context

For the stability and well being of the nation and 1its
people, India must continue to develop the potential of 1ts agricul-
tural sector. This potential can be achieved only if India main-
tains 1its natural resources that are required for agriculture and
enhances the productivity of these resources.

The {mportance of agriculture to India 1is exemplified by
the fact that agriculture contributes 412 of 1India's GNP. TFood
grains domivate India's agriculture, accounting for 70% of total
crop production and approximately 77% of the cropped land. Forty~
one percent of food grain production in 1980-81 was rice. Wheat
contributed 28%, “coarse grains” (sorghum, millet, maize) contri-
buted 22%, and pulses added 9%. The predominance of food grains is
not likely to change in the forseeable future, nor is the relative
mix of food grains likely to change. 1India 1s deficlent in edible
olls; therefore, expansion in oilseed production is a priority for
Indian agriculture.

Indla's agricultural policies over the past thirty years
have emphasized the growth of productlon and tne attainment of self-
reliance (equity has also been an obiective -~ at times more rhe-
torical than real). The first phase focused on reforms 1ia the
{nstitutional environment and changes In attitudes of farmers. Both
objectives were partially achieved. The second phase of agricul-
tural development {u India began in 1965-66 with the development of
a "new agricultural strategy” with the ohjective to rapidly increase
agricultural production and rural employment through the use of
largely externally derived technology including high-ylelding
varieties (HYVs), fertilizers and pesticides, as well as the expan-
sion of irrigated area, and the provision of adequate {ncentives to
adopt the new technologies and expand production. At the same time
India was waking major efforts to enhance 1its agricultural educa-
tion, research and technology development and transfer capability.
This strategy paid handsomely and has permitted India to become
largely self-gufficient in food grains. India has not had to resort
to massive imports of food grains since the mid-70s (with the excep-
tion of about twy million tons of wheat imported in 1981-82 -- and a
lesser additional amount in 1983 -~ to replenish stocks depleted
during the 1979-80 drought).
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To wmeet 1its current objectives for improvement 1a per
capita food supplies and overall growth in employment and personal
income, the Government of ITndia (GOI) has given priority to agricul-
ture and has established production growth rate goals of 3.9Z7 per
aanum for food grains and 3.5% per yesr growth ia employment in the
agricultural sector. To keep the mowentum and to meet L[uture
challenges, the Seventh Five-Year Plan, beginning in 1986, will
undoubtedly require gimilar ambitious goals for agriculture.

Many analysts lhave concluded that prospects are good that
Indis can reach its ambitious goals of about 5% annual growth 1f the
GOl continues to give high priority to the agricultural sector and
provides the necegsary technical inputs and maintains egricultural
markets that are attractive to farmers. The technical inputs re-
quired include an affordable and reliable supply of HYVs, {rrigation
water, fertilizer, pesticides and {improved soil, water and crop
management techniques.

India's spectacular progress in agricultural production has
been derived from the use of HYVs, and the consequent technology;
«nd also from an increase in the amount of land used for crop pro-
duction. Because most of India's cultivable land is cropped, future
growth {n production will largely come from increased productivity
(increases in production per uunit of input).

There s opportunity for 1increased productivity in most
production areas. With the exception of rice and wheat 1in the
Punjab, crop ylields in India are not on a par with many other areas
of the world with similar soil and climate resources. The
challenges and opportunities in the future appear to lile 1in closing
the gap between predominant yields obtained 1in TIndia and the

biologic potential.

Research and technology development, linked to effective
extension and other forms of technology diffusion and complemented
by sound pricing and marketing policles, must continue to play a
leading role in Indian agricultural development. Carefully selected
research and technology development and {mplementation activities
offer unique opportunities for GOL and AID collaboration to accele-
rate agricultural development.

Subsequent sections of this annex discuss GOI objectives
and policies, major research inmstitutions and programs, current USG-
supported activities, and counstraints to more effective research. A
concluding section recommends the elements of a ten-year program of
gsupport by USAID for research and technology development in India.

Fe
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II. GOI Objectives, Pricrities and Policies for Research and

Technology Develnpment (R&TD)

India has made major progress In agriculture during the
past thirty-five years. In food graln production India has moved
from 56 million tous in 1949, to 108 million tons in 1970-71, to
131.4 million toms in 1978-79, to an estimated 142 million tons in
1982~83. The average rate of increase for the past ren—year period
ig down from the two previvus decades; 1950-51 ro 1960-61 the
average rate of increase was 3.5%, 1960-61 to 1970-71 {it was 2.67%,
and during the period 1970-71 to 1982-83 {t was 2.2%. Although
overall production continues to increase, the trend toward lower
average annual increases is cause for concern and signals a need for
continued attention to the forces that drive agricultural production

in India.

“India has evolved a set of agricultural policies since the
mid-60s which are strongly production oriented."l The GOI's
current strategy for food production and rural employment 1{includes
"efforts to consolidate and spread the agricultural gains of the
'green revolution' with targeted rural development prograns aimed at
raising incomes above the poverty level."2

GOI official policy recognizes that overall agricultural
growth requires expansion of the agricultural infrastructure and
{ncreased 1inputs, especlally {rrigation, HYVs, fertilizer, pesti-
cides and other agricultural technology. Chief among the goals of
the GOI 1s increasing food grain ylelds or closing the "yield gap”
throughout India. It is recognized that to close the yleld gap will
require concinued emphasis on research, technology development and
education on use of the improved technology. The U.S5. agriculture
establishment has major strength in research and technology develop-
ment and transfer. It is logical to conclude that opportunities
exist for mutually beneficial collaboration in agricultural research
and technology developument.

Since 1independence 1t has been GOI policy to support
science-based development for the agricultural sector. The Sixth
Five—-Year Plan (1980-85) continues the emphasis on 1{increasea
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vroductivity and also 1dentiflies gtability and diversification of
production as major goals. It also {identifies goals to conserve
“ndia's natural resources, to generata rural ewployment and enhance
consumption by 1uncreasiug the purchasing power of people.3 The
?lan also emphasizes the oneed to identify the counstraints respon~
31ble for the gap between potential and actual ylelds. Causes of
3low technology transfer continue as major concerns. The Plan calls
Zor regearch efforts directed at conservation of plant, animal, soil
and water resources, evalnetion and stabilization of productian
“rends 1in unirrigoted areas evolving technology to sult margival and
small farmers, {mprovament of animal and fisherle: regources and
development of {ntegreted fammiug systems. The Plan also {ndicates
chat measures for effective transfer of techunology to the field and
nroviding research support to the farming community will receive
special considaration.

In the foregtry sector the Plan also calls for particular
attenticn to be paid to three gets of needs: (2) ecologlical gecu-
rity; (b) fuel, fodder and other domestic needs of the pcpulation;
and (c) the needs of village, small scale and large scale forest-
related industries.

Objectives 1n {rrtgation aimed at optimizing development
and use of water resources will require rescarch on on-farm water
management as well as research on 1irrigation system design and

operation.

Tndla's goals 1{n uneteorology include development of an
integrated weather service for agricultural operation and planning,
application of remote sensing techniques to agricultural meteorology
and extension of the soll moisture observational network. These
gcals have high potentfal to contribute to agriculture and present
many opportanities for research and technology development.

Goals 1in energy development and utilizatien are of wmajor
significance in agrisulture and present many vesearch and technology
development opportunities. The thrust of the research effort for
energy in India will be on "{mproving the efficiency of production,
distribution and utilization of all forms of energy, lmprovemeut of
energy efficiency in processes and equipment, recycling of waste for
augmenting energy gupply and development of new and renewable tech-
nologies."a Development of solar, wiad and biomass sources of
anergy are of particular iunterest for agriculture.

. N
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India's new thrust in environment which is aimed at
environmental quality Improvement and preservation presents many
research opportunities of importance to agriculture becauge plant
and animal production systems are environmentally sensitive systems
whoge requirements must be understood and preserved.

The Plan's goals in education relate directly to the needs of
agriculture. India intends to provide szlective support for "high
caliber but broad-based scientific research and thereby to improve
the aquality of the educational system.'"D The University Grants
Commission (UGC) provides support to universities to support
selected univergity science departments, thereby establishing the
infrastructure for traiming c¢f agricultural scientists. The UGC
working through the Indian Council for Agricultural Research (ICAR)
has developed and continues to support the agricultural research
infrastructure and specific research activities essential for
development of future agricultural scieatiscts and for both the
short- and long-term science-based information ueeds of agriculture,

India's plans in rural development include science and
technology oriented activities related to community infrastructure
essential to meet the needs of agriculture for supplies required for
producticn, labor and access to markets,

It 1s anticirated that the Seventh Five-Year Plan (1985-1990)
will continue most if not all of these areas of emphasis and will
present many opportunities for research and technology development
which would be of mutual interest to the Indian and U.S. science

community.

III. Major Current R&TD Institutions and Programs

India's agricultural production sector is almost entirely
private, being composed of over seventy million farm households.
Individual land holdings are very small, averaging only two hectares
per household. Subsistence farming is the norm. Income is derived
from selling that which is excess to the needs of the farmer and his
family,

Market c<hannels available to the farmers are mostly privace
except for rice, wheat and a few special crops with manufacturing or
export potential. The GOI provides a market channel for rice and
wheat which is of major importance to farmers in the Punjab where
these two commodities are normally surplus to local needs.

Producticn ioputs such as unimproved seed, fertilizers and
pesticides are normally provided for fermers through private sector
channels. Seed of high-yielding varieties (HY"s) is usually made
available to farmers through state seed corporations.
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Research, technology development and extension education are
& public responsibility. India's agricultural research and
technology development system is a large and complex one. It hag
changed greatly during che past thirty-five years. The earliest
instizutions were Ffounded during the 1880's and 1890's. ©Prior to
irdependence, rescarch activities focused mainly on commercial crops
such as sugarcane, cotton, coffee, tez and jute. Organizationally,
the Ministry of Feod and Agriculture included various central
research institutes and central comrodity committeez on such crops
a8 sugarcane, tcbacco, oilseeds, jute and coconut. These institutes
and committees had little central supervision and the emphasis was
on coumercialization. In addition, several states operated small
research stations during the pre-Independence period,

Since Independence, the GOI has been very conscious of the
need to develop an effective agricultural research and technology
development system. Successive changes have resultea from the many
studies and reports that have besn prepared. Most of the changes
were recommended by high level committees which reported in 1955,
1959, 1962 and 1963. The reorganizations resulted in two ;A jor
actions: (1) The Indian Council of Agricultural Research (ICAR) was
revamped 1in 1964 bringing under its aegis the various research
institutions operated by the comnodity committees and gll of the
central research institutes; (2) additional agricultural
universities have been established zpd all have been strengthened
and given responsibility for teaching and major seguents of regearch
including participation in the ALl India Coordincted Research
Schemes. These universities also have respongibility for assisting
the state agricultural extension programs by providing information
and participating in exteusion activities.

Currently the agricultural education, research and technology
transfer functions in India are carried out by a network of
agricultural universities with responsibility for teaching, research
and extension education u:der the overall s&uthority of the State
Government in which each is located; the Forest Kesearch Institute
at Dehra Dun, National Research Centers, Agriculture Research
Institutes, and All India Coordinsted Agricultural Research
Projects. The latter three are under the authority of ICAR.

ICAR & has overall coordinating responsibility, serves both

as the principal funding source and carries out most of the program
planning, supervision and evaluation activities related to
agricultural research and technology development. The Minister for
Agriculture and Irrigation in the GOI is the Fresident of ICAR. The
Minister of State in the Ministry is the Vice President of ICAR.,
The Director General of ICAR is the principal executive officer of
the Council. He 1s currently Secretary to the Department of
Agricultural Research and Education of GOI. He slso functions as
the principal advisor ¢o the GOI on ail netters connected with
dgriculture, animal husbandry and fisheries research and education.

2
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Support for the Director General of ICAR, on the technical side, is
provided by four Deputy Directors General for (a) Crop Sciences, (b)
Soils, Agronomy and Agriculturzl Engineering, (c) Agricultural
Education and (d) Animal Sciences. 7The Deputy Director Generals are
assisted by other technical officers. On the administrative side,
the Director General 1is assisted by the Directors cof Finance,
Personnel and other appropriate support,

The ICAR is responsible for the coordination and promotion of
higher education for agriculture in India. To accomplish 1its
objectives IC4R provides assistance to agricultural universities (1)
for their development programs; (2) improvement of salaries; and (3)
scholarships, fellowships and teacher training programs. This
central coordinating point for agricultural research and education
provides an effective mwmeans to identify priority needs and
opportunities anu channel resources to meet the needs. It also
provides a means to 1insure efficient use of funds and technieal
manpeower and to ensure quality of output. ICAR provides an almost
1deal channel through which AID can impact upon India's agricul ‘ural
research system and thereby rfacilitate development.

India supports agricultural research efforts through a number
of organizational and programmatic efforts. The present system of
twenty~three agricultural universities in seventeen states has been
developed over the last twenty years to provide scientific education
to meet rhe nee2ds of the nation. ICAR provides 40-80% of the
support for agricuictural research at these universities and the
balance is provided by the respective state governments.

The ICAR provides management and 100% of the financial
support to two National Agricultural Research Centers, thirty-five
agricultural research institutes and seventy-twoe All India
Coordinated Research Projects which have been established to easure
in-depth research on a wide range of ccmmodities and scientific
problem areas. These institutes are for specific scientific
research and are located throughout India. This network of
institutes enables the probleus of agriculture to be viewed
comprehensgively.

The All 1India Coordinated Research Projects encompass
research schemes on commodities and on problems of wide-spread
interest. These projects operate through ICAR ins.itutes as well as
through agricultural universities and, therefore, provide a link
between Center and State level institutions. The ICAR institutes
and agricultural universities undertake research on fundamental and
applied aspects of production, preservation and wutilization of
agricultural products, whereas the coordinated projects conduct
applied research on specific commodities or problem sitvations. The
coordinaved projects complement the work of the universities and
ICAR inmstitutes. The basic format for these coordinated projects
includes a project coordinator and severai subprojects which are
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geographically dispersed and located bdoth at ICAR iostitutes and
agricultural universities. For 2xample, the All India Coordinated
Dry Land Agriculture project has its coordinator at Hyderabad with
specific research at eighteen other locaticns.

Major advances have been achieved through this coordinated
research approach.7 Most notable is new genatic material for
several crops which have guperior yield and/or disease resistance
qualities and better adaptation for specific ecological zones.

The ICAR has joined with sister organizatioas in India to
create a Narional Biotechnology Research Cemtar. Thig center will '
be the future location of mzjor efforts in basic research aimed at
biological nitrogen fixation, photezynthesis enhancement and genetic
engineering of improved wnlents. Future plans for jeint research
undertakings in this area between India and the U.S. would seem to
be worth preserving., ICAR also conducts operatioual resesrch
projects in specific areas of the country to gzim Lnsights into the
soclio-economic constraints affecting adoption of research results.

In general, the quality of the scientific staff at the
institutes and universities 1is high and the 1level of financial
support reasonably adequate. Fgquipment is needed in many locations
and funds for travel and professional development are less than
desired by the scientists. However, the conciusion is that Indis ia
supporting its objectives to meet food needs by continuing to
provide for agricultural RiTD.

1v. Current USG-Supported R&TD Efforts in the Sector

Agricultural research initiatives involving Indian and U.S.
resources consist of the USAID Agriculturai Research Project
(Project No. 386-0470), PL 480 projects administerad by the Far East
Regional Research Office (FERRO) of USDA and the activities
currently being planned under the Science and Technoiogy Initiative
(STI) stemming from the 1982 meeting of Prime Minister Gandhi and
President Reagan. The Science Attache's Office in the Embasay also
®zanages competitive research grants oc Indian agricultural and
related topics funded by such U.S. organizations as the Smithsoniasn
Institute and the National of Science Foundation. The irrigation and
forestry programs currently sponsored by the Mission coatain
research elements closely related to or involving agriculcurd.
Although a certain degree of compatability exists with resyect te
some of the topics being addressed, funding mechsnisms and
institutioas involved are not the game. Consideration musgt be given
to the manner in which funding and administrecive responsibility ere
handled as efforts move forward to unify the USG's R&TD efforts in
India,

N\
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The USAID Agricultural Research Project has been designed
based on priority topics identified by the Indo-U.S. Agricultural
Subcommission. The project, which has been agreed to by the GOI aad
will be executed by ICAR, provides a $20 million grant to ICAR for
specific subproject activities. Thus far three subprojects have
been designed: soybean processing, post-harveet technologies for
fruits and vegetables and groundnut research. Implementation of the
groundnut project has been deferred for approximately one year. The
three subprojects approved to date account for $10.5 million of the
total $20 million grant.

It 1is anticipated that additiomal subprojects will be
identified and designed to utilize the remaining fuads within a
relatively shert period and that additional funds would then become
available. Subprcject topics appearing in the project paper
include biological naitrogen fixation, energy wmanagement for
agriculture, agroforestry research and on-farm water management.
Other areas identified by the Indo-U.S. Subcommission which could be
included as subprojects would likely be: livestock breeding, pest
management, managemen: of agriculcural research and education and
biotechnology. It is estimated that within the currently funded $20
million project cthree more subprojects can be initiated. The
specific topicas chosen will be by agreement between ICAR and USAID.

The STI (Science and Technology Initiative, or Senior
Scientific Panel) for agriculture includes three topics: biological
nitrogen fixaticn, nitrogen fertilizer efficiency and biomass (fuel-
wocd) produvction. These three areas are of high priority for India
and are compatible with possible future subprojects under the
agricultural research project.

The current PL-480 program in agricultural research being
carried out by the USDA (Far Eastern Regional Rezsearch Office -~
FERRO) wutilizes rupees equivalent approximately to $2 willicn
annually. Currently fifty (50) specific research activities in
India are supported by this mechanism including projects in plant
production and protection, animal production and protection,
agricultural product processing and utilization, land and water
management, agroforestry and agricultural economics. The specific
topics are chosen based on potential interest of U.S. domestic
agriculture in the research results. Complementarity between the
PL-480 program elements and the USAID program or the STI program is
accidental. It is reasonable to believe, however, that the program
elements could be harmonized and complement each other. For
example, under the land and water management category, nitrogen
fertilizer efficiency for lowland rice is an element in the PL~480
and ip the STI programs. If agreeable to the ICAKR, this tecpic could
be included as a subproject for the Agriculiture Research Project.

O
\
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USAID'e irrigation activities are many and varied. Currently
$210 million is comwmitted and anether $100 rilliem wil)l soon be
aliocated to support irrigationm. Although alwost all irrigation
projects have elements of R&TD activities in them and all irrigation
ia of importance to agriculture, four irrigation projects merit
discussion because of their direct effest om agrisclture. They are:
(1) Irrigation Management and Training, (2) Meharashtra Irrigation
Technology and Management, (3) Rajasthan MHadiwm Irrigatiom, and (4)
Madhya Pradesh Minor Irrigation.

The overall Irrigation Management axd Training Project is a
large ($10 million loan, $41 million grant) savem-year project with
the overall goal of increasing irrigatad agrievlsural production
through improved delivery of water o desired lecations (farmers'
fields) and more efficient use of water delivered. About 50% of
this project, or $25.5 million ($4.2 milliom per year), will be
development-research oriented. The project addresses the full range
of concerns, from the use and maregxmeat of irrigation water by
farmers for crops, to river basin plavaing fuwr multiple use. This
project includes "action researeh" studies aimed at finding
solutions to principal problems of irrigation systenms including
system design, farming systems, system operation, and institutional
arrangements. This project alsc includes special studies on topics
such as development of improved farm management methodolegies for
more effective use of water delivered, behavioral analysis of
farmers, improved information systems and others of special interest
to agriculrure.

Each of the state-specific prcjects, mentioned above, is
designed to strengthen institutions and develop humam reecurces for
improving India's capacity to design, implement and operats more
efficient irrigation systems. Each contains wmajor elements of
special studies aimed at improving coordimation of agriculture and
irrigation in regard to water supply and us2 oa farms.

It is estimated that the research component of each
irrigation project is as follows:

(a) Maharashtra: 152 ($1.2 million per year),
(b) Rajasthan: 5% ($0.3 willion per year) and
(¢) Madhya Pradesh: 15% ($1.2 milliom per year).

it is absolutely essentiul to increase the end use of on-farm
8oil and water management research results if the investments
currently being made in irrigation are to be good investmants.

The Science and Technology Bureau, thyough S&T/AGR, has a
portfolio of project activities through whick technical assistance
is provided tc the USAID's agricultural program. Excluding ICRISAT,

A\
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for which AID provides 257 of the core budget support, S&T/AGR pro-
vided techuical assistance estimated at $1.1 million for India in FY
1983, 52% of which was in support of {rrigation. S&T/AGR projects
included in thig total are: Fertilizer Develoupment, Water Resource
Economics, Improved Soybean Varleties, Nitrogen “ixatica, Soil Man-
agement  Support Services, Sorghum/Miller CRSP, Storage and
Processing of Fruite and Vegetables, Fighery Development,
International Bench- wark Soils, Tissue Culture, and Water

Management Synthesis.

Forestry activities supported by the USAID are currently
confined to two major projects: (1) Madhya Pradesh Social Torestry
($24 williou loan and $1 million grant) and (2) Maharashtra Social
Forestry ($25 million losn and $5 willion grant). A PID for $16
willion for a proposed Forestry Research, Training and Exteansion
Project 1is being developed 1in conjunction with the $50 wmillion
project proposed by the World Bank. In addltion, there are 24 other
interventions {nvolving the USG to a lesser extent 1in forestry
research and training in India. These include activities by the S&T
Bureau, STI and the National Science Foundation. It 1is imperative
that these separate forestry Iaterventions be coordinated and
directed to objectives agreed to by GOI. The present fragmented
program leads to confusion and wasting of esgources.

The current and future USAID-supported R&TD program 1{n
India will be compatible both with GOI priorities and with the pri-
ority research concerns AID has identified for Asia. Thez priority
of sustaind, high productivity 1in relatively €favorable natural
resource areas, particularly {in {irrigated agriculture with emphasis
on [rrigation wanagement will continue to be addressed as a new part
of the {irrigation program of the Migsion. When a new subproject
under the overall Agricultural Research Project concerning on-fam
lrrigation water management 1s {nitiated, this pricrity area will be
adequately addressed.

The priority of sustained production in less favorable
natural resource areas 1is being addressed by the All India Dry
Farming Project. It 1s anticipated that this topie will be
addressed by the Miselon's program through a unew subproject on dry
land agricultural management.

The priority related to food and agriculture policy, 1in-
cluding nutrition, food self-reliance, food security and equitable
growth, 1s belng addressed by India's current program of research
and all work contemplated under the new agricultural rvresearch proj-
ect will {mpact on these concerus.

The fourth priority of crop and animal protectiorn (pre- and
post—harvest) by most cost-effective and environmentally acceptable
means 1{s addressed by the new egricultural research subprojects on
soybean proceseing and utilization and the subproject on post-
harvest technology of fruits and vegetables.

\\
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Cther priority resezrch arees identified by the Asia wureaa
include: (1) development of minlmvm purchased inputs systems, (2)
livestock in mixed farming systems and (3) development of institu-
tional capability to generate suitable technologies and get thenm
applied. The USAID's current agricultural R&TD program does not
contribute directly to these priorities; however, there will be
ample opportunities to design subprojects in the future that address
thege 1ssues, 1f found appropriate to Indian conditions and priori-
ties. Both the Mission and the GOI are interested in strengthening
{nstitutional capability, particularly in agricultural universities,
through collaborative research and professional laterchange. It is
ant.icipated that futura projects developed by the USAID {n India
will continue to emphasize enhancement of instituti{onal capability
in R&TD.

The presance of ICRISAT (the International Crops Resgearch
Institute for the Semi-Arid Tropics) in India presents both oppor-
tunities and problems. Since AID is supporting twenty-five percent
of the core program at ICRISAT 1t behooves AID to ensure that
TCRISTAT's work 1s supportive of Indian development needs. It might
also be noted that over two-thirds of the technical staff at ICRISAT
are Indlan citizens, 1ncluding the Deputy Dirsctor General for

Researzh.

ICRISAT 1s working on crops of special signlficance tc
india: sorghum, millet, grounduuts and edible legumes. The breed-
ing material and new varieties produced by ICRISAT are readily
available and are moving qufckly to Indian farmers through 1CAR and
the state extension programs. Research being conducted at ICRISAT
in farming systems 1s less readily taken up by the extension system
and the farwers for saveral reasons. The principal one appears to
be the cost incurred by the famer 1a makiang the transition from
traditional methods of tillage, water managewent and cropping to the
new lmproved system. There 13 a teudency for the All-Indis Coordi-
nated Agricultural Research Project personnel &o view the ICRISAT
farming system for the vertiscls (black soils) as uwerely a water
harvesting technique inastead of a farming system. Until the concept
is sold as a farming system that will earn the farmer more income
and the credit system available to the farmer permits him to make
the shift, adoption of the {mproved farming system will countinue to

lag.

The Director of ICAR 1s a member of the Board of ICRISAT

and is in a position to influence 1its program. It 1is recomreended
that the USAID work with both ICAR and ICRISAT to increase the

dialogue between TCAR and ICRISAT.
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V. Constraiants to More Effective R&TD {n the Sector

Given the desire of both the USG and GOI to effect develop—-
ment through R&TD and given the fact that both countries have manv
highly trained aud competent agricuitural scientists, it 1s reasou-
able to conclude that the most effective mode for accomplishing the
overall objective 1s through a collaborative approach. The desired
collaboration would have oxganizations and scientists from both
countries with mutual {interests working toward common objectives.
Such collaboration could take many forms and be played out at a
variety of levels. For example, thare could be university-
to-university collahoration on toplcs of {nstliution-wide concern.
There could be collaboration betwecen institutes or departments with
common subjzct matter ccacerns and flnally there could be research
collaboration of the type initiated by ST1 where one or more Indian
gcientists working on specific problems collaborate with one or wmore
U.S. sclentists who are al.o working oan gimilar problems, e.g.,
biotogical nitrogen fixacion by rhizobiua.

A. Policies and Frocedures

Constraints to effective use of R&TD for developmeat
exist on both sides. The 1inabllity of the USG to provide dollar
costs for collaborative R&TD through mechanisams other than grants to
GOI will contiaue to hamper development of effective programs. On
the Indian side, the GOI's unwillingness to =sxpend grant funds. for
dollar costs fcr technical support will continue to be a deterrent.
Streamlining the process whereby the USAID can provide assistance,
perhaps through "buy-{ns” to ceatral S5&T prcjects, for technical
support would be of considerable advantage to development of R&TD
for agriculture in India. Ia order to provide such asglistance, the
funds may have to be channeled through a Washington account rather
than the India bilateral country program, so as noft to show up ia
the GCI budget.

The absence of effective mechaulsms for supporting colla-
borative research and scientific interchange, including professional
development, within existing AID procedures coanstitutes a major
deterrent.

B. TIastitutional Capacity

Although $20 million has been provided for support of
agricultural research, India has the 1institutional capacity to
effectively use much more. As stated earlier funds available will
permit development of approximately three more subprojects. These
funds are 1likely to be committed within a year. The Joinu
Commission, STI and the current team have identified thirteen
addit{onal areas (mentioned earlier; also see followiug Section
VI). A conservative estimate of funds needed to suppert these

N
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potential initiatives would be appreximately $40 milliem. If India
and the U.S. should undertake a wmajor effort to atrengthen the
tweaty-three agricultural universities through support for research
and techrology development, an additional $20 to 25 million could be
used effectively.

Funds for salaries and eesily obtainable supplies and
equipment are reasonably adequate in most agricultural universities

and research institutes; however, there is need for foreign curreunsey

for purchase of certain specialized equipment and for travel for
professional development. These needs could largely be met if the
funds indicated above are provided and if the dollar funding preblem
is golved.

The current mode of operating USAID projects requires a
project manager for each major project. Hiring restrictions within
AID will preclude hiring the staff required .o amrry out an axpanded
RATD program in agriculture in India. This personnel constraiat
must be overcome or a different mode of operation that requires
fewer technical people must be developed and implemented.

C. Donor Involvement

Because India is so large and has 8o many well-developed
agricultural research institutions, multi-donor involvement is not a
major constraint to development of meaningful Indo-U.S.
collaborative efforts in agriculture. It is, however, a major job
for the USAID staff to keep current on other dounor involvement ard

thereby take advantage of mutually suppertive activities whide

avoiding conflict and overlap.

Major donors in the agricultural field include the World
Bank which is supporting work in numerous areas, i.e., watershed
development, forest resource development and training, irrigation
and agricultural research. The Ford Foundation's program relatea to

socio~economic issues that affect agricultural and rursal .

development. Specific emphasis is being given forestry, energy and
water development. UNDP, operating through FAO, is providing
technical support in the form of expert consultants to many projects
including irrigation, forestry and numerous areas related to
agricultural production and natural resource managsment.,

VI. Sector Elements of a Ten~Year R&TD Program

The role of agriculture in the overall development of India
is paramount and the important role of R&TD utilization im
agriculture is unquestionable. Science and technelogy must continue
to impact heavily on agriculture in India if India ia to meet the
food requirements of the future. It can be concluded, therefere,
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that India will continue to emphasize science and technology for
agriculture and that collaboration and interaction between Indian
and U.S. scientists should be fostered. Therefore, the AID program
in India over the next ten-year period must include a major
agriculture R&TD element.

Since agriculture does not operat? in a vacuum, it must be
considered as one 1mportant eclement 1in the spectrum of science
generators and users. Science concerns in energy, irrigation,
forestry, animal aand human healcth, watershed management,
eavironmental management, industrial development and basic sciences
impact heavily on agricultural development. For this reason, it is
recommended that an overall R&TD initiative be developed withia the
USAID. Such an initiative should provide for oversight over the
science-based portfolio of the Mission. It could take the form of a
high level board of advisors for the Mission made up of both Indian
and U.S. scientists or just U.S. scientiats. It is also suggested
taat this board include respected scientists in agriculture as well
as in other fields such as energy, health, etc. The Secretariat of
this Board of Scientific Advisors could be a Scientific Advisor on
the Mission staff (a positicn that 1s essential for the future
science-based program of the Mission in India),

It is recommended that the Mission identify a portion of its
annual budget for support of science-based activities and that the
Board of Scientific Advisors give advice as to allocation of these
funds to the various sub-gectors such as agriculture, health,
eiergy, etc.

These programs should be designed to facilitate institutional
concerns and specific areas for scientific collaboration.
Institutional concerns relate to facilitating collaboration and to
strengthening institutional capacity and quality. Indo-U.S.
collaboration in this area should facilitate those activities that
will build and maintain quality or research, teaching, and public
service capability of the university or institutes involved.

Identification of problems and gelection of areas for
specific collaboration in research is difficult because the spectrum
is so broad and the needs are so great. Emphasis must be placed on
those areas of high importance to India's future food needs, keeping
quality of the acientific effert in mind at all times.

Since India's agricultural universities and ICAR institutes
are mature and staffed, for the most part, with capable scientists,
selected areas for future efforts should build on strength in science
where a collaborative effort will have a high probability of making
significant progress in  solving constraints to production and
utilization of agricultural products.

QB“
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The curreat modes for sclentific f{anterasction are geveral.
These may be sustaiuned, terminated, or others developed. The hall-
mark for future research collaboration ahould be facilitatiou of
interchange of acieatists and sclentific informaticon.

Decisions concerning use of fuands allocated tc each sub~
gsector could be wade by the USAID based on advice by a Technical
Advisory Committee (TAC). The GSecretariat for this Technical
Advisory Committee could be the Chief Technical Officer in the USAID
for the sector, i.e., the Chief of Agriculture and Rural Development
for the Agriculture TAC. It 1is net 1impeasible to conceive of an
arrangemeunt whereby the Joint Subceumisasion for Agriculture would
serve as the TAC for agriculture. One advantage of this might be to
harmonize the PL 480 activitiee with the USAID activities.

Regardless of the superstructure adopted it is visualized
that the pattern of R&TD activity in agricuiture ia Iudia supported
by AID will largely be implemented through a mode established by the
existing Agricultural Research Prcject. Opportunities for raesearch
in agriculture that will be mutually bereficial to India and the
U.S. are numerous and 1t 1s anticipated that wany of these colla-
borative research efforts will be launched during the next ten
vears. The need 1s great and the absorptive capacity 1is sufficlent,
gilven au adequate programming mechanism, to accommodate research
activities during the next five years requiring at least $30 million
in addition to the $20 million already allocated. 1In addition there
1s a great opportunity toc strengthen the Indian agricultural univer-
sities and at the same time enrich the U.S. universities by develop-
ment- of a joint program to increase the capabilities of Indian agri-
cultural universities. It {s estimated that $15 million at a mini-
mun could be effectively used for this purpose duvring the next five
years. More specific recommendations concerning universities will

be glven later.

Specific agricultural subject catter arezs that appeared to
merit increased R&TD effort and to present potential opportunities
for Indo-U.S. scilentific collaboration during the period 1983-1988
are:

1. Integrated plant nutrient management systems, to maxi~-
mize efficlency and adequacy.

2. Management systems for lowland rice productiom, in-
cluding fertilizer efficiency and varietal {mprovement.

3. Biological nitrogen fixation.

4. Agroforestry research and development of silvi~food
crop and silvi-pastoral systems for food, fodder and
fuel.

3. Energy research 1{n agriculture, councentrating on
alternative energy sources such as soiar and wiad.
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6. On-farm water management, inciuding drainage and use
of irtigation water.

7. Soil-water—crop management systems for rainfed agri-
culture.

8. Animal breeding, 1including ova transplant and other
techniques to accelerate animal improvement.

9. Bio-technology, including cell and tissue culture aund
other technlques.

10. Disease and pest control for pulse and oilseed crops.
11. Weed control for hoth dry farming and irrigated area.

12. Socio-economic studies in areas such as 1irrigation,
farm—forestry and farming systems.

13. Small watershed management.

These areas are not presented in priority order and should
be viewed as recommendations for subsequent G0l and USG discussion
and review. If a decision is made to initiate and foster collabora-
tive research efforts in these areas during the next five-to—ten
years, the progress of Indian agriculture should be enhanced as each
has been identified as a major constraint. While it is beyoud the
scope of this paper to justify ea~rh recommended area, one which does
merit speclal attention is on-farm water management (item 6). Given
the rapid growtin of irrigation in India, it can be predicted in the
years ahead that many new g0il and crop management problems related
to management of 1irrigated areas will loom as very import~ont.
Examples are water logging and saliaity control. Plans should be
nade to initiate research in these important toplics in many places
{n India before the problems become unmanageable.

Assuming that the high priority areas identified above will
be addressed in the period 1983-1988, the pericd 1988-1993 will
require continuation of most of them to pursue second and third
generation problems. This will be necessary because much of the
research s agro—ecologiral zone-specific, and the biological system
is so dynamic that new challenges are present constantly, 1.e.,
plant breeding for resistance to diseases and insects 1is never done.

In additlon to these areas rzquiring continued regearch 1n
the secound five-year period, it is recommended that collaborative
rasearch be undertaken ia such fundamental areas as:

1. Plant biochemistry and breeding to insure quality.

2. Photosynthetic enhancement.
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3. Genetic engineering of plants, animals and products
for support of agriculture.

4, Overcoming effects of salinity by both bilological and
physical-chemical means.

5. New uses for plant and animal products.
6. Chemistry and physics of soll-plant-water systems.

7. Agricultural meteorclogy znd related fields. Support
for agriculture-related elements of a possible monsoon
research center that hes been flcated recently might
be a possibility.

These {nvestigations need not be massive undertakings, but
they must involve the wost capable scientists in both India and the
U.S. and they must be permitted to {interact freely and frequently.

India's agricultural wunivecrsities were developed with
agssistance from U.S. land grant universities and wost are organiza-
tionally and functionally similar to land grant universities. Thie
teaching-research-public service wodel should be perpetuated and
strengthened 1in India's agricultural universities and at the same
time specific programs in specific universities chould be strength-

ened.

It 1s recommended that AID launch a major program almed at
strengthening the teaching-research and public service capacity of
selected agricultural universities. Such a program might be funded
for the next five years with provision for extended support 1if
evaluation shows continuing needs and that the existing program has
accomplished its objectives. Decisions on use of the funds should
be ade by USAID and ICAR based on an analysis of the needs of each
university. Types of activities that might be included in this pro-
gram are post-doctoral fellowshipa, support for research to be con-
ducted by Iudian scientists in a U.S. university laboratory, short-
term educational visits to U.S. universities by Indian university
administrators, purci.ase of equipment for research and other types
of activities found to bhe needed to stremgthen the agricultural uni-

vergitlies.

Activities such as those described in the previous para-
graph should be included as normal parts of collaborative research
activities carried out by iInstitute scientists as well as by univer-

sity sclentists.
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The STI 1in agriculture includes activities in BNF (Biolo-
gical Nitrogen Fixation), fertilizer efficfency and fuelwood produc-
tion. Since each of these areas has been agreed to by GOI and USG
as areas of mutual 1interest, and since these areas are compatible
with priority areas for reseavch identified earlier, it 1s recom—
mended that the STI activity atand alone for two years (the STI
agreement period). At the end of that period, activities could,
where warranted, be assumed by aun appropriate on-going subproject
under the Agricultural Research Project, or the planned Forestry
Research, Education and Training Project. This will require early
action by USAID toc have in place research activities in each of the
areas currently inciuded in 5TT.

Program waunagement and funding concerns 1ian rthe USAID are
great. To launch and supervise all the acrivities i{dentified as
needing effort using ~ha current project mwanagement mode would
require more staff than the USAID can expect tO acquire. A mode of
operaticu that requires less technical supervision by USAID staff
must be found and implemented. Glven the stage of maturity of the
ICAR. and its institutes and universities, it is recommended that the
USAID make grants to ICAR for work in specified fields that fnclude
collaboration or {nteraction wich U.S. scientists working Ip the
game fileld and a periodic peer review wechanism fnvolving both
Indian and U.S. scleuntists.

Because funds granted te the ICAR cannot be readily used to
effect scientific collaboration by U.S. scientists in India, it is
essential to find improved methods for paving costs incurred in pro-
viding technical assistance ot collaboration by Americans in
India.? The Agency must address and solve this problem soon if
research interaction with India is to expand. If a Washington-based
approach 1s adopted (see discusgsion in Chapter VII-B), the procedure
of “buy-in" 1into S&T/AGR (and other S&T Bureau offices) projects
might be used. S&T/AGR could then supply the technical or colla-—
borative assistance required "{p-kind." S&T/AGR already has or
could develop projects in all areas suggested for future collabora-
tion. This procedure has the added advantage of 1increasieg the
collaborative research affort by the amount of S&T/AGR support that
{s added to the project above the buy-in level. This could be sub-
gtantial in major projects. Other possible mechanisms exist but it
1s beyond the scope of thls annex to suggest all of them. However,
it 1s {mportant to emphasize that this problem must be solved.

,{()
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Increaced involvement ¢f the private seztor in India will
develop slowly. The private sector 1s currently supplying ferti-
1izer, seed, pesticides, fuel and machivery. As India's agriculture
becomes more sclence-based and as farmers' incomes iucreame, oppor-
tunities for the private sector to previde iuputs will increase.
However, duriug the next ten years thera do net appesr to bhe oppor-
tunities for great involvement of the private secter in agricultural
R&TD beyond that which develops spontaneougly.

In summary, it i{s recommended that a major couwponeunt of the

USAID'e agricultural program in India be R&TD orientad. "RETD iz~

the engine that drives development in agriculture.” The program
should be an integral part of the USAID's overall R&TD program. It
should not stand alone. It should be csarried out through TCAR and
{involve the rvesearch {unstitutes, the All India Coordinatad projects
and the agricultural universities in collaboretive research efforte
with U.S. 1institutions and scientists. It should have elements
which support research schemes, rtesearch 1{nstitutes and univer-
sities. The program must be “development-problem driven,” concen-
trating on high priority areas of wmutual interest that are predicted
to remove obstacles toc development and to areas of science predicted
to make breakghroughs in a reasonable period of time. These activi-
ties should be conducted in such a way that will facilitate inter-
action between Indian and U.S. scientists. In order to effect this
program, AID must wmodify procedures to remove administrative and

fiscal harriers.

\"]/\
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l see John R. Westley and M. C. - Gupta. '"Agricultural Growth in
India: Policies, Performance, Impact," USAILD/India, May 1982.

2 See Project Paper No. 386-0470, ‘"Agricultural Research,"
USAID/India, June 1983.

3 sixth Five-Year Plan for India.

4 Ibid.

3 Ibid.

& For a wmore complete description of ICAR and its functions, see
Annex B to Project Paper No. 386-0476, "Agricultural Research,"
USAID/India, Juue 1983.

7 Annual Reporc of ICAR, 1982-~83.

8 gee Chapter VII of the main report for further discussion. The
main report favors a Science Panel for the Mission that, at least tc
begin with, would be composed ouly of U.S. scientists. The main
report recommends the Panel periodically review the performance of

the various research projects,

I See Chapter VII ot the main report for further discussion.



ANNEX B: Forestry and Environment

I. Overall Developuent Countext

Pressures on India's natural resource base are intensifying
as the population moves towards the omne billion wmark and as
agricultural aud industrial development demauds larger volumes of
land and raw materiala. The result 13 a rapid deterioration of
India's forest, soil, and water resources. A recent report by the
Center for Sclence and Eaviromment on The State of India's
Environument 1982 provides an overview of these trends aad calls for
urgent government action on a wide number of froncs.l

Of central conceru is the process of deforestation and laund
degradation that threatens gains in agricultural production and
poses a major futur= constraint to achieving the projected minimun
requirement of 225 willion tons of food production by 2000.2
ESCAP figures suggest an annual deforestation rate of 250,000
hectares, although some estimates go as high as cne million hectares
out of a total estimated accessible and productive forest area of 30
million hectares.s It is generally agreed that although
approximately 23% of India's total land aree of 328 milliom hectares
i8 classified as forest, only about 10% has adequate forest cover.

Deforestation is a ceutral contributor to the larger precess
of 1land deterioration that has reachad tremendows proportiouns.
Destruction of forests in the upper Himalaysn watershed areas is
particularly critical for the downstream Ganges basin.4 The GOI
Ministry of Agriculture estimates that 175 million hectares of
agricultural and non-agricultural lande are suffering degradation
from various causes: gerious water aund wind erosien (85.75%);
waterlogging (3.4%); saline soils (2.6%): shifting cultivation
(1.7%); alkaline soils (1.4%); dairy land (1.47); and wasteland fit
for reclamation (3.8%) (see Appendix A). In fact, the Chairman of
the National Environmental Planning Commission considers ounly 61
million hectares as reasonabiy good forest, pasture and agricultural
land.> (see Appendix A).
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Dr. M. S. Swaminathan and others have long warned of the

~ nutrient drain from ecoil erosion and the diversion of organic

residues and dung tc emergy uses. The fuelwood crisis im lndia will
resulc 1in further pressures on these resources in the future as
discussed in the section on energy.6 Despite the economic costs
of this so0il degradation (damage from €loods in 1978 alcne i
estimated at almost 11 billion rupees 7), the Sixth Five-Year Plan
allocates only 5 billion rupees for forestry programs and 400
uillion rupees for eavirormental programs. A tree planting target
of 2,144,000 hectares is set for the Plan period (1930-85) with 70%
of that being in "social forestry" programs of the individual
etates. This level is over twice the estimated plentings under tne
Fifth Plan.8

A tree planting 1is also underway by the Departmeat of
Environment in critical watershed and catchment areas using army
officers. Recently, the GGI has moved to establish 12 bioaphere
reserves, in addition to the current 44 national parks, 207 anatural
sanctuaries and 166 forest reserves, to protect India's environwent
aud preserve its biological diversity (see Appendix 2).9

II. GOI Objectives, Priorities and Policies in R&TD

The GOI is currently in the process of formulating national
research programs in the forestry aud environmental areas, A Task
Force chaired by the Secretary of Environment has prepared a report
for the Cabinet Committee on Science and Technology with
recormendations on organization and programs in the forestry
research sector. A World Bank/USAID/ODA Sector Team has recently
endorsed the recommendation of the Task Force on a substantial new
program to strengtheo forestry research, education and training in
India. The following five broad areas are suggested [or research:
(1) fuelwood hiomass research, (2) fodder trees, (3) watershed laad
u8e management, (4) forest product utilization, (5) wood-based
energy technologies.:V Topics within these areas avre contained in
Appendix C. Baged on Prime Minister Gandhi's speech at the recent
World Energy Conference in New Delhi, a top research priority will
be "the application of pew biological advances on biomass production
(e.g., tissue culture, protuplast fusior, genatic engineering,
nitrogen f{ixatiom, improved photosynthesis, etc.), particularly on
lands not suiteble for sgriculture.”

The Departmeut of Environment has prepared a profile for its
overall program that calls for research on topica that will enable
the development of programs and environmental legislation relsted tc
biosphere reserves, protection of grazing lands, protection of
weclands and ganctuaries, prevention of overfishing ia coastal
waters, protection of catchment areas, and protection of endangered
species. The Department has an Environmental Research Committee
-nat advises ou researcn programs.

A
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11T. Major Current P&TD Institutions and Programs

Research and  technmology development in forestry and
envircnmental sciences is scattered throughout the country aand 1is
carried out under the auspices of varioua bodies.

A. Department of Agriculture

The Forest Research Institute at Dehra Dun is the focal
point for forestry research in India. FRI and its regional branches
in Coiwbatore, Bangalore, Jabalpur &nd Burnyhat are focusing
principally on silvicultural, entomological, pathological, and wood
utilization research or commercial timber species (long-rotation).
Coimbatore has, hcowever, carried out field trials, on short-rotation
eucalyptus species. Some state forestry departments are developing
regearch programs; Kerala State has a particularly strong forestry
research institute,

B. Council for Scientific and Industrial Research

Several ianstitutions under the CSIR network are
engaged in relevant research. In 1981, the Department of Science
and Technology established the National Botanical Research Ingtitute
as one of two Biowass Research Centers. The program has since been
trangferred tc the Department of Nen-Conventional Euergy of the
Ministry of Energy.lz. The main objectives of rhe Center are:

(1) to assess the potential of plant species of proven
adaptability to soil alkalinity for biomass production;

(2) to standardize agro-techniques;

(3) to study photosynthesis in relation to plant productivity
and nutrient cycling of selected species and nitrogen
economy;

(4) to survey the land and water potential of the aresa and
formulate programs on the utilization of municipal and
agricultural wastes for energy comservation;

(5) to concentrate on energy crops of terrestrial and aquatic
nature;

(6) to undertake feasbility studies on more efficient uses of
biomass for obtaining maximum energy and on
developing appropriete technology for energy crops,
production systems, harvesting and collecting,
pre—-treatment and conversion.
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To assess the biomass production of 12 fuelwood species
telerant to sodic eoile, NBRI together with the U.P. State Forestry
Department has set up a block trial replication experiment. For
each species, 1,375 saplings renlicated 3 times have been planted at
l.5m x 1l.5m spacings on 36 plots.l3 Meagurements of growth, yield
in response to fertilizer and other conditions are underwsy.
Analysis of coppicing characteristics will be performed after
several more years of growth. Samples have beeu sent to the Punjab
Agricultural Uaiversity for fuelwood characterization analysis.
Trials are also underway on selected high starch and sugar crops and
hydrocarbon producing plants. NBRI alao has unique experience at
the Banthra Research Station in the rerlamation of a small wasteland
area and its conversion into a "natural" forest over a twenty-year
period. Tissue culture work involving some woody biomass is also
being conducted,

The National Chemical Laboratory in Pune has one of the
largest tissue culture groups in the world. They have had success
applying tissue culture methods to teak, eucalvptus and several
octher tree gpecies.

The Central Szlt and Marine Chemicals Research Institute
in Bhavnagar is experimenting with jojoba and other
drought-resistant plants and shrubs. The National Environmental
Engineering Research Institute in Nagpur is conducting research on
water and ai. quality and sedimentation.

C. Indian Council for Agricultural! Research

The Centrsl Grasslands and Fodder Research Institute in
Jhansi is carrying out research on silvi-pasture and the role of
grasses in helping to srtabilize sonils. The Central Arid Zone
Research Institute at Lodhpur, the Central Sol and Water
Conservation Research and Training Institute at Dehra Dun and the
Central S0il Salinity lnstitute at Kemal are involved in research on
decertification, soil erosion and soil salinity problems. CAZRI has
apparently given some effective advice on trench planting for trees
on wastelands 1n Gujarat to a PVO group.15

Tne Indian Institute for Agricultural Research has racently
established an Agro-Energy Center that will work on agroforestry,
biological nitrogen fixation, tissue culture and organic
recycling.l6 Several state agricultural universities, e.g.,
Punjab Agricultural University, are creating similar units.
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D. Department of Environment

The Botanical and Zoological Surveys of India both <all
under the supervisicn of the Department of Environment. This
Department cocrdinates the Indian National MAB Committee which
collaborates with UNESCO ou studies, research and demonstration
activities on the ecological impact of human activities. The
Department plans to establish a Himalayan Instituce of Enviromment
and Development to undertake research on the ecosystem in the
Himalayan region.

E. Other Icstitutions

Madurai Ramraj University at Madurai has been designated
with NBRI as a National Biomass Research Center. It has a School of
Biological Sciences witn a major emphasis on the physiological
side. Photosynthesis research is a major theme. The Indian
Institute of Sciences in Bangalore has an emerging interest in
environmental issues and in 1982 hosted a meeting on Conservation
and Management of Biological Dbiversity iu India. 1In Hyderabad, the
Administrative Staff College of India has a Center for Energy,
Environment and Technology and hes conducted several studies on
social forestry and biomass energy. UNESCO and the Department of
Environment are sponsoring a Regional Workshop in "Biomass Energy
Management in Rural Areas" in December 1983 at the college.

1v. Current USG Programs

USG progrims to date in forestry and onvironment have been
limited. Under the Special Foreign Currency Program, USDA has
supported forestry research activities with Coimbatore and Denra
Dun. USDA is coordinating the foresiry research component of the
8TI program and a 1U.S. team visit to India to develop collaborative
research projects is proposed for late October. USAID is providing
about $2.0 million for fuelwood production research to NBRI and
Madurai Kamraj Uciversity under tne Alternative Energy Resources

Development Project. Silviculture and plantation management
recearch on Ifuelwood species is inciuded in both rhe Madhya Pradesh
and Maharashtra State Social Forestry projects. A Research,

Training, and Extension project is under design for FY 85, which
would be the Agency's cnly separate country forestry research
pruject.

Some collaboration has taken place with India in the land
management and land reclamation area, through NSF and EPA. NSF ig
planning in early 1984 a workshop at CAZRI on Arid Zone Research
priorities. The U.S. Fish and Wildlife Service has also carried cut
& small collaborative research program.

\
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V. Constraints to 2ffective R&TD

India curreatly has inadequate human and institutional
capacity as well as financial resources to tackle the forestry and
enviroumental problems discussed above. The coimplex nature of the
land reclamation/soil improvement problem requires an
interdisciplinary approach that 1is lacking at virtually all
instituvions. As discussed in Section III, various institutions are
working on pieces or the problem, yet no effective integrating
system appears to exist. The Special Task Force has recommended the
creation (or activation) of am Indian Council of Forestry Research
and BEducation as a coordinacing body and the strengthening of
research and educationzl capebilities of FRI, ICAR, and CSIR
institutions, as well as the state agricultural universities, srate
forestry departments and some private research. A critical need
exists to establish with the Unioa and possibly the State Public
Service Commissions a career sgpecialization in forestry and
environmental research. The social and management sciences also
need to be integrated more effectively into chis research field.
This will be a major challenge for the Department of Environment in
developing the Himalayan Institute of Environment and Development.
Interdisciplinary programs in forestry and emvironment sciences are
also urgently needed at Indian universities and institutes of
science and technology.

NBRI seems to have the most developed program of systematic
fuelwood species trials, but they face serious limitations in land,
equipmeat and staff, and would benefit from interaction with U.S.
institutions in the design, implementation and evaluation of their
trials. Bureaucratic constraints have delayed the USAID-supported
lnitiative that would develop an institutional link between NBRI and
a U.S. forestry school or consortium of schools.

Tissue culture reeearch i3 at a fairly advanced stage at both
NBRI and NCL. The techniques developed now need to be focused on
mass propagation of genetically superior fuelwood species adapted to
different goils and conditioms. Moat species trial work to identify
superior material, however, is only in the early stages.,

The resources allocated to research and education in foreatry
and environment will have to be greatly augmeuted in vrne Seventh
Five-Year Plan if the necessary technical knowledge and personnel
are to be developed. Currenf indications are that a level of about
$120 million may be forthcoming for forestry research in the Seventh
Plan.

N
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VI. Sectoral Elements of a Ten-Year R&TD Program

AID has a unique opportunity to make a critical input at the
formative stage of a natiomnal program for forestry and environmental
regearch. In this regard, 1t may be a similar juncture to the
position India was in during the 1950's whea AID launched its major
program to build the national agricultural universities system.
India must mitjgate the environmental degradation that is occurring

{f it 1is to sustain 1its development. This problem is, of course,
only partly a question of research. It 1is wmore fundamentally a
question of leadership, financial resource availability, management,
and community and village mobilization. Such rural movements have
been successful In restoring lands 1in China and South Korea.
Whether it 1s possible "ere in India with its diversity remains to

be seen.

The team recommends a long-term research and technology
development program {n this sector emphasizing the role of trees and
grasses 1in the enhancement of land and water resources and the
expansion of rural incomes.

The Program would have three major elements:

(1) Research, professional and {nstitutional development
related to the nature, determinants and consequences of
land, forest and water degradation. This baseline
environment research and educational development 1is
central to increasing awareness as to the economic costs

of environmental degradation. The  Department of
Environment and the new National Land Board under
Ministry of Agriculture provide possible vehicles through
which to pursue this element. A critical mass needs to be
developed to tackle this interdisciplinary problem. A
National Institute for Environmental Research and
Management may be desirable for long-term developument.

(2) Results-oriented research on short-rotation and
multipurpose trees (e.g., fuelwood, agro—forestry,
coustruction, "minor” forest products and other uses).
This work would include the following:

(a) identification of sgpecies and provenances trials on
trees suited for conditions in degraded and wmarginal
lands in various regions of the country;

(b) determination of the potential of various trees for
agroforestry and silvipasture schemes ;17

(c) analysis of the yields of fuelwood and minor forest
products from different types of trees;18

Sh
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{d) calculation of the impacts ou overall soil nutrients
and stability of various leguminous and
non-leguminous species over time;

.(e) evaluation of the preferences of the poor for various
kinds of trees and the 1{1mpact of differeat tree
planting approaches on the poor and landless;

(f) development of nursery and wmanagement techniques
appropriate for selected species;

{g) selection of genatically superior, especially adapted
trees auwd their mass propagation through tissue
csulture techuniques.

NBRI, the Central Grasslands and Fodder Recearch
Institute and other ICAR 1institutes, FRI, and the
agricultural universities would play key roles in this
effort. This program area should be developed ian cloge
collaboration with the World Bank. The establishment of
an effective Indian Council on Forestry Research as
endorsed by the World Bank/AID/ODA team would provide a
framework feor the development of an umbrella research
project similar to the current Ag Research project.

(3) A more basic hut modest research effort aimed at genetic
improvement of trees through the creation of new hybrids
for clonal propagation. Genetic engineering techniques
such as protoplast fusion, gene transfer and nutrient
breeding would be pursued. This work would be centered
at the National Chemical Laboratory at Pune. Dr. Donald
J. Durzan, Professor of Bilochemistry, Institute of Paper
Chemistry, who visited NCL during the May 1981 NAS Team
migsion, believed that NCL could overcome the
developmentail barriers to generating plants from
protoplast cells or cell suspensions with a sustained
research effort 19,

These three elements should be 1linked to the new joint
program being developed by the Asia Bureau and the S&T Bureau in
Foresty and Bioresources. Their concentration would have both
forward linkages to the AID-supported social forestry programs in
M.P. and Maharashtra and backward 1linkages to the global S&T
forestry research and development project and its Asia regional
componeut. Au FY 85 project is planned that could provide an early
start to the ten-year effort. Thus, this proposal 1s counsistent
with the R&TD sectoral approach, the "ribbon " approach of Dr. Nyle
Brady and the Asia Strategic Plan for 1983-1988.

A reasonable cost estimate for this program would be in the
range of $40-60 millicn over the ten-year period.
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ANNEX C: ENERGY

I. Overall Development Context:

Energy 1is a vitel input to agricultural and industrial
development; per capita GNP is closely correlated with per capits
commercial euergy use (see Appendix A).l 1In 1980, India with a per
capita GNP of about $235, consumed about 0.13 tons of oil equivalent
per capita. If India is tc achieve by the year 2000 the same per
capita GNP as Thailand in 1980 ($670), then it will need something
like 250 million tons of oil equivalent (TOE), compared with 10%
million TOE in 1980/8l. Thiy prospect represents a formidable task
even if world oil prices remain stable in real terms.

As shown in Appendix B, India's commercial cnergy needs have
increasingly been wmet by oil. Since 1975 oil consumption has
steadily risen from 24 million touns in 1975/76 to an estimated 36
million tons in 1982/83 (see Appendix C).2 The Chairmen of ONGC
estimates that demand will reach 54 million tons 1988/89. 3 With
increased volumes and prices for oil imports, Indiz in 1980 was
paying an equivalent of about 80% of its total export earnings for
imported oil, compared with 20% in 1973 (see Appendix D). India,
like other developing countries, was forced tc borrow heavily to pay
for this oil (see Appendix E). With increasing domestic oil
production and declining oil prices, oil import costs in 1982/83 of
nearly 6 million crores have dropped to an estimated 66% of tota.
export  earnings. 4 But  this level still represents an
unsustainable drain on the economy and a brake on new resource
mobilizaticn and investments. Prospects for increased domestic oil
and gas production are good, hcwever, and one forecast has India
meetiag 80Z of its oil needs from domestic sources by 1985, against
45% at present.

The higher prices for oil have been passed on to domestic
consumers. The fuel price index increased by 7007 between 1960 and
1980. These price increases have put the price of o0il and other
commercial emergy out of the reach of the lower income groups and
kept them dependent oun traditional sources of energy. At the gsame
time, population pressures and shortages of fuelwood pushed up prices
for wood in urban markets. Appendix F shows the close correlation
between commercial and firewood prices.

<
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India remains over 50% dependent on traditionmal or
"non-commercial energy. The Asian Development Bank estimated Indisn
non-commercial energy use at about 120 milliom tons of 0il equivalent
in 1978 (see 4ppendix G). Growth in non-commercial ecergy use is
ggeumed to have grown about 1.7% pPer year since 1965, but no
reliable stacistics are avuilable over time. Most of the traditional
energy is used for cooking and heating purposes in the househi'ld. As
Appendix H reveals, the bulk of the non-commercial, household energy
consumption 18 in rural areas. Wood, including logs, twiys,
branches, etc, is the dominant type of houaehold fuel except in U.P,
Bihar, Punjab, Haryana and West Bengal where dung and agricultural
residues are of equal or greater importance (see Appendix 1I).
According to the NCAER nation-wide survey, logs accounted for 43I of
household wood consumption (in coal replacement equivalents). Some
positive relaticnship seems to exist between a state's household
energy consumption of logs and its classified forest area (see
Appendix J).

GOI policies sad financial allocatious give high prioritv to
developing India's indigenous oil, gas and coal resources. Prime
Minister Gandhi, at the recent World Energy Congress, stated: '"Qur
P’2nning gives priority to energy, next only to agriculture."® The
Sixth Five-Year Plan allccates 20,535 crores to energy or 27.2% of
public sect: development expenditures. Of this, power receives 73%,
coal 1lZ, oil 16% and non-conventional energy 0.1%.7 When the 5
million crores . forestry are added, the energy investment exceeds
30% of the Plan total. If transportartion and fertilizer expenditures
are included, the overall energy-related expenditure level is closer
to 40%Z of the Plan outlays. These figures do not include R&D
expenditures.

Despite the large investments in power, shortages are
occurring in virtually every atate, with an overall annualized
average shortfall of ahout 9%. Blackouts and brownouts are seriously
affecting industries and reducing the efficiency of energy, capital
and labor utilization. Industries are purchasing oil-based captive
power units to ensure reliable power. Electricity consumption has
increased steadily (see Appendix K) with agricultural demand
particularly strong as the uumber of tubewells increases

II. GOI Objectives, Priorities and Policies for R&TD

The Govermment of India supports a broad-based research and
technology development program in the energy sector. The basic
thrust of this effort is towardc:

- improvement and adaptation of existing technologies with
emphasis on conservation;

- development of more efficient technologies for utilizing
indigenous couveantionzl sources of energy;

- development of renewable energy technologien.8

nV:
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The cited report describes the neads and R&D priorities in the
coal, oil, nuuclear, power, conservation and alternative energy

sub-sectors (see Appendix L).

The Department of Science and Technology reports that total
R&D expenditures (central, state, and private) in 1980/81 on energy
production, conservation, and distribution of energy totaled
Rs. 8775.44 1lakhs or about 12.5% of overall R&D expeaditures. The
central goverument provided Re. 7615.90 lakhs (wmainly in nuclear and
petroleum areas), the private sector supplied Rs. 1032.87 1lakhs, and
the state governments a nominal amount. Energy represented 14% of
central government R&D expenditures.9

Two arecs3 of 1ncreasing priority for R&TD are coal and
biomass. Iadia has the largest coal resources in the developing
world with over 100 billion tens of probable reserves. The coal 1is,
however, of poor quality (unsuited for export) with an average ash
content of between 35-40%. This ash content 138 increasing as a
larger percentage of coal comes from open-pit mines. This ash factor
complicates boller operativa and adds significantly to the cost of
coal transportation. India {s therefore keenly 1interested in
technologies for beneficiation (cleaning), transport (i.e., slurries)
and wutiiization of 1low quality coals (fluidized bed, coal
gasification, coal-water mixtures).

With the 1Introduction of fast-growlng trees 1in the State
Social Forestry Programs and the {mprovement 1in technologles for
biomass conversion, the GO0I 1{s ¢taking an 1increased 1interest 1in
research and development ian both biomass production and utilization.
Energy is a prime fccuc of the "Long Term Plan in Biotechnology for
India.” Five research objectives for biotechnology are laid out for
the energy sector:

(1) iwmproved methods of producing gases and liquid fuels from
various organic wastes Iincluding distillery wash;

(2) conversion of lignocelluloeic materials with blofuels,
SOP and chemicals;

(3) newer techniques of selection and propagation of woody
plants for reforestation, energy plantations and social
forestry (blomass productlon}:

(4) development of novel immobilized bio-reactor systems for
the production of ethanol and methane;

(5) wutilization of blo:eactor effluents for the production of
biomass, for fuels and for fuel purpoaes.l
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Prime Minister Gandhi stressed biotechnology research in her
addregs to the World Energy Conference ia New Delhi on September 18,
1983. She called for urgent action in the followlng research areas:

(a) The appllcation of new bioslogical advances 1in biomass
production (e.g., tissue culture, protopiast fusion,
genetic enginearing, nitrogen fixation, laproved
photosynthesis, etc.), particularly on lands not suitable
for agriculture;

(b) Photocnemical techniques to produce hydrogen to be used as
mnbile fuel;

(c) Energy storage devices to make trangsportation less
dependent on oil;

(d) Photovoltaic devices to provide electricity directly from
sunlight costing 10 to 100 times less than today;

(e) Integrated energy systems to optimally meet a variety of
needs.

III. Major Current R&TD Institutions and Programs in the Sector

The emphasis below {s on coal and biomass, two areas of
significant energy potential where a basis for collaborative
Indo-U.S. research has already been established.

Coal R&TD1Z

Indla has a relatively large coal R&TD program focused in
Bharat Heavy Electicals Limited, with labs at Trichy and Hyderabad;
and the Central Fuels Research Institute (CFRI) at Dhanbad, and the
Regional Research Institute at Hyderabad. BHEL 1is a first-rate
company with programs in atmosphere fluidized-bed; pulverized coal
firing; combined cycle (6 ww gas/steam power wviant); combustion of
coal/oil and coal/water wixtures Ju small, oil-fuel industrial
boilers; pressurized fluidized bed gasificatiou and combustion.

The CFRI 18 a CSIR laboratory with extensive pilot plant
facilities for coal analysis:

- compogite coal washing (40 tons/hr.);
- oll agglomeration plant (100 kg/br.);
- low-pressure briquetting plant (1.5 tons/hr.);

~ fluid bed carbonization plant (2 tons/hr.);

\/
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- fluid bed combustion plant (? tons/hr.);
- fixed bed gasification unit (1 tom/hr.);
- Fischer-Tropsch plant {5 liters/day);
- high-pressure vapor-phase hydrogenation plant (0.5 TPD);
-~ K-T and Winkler plants.

of particular interest is their work on coal liquid mixtures. CFKI
has prepared and tested 20%Z of coal 1im coil and has initiated
stablization and rheological tests with coal-water slurries.

ERI.-H is the largest of the coal laboratories, with over 500
scientists and engineers. It is a2 center for graduate studies as
well as research. Like CFRI, RRL-H has facilities for gasification
and coal liquids analysis. RRL-H is collaborating with BHEL in a
fluidized bed research program.

Riomass R&D

Major biomass production research programs were discussed in
the forestry and environment sSector annex. The Department of
Non-Conventional Energy (DNCE) is also sponsoring several projects on
petroleum yielding plants -- one at the University of Rajasthan on
Euphorbia Cathyris and one at NBRI in Lucknow. NBRI has identified
22 promising species out of 380 potential species. Latex from these
species has beern analyzed by the Indian Institute of Petroleum, Dehra
Dun for chemical characteristics. A second phase is planned on the
techno-economics of cultivation of promising species and the building
up of a germplasm bank of selected species.

DNCE is considering a feasibility report on Biomass Energy for
Agricultural Societies, prepared by Hindustan Aeronautics Limited of
Bangalore. The report proposes to use non-edible agricultural
residues at major processing plants to fuel two externally-fueled gas
turbines.

The cther major area of research interest is the coaversion of
biomass to liquid fuele and wethane through improved microbial and
enzymatic processes. The leading work in India is being performed at
the Biochemical Engineering Research Center, Indian Institute of
Technology (IIT). They are focusing on (1) pretreatment of
ligocellulosics; (2) production of high activity cellulase; (3)
ecthanol fermentation via novel routes; (4) design of reactors for
both microbial and immobilized emzymz processes; (5) counventional as
well as microprocessor coupled fermentation and process simulationm;
(6) biochemical and physiological aspects of microorganisms via
molecular and cellular approaches.1 IIT is receiving funds from
DST for this research.

A
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In the private sector, Jyoti Limited in Baroda 1is conducting
research and development on s8mall gasifier systams of S5KW or less
that can operate on various kinds of agricultural residues. AID is
sponsoring colla’ vative research and technology development with
Jyoti Solar Enery, Iostitute and IIT (Delhi) in these systems, which
are being coupled to diegsel engines for use 1in water pumpiug or
electricity production. Jyoti is also manufacturing snlar panels and
small hydro turbines.

Other R&D

Research on solar, wind and small hydro technologies 1s being
conducted at numeroug institutes im the country. Leading centers are
the Central Electronice Laboratory in Photovoltaics, BHEL and the
Indian Institute of Sciences (Bangalore) in sgolar therwal, and the
University of Rocrkee in  smgll aydro. The Department of
Non-Corventional Energv has recently established a solar thermal
center outside of New Delni for testiug and standards development for
solar thermal svatems.

Iv. Current 1JSG~Supported R&TD Efforts

AID has two current projects 1in the energy sector. A
Technologies for the Rural Poor project {s financing collaborative
research between U.S. and Iadian 1institutions in solar rice drying
(CSU and Annamalald U.); solar parabolic collectors for process heat
(U. of Houston aud IIS Bangalore); solar village field test (JPL aund
BHEL); and electronic contrclling and innovative end uses for
minl-hydro (Bostcn U. and U. of Roorkee). These projects follow a
nodel not dissimilar to the STI approach and emanated out of
proposals frowm the Indifan side at meetings of the Subcommission on
Science and Technology.

The gecond project ("Alternative Energy Resources

Development™) {fuvolves four principal activities: (1) {nstitutional
anc research support for the biomass centers at NBRI and Madurai
Kamraj U. (see Forestry and Environment Sector);
(2) collaborative research and professional development in coal and
biomass conversion technologies; (3) technical iaformation exchange
on emnergy coonservation in sgpecific {industries; (4) technical
information exchange in new and renewable energy, with initial focus
on thin-film solar thermal systems.

Both projects involve coouperation with the U.S. Department of
Energy. Fcr the JPL-BHEL project, DOE is providing SFC for the rupee
costs. Under the gecond project, DOE'g Pittsburgh Energy Technology
Center 1is providing technical program management for the coal and
biomass conversion components.

WO
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V. Congtraints to More Effective R&TD in the Sector

Three basic observations caa be made about the Indian energy
R&TD program as it relates to coal and renewables: (1) 1little
overall technology and economic planning exists that syytematically
examines poliecy and research options. As a result, few decisionsg
are made which focus research on economically viable, high pay-off
areas; (2) much unnecessary duplication exists within government
labs that for the most part reinvents the technologies developed in
the industrial countries; (3) very little interaction takes place
between the government research laboratories and private industry in
the planning of tests and field demonstrations, thus helping to
ensure that the technology in question will be looked at sceptically
by private industry.

VI. Sector Elements of a Ten-Year K&TD Program

Numerous areas exist where a useful long~term collaborative
program in alternative energy technologies might be pursued, 1i,e,,
coal, biomass, solar. These technologies are all keyed to India's
future energy development and the U.S. hasg a strong research basge.
Yet a basic problem exists in structuring such a program. The
technological expertise on the U.S. side rests principally in our
private companies, not ln  the universities or national
laboratories. The DOE laboratories offer a mechanism acceptable to
the Indians for interacting with U.S. pPrivate companies. But it is
probably a second best approach to direct licensing or joint venture
arrangements. It is also not clear what the balance should be in
AID's cthinking between promoting Indian access to the best u.s.
technology at the lowest cost as a spur to development and our
suppert for U.S. commercial interests in selling and licensing the
technology.

The Alternative Energy Resources Development project has been
structured so that a mix of U.S. private and public sector
institucions are involved. The Indians receive exposure to U.S.
private i.dustry and U.S, experience in coal, biomass, and solar
area’ plus an opportunity to discuas possible commercial deals. The
project is just beginning and the specific work plans for
collaboration are not yet finalized. At this juncture a continuation
of the curreat technical exchange and professional development
activity in new coal and biomass conversion technologies, i.e.,
fluidized bed, beneficiation of lignites, coal water mixtures, coal
and biomass gasification/cowbined cycle, and <coal and biomass
liquefication, offers the best prospects for making a substantial
impact on Indian esergy R&D policy and planning for major energy
investments in both the centralizid and decentralized sectors. A
coal and biomass workshop 1s planned for this fall that will provide
a basis for evaluating the feasibility of a long~term program.
Several U.S. private companies will be attending this meeting and
will provide & gauge as to whether AID can serve as a catalyst for

W
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promoting cooperative R&D, licensing or jolnt venture arrangements.
If this activity precves effective, then plans for a 1larger and
longer—term (i.e., seven-year) follow-on project in FY 86 should be
pursued. A reasonable cost estimate for a ten-year program of
collaborative research and professional exchange 1s $15-25 aillion
including about half for research. Au 1llustrative budget 1s
contained in Appendix M. A major coal or biomass demoustration
plant, e.g., for fluildized bed, could cost this much itself, and 1t
wight be cheaper to undertake such an effort in India than in the
U.S. The Indian side would like such a visible demonstration project
and would probably be willing to put up at least 80 percent of the
costs. This option should be explored in the future.



Notes

1 For India, the correlation coefficient (R2) for GDP/Commercial
energy use for 1960 to 1981 (selected years) is .99. The
coefficient of multiple correlation between GDP, population

and urbanization and commercial energy use over the same

period is .997.

2 World Bank, Staff Appraisal Report for Krishna-Godavari
Petroleum Exploration Project, Sept. 10, 1982, p. 470.

3 Times of India, Sept. 20, 1983, p. 1l.

4 Center for Monitoring Indian Economy(CMIE), Current Energy Scemue
in India, May 1983, p. 1{.

5 Times of India. op.cit., p. 130.

6 Prime Minister Indira Gandhi, Inaugural Speech to the World
Energy Conference, New Delhi, September 18, 1983,

7 CMIE, op.cit., p. 2.

8 co1, Planning Commission, Report of the Working
Group on Energy Policy, New Delhi, 1979, p. 100.

9 GOI, Department of Science and Technology, Research and Dev.
Statistics 1980/81, pp. 64-5.

10 Natiomal Biotechnology Board, Department of Science aund
Technology, Long-Term Plan for Bio Technology ia India, April 1983,
p. 8.

11 p.M. Indira Gandhi, op.cit.

12 This section is drawn from the Trip Report of the PETC
Team to these institutions im May 1983.

13 GOI, Department of Non-Conventional Energy, Annual Report
1982/83z pe 25,

14 Tndian Institute of Technology. "Academic Training, Research
and Development in Biochemical Engineering and Biotechnology,”
ppo 3-4 .
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CHART VI
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a break through  might oceur in the  foresecable

future.

14.28 Onc of the major diawback 0. some of the
renewable scurees of encrgy s their ¢ clic availability,
Development of cnergy storags systerms is  essential
to use scurces such as solar caaey and wind encrgy
aceording 1o necds, There i streng seed o strengthen

the R&ED off ity in this ea.

Wind Facrey

14.29 The potentind of wind energy en a countn -
wide bus's is 1ot to be assessed aceuraiely, The avail-
able data indicares that the promisine rewions with
good wind cnergy poteniic! cre the coastal areas of
Karnataka, Gujarat, Mabarasiera, Rajocthan and
some hilly accas. dndhe interior of the country the
"cfncu,\' s ooenee S tow but  there
naricds darins the iy or month

depen i v the sovae, whon

avdrage wind
appeor to be corta s
and this would

the wind veiecitics are swthivrzeay ugh o nnke wind
mill installation feasible, Tt toll that morg detailed
wind dat ospecially reeanding doily wind frecvency
distribuiion, sesonud varatens, ete sieaid he collee-
ted and wind cnergy poten al shonb] by peagses-

e

14.30 I the opast [ow e considernile progeees
has heen nuede dn tae qechnodege of wad aills i
many wesire countrics, bt ver, the s design may
not be suitab!y for Inlina conditions withanr mogdi-
fication and 1daptation,  Seiie wird mill desjens
have boen coaleed Jor loew v spoads nivo, i the

coste e ivense g SN L are et ver o proaes,

[4.31 The Mational Acr ool Laberatory which
had deweloped the horizens s wind mill wad field
tested many unis kas heen o oetirging G ctlerts 10
cvolve o cost-effestive doion ashie for Indine con-
ditiens parvcalarly tor puipint appleatinns, Soilaere
wind mills that could he mads leerily in el wreas
are being inveelipated. Work s aleo in prearcss on
vertical axiy wind mills for eleetricity pencration as well
as for pumping application. A feld Tedting Pre cramme
of wind mills 1t Ghazipur in U P has given srecurap-
g oresults. AL these indicat o with forthor PED,
wvind encrgy could hecome et lf0 ve in pany pans
of the country particulariy it the pattern of acriculiyre
could be adapt.d to cuit the wind conditions,

Fuels from Bin-Mass

14.32 The ~rudies of the Group mnderling ihe -
portance of continuaaece of fucl wood as a scurce of
fuel and the nead for reliance an hio-mass for meetis 2

Begt

Avellabls

the cnergy nced in the foresceable future. Reseats:
efforts dirccted towards identification of fag Prow’s
species, mwthods  of inereasing phos 0-3ynthetic ol
ciency and development of cost-cticctive processes v
lising bio~degradable materials for producing [ueli—
gasccus as well as liquid descrve high priority,

1433 Many bio-coaversion router are bene 1o
searched. The choice of bio-conversion route  igtu
by the physizal nature of the material, it techinm cone
mic viability and environmental bencfis, The inle,
cal conversion of organic wastes by :naerabic di
tion process is an area whare consicerahls R
already in progress. Although tic bio-gas programs:
based mainly on cow dung i boma pursugd withy o
siderable cmphisis, new tcc.‘miqum areoreguine |
utilice other types of solid  materials fike vesctas
wastes and agricultural residues.

14.34 The technalogy of bie-eas production o
animal deeg s fairly weil dovel pod et a poorone
to porubir<o bio-gas plants based on
noiory 1 in pregress, The preoent <fiacay jope o
coumree muemy individual effore with toe posnlt g v
prograrivne s benctted individual jamific, of o -
lzin category in rural areas. While *he precent proer.
me has served the need of bringing thie el
to the raral areas, 1t is not adegqoat. o harice.
-es potential and achicve the ohjectine -
the beneiits reaching a larger section of the rural con
nutniiy, There are o number of scientif:, recivnd
and socio adminicirative problems to be resoived
harmees he bio-gas potential and mako it an effoeniy
compundnt n the rural cnergy cconrmv, A naton
level cocord'nated R&D procramnie s precnily
nrogrees 1o find selutions to come of the basie |0
lems. The main objectives of the prosramite are
improve the gic vield, reduer coste, incrense bl
develiop Liracr rhants for compmnity lovet apelicadiom
duselop cheaper bie gas wtoves and other appline
study the cocieecoonomic impact and admirisin
arrancemen's for community  level plonts, ol (6
pace of this programme has to be accelerated and
has also to pe given a thruss <o that the ¢fforts can b
concentrated i some of the more important arca-,

e known !

cizeuhie h

Y115 The converddon of bic-mass into fucis b

prrolysiv i process of destructive disnilation ¢
out in & cloted vessel in an atmwsphere deva’d of o)
scn. The gascs produced are uswally a mixture ¢
hvdreoen, meihane, carben memoxide, carbon-dioyid
and ower hedrocarbons, The liquids wre cil-lke an
the sefide are simitar to charcoal, Severl versatile pie
censes have been develored capable of ucing divers
feed-+1ocks cuch as coal, trce bark. waste timber, ric
husk, arban waste with yiclds of as much as a haire

s Documueni
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-f oil for cach ton of wet bio-mass. There are also

ther possibilities of using urban waste o generete
rectricity by -direct combustion, In fact some western
untries are iready using such techniques on a com-
creial scale, Producer gas units based on wood /char-
al needs 1o be revived ; R&D iuputs necessary (o
svelop cost erfective units for rural application sheuld
s identified. Liquid and gnseous ruels can also be pro-
wed from bid-mass through the fermentation precess.
1 these arcas need intensive study to establish their
cive e the Ir dian energy scene.

ccentralised “ntegrated Enerpy Svsieras
I4.36 The possibility of decentralised energy produc-
' and distribation as against the centralised method
crves seriovs consideration pariicularly for meeting
rey needs of the dispersed rural reouiation. Such
r&\ sysieme would be based on o tem approach
c:icr_c_y prodlems taking into account all available
Ty resources jnoa given lecaticn with particular
nhasis on rew and renewable cpergy technologies,
osreseareh on aliernative eneray seurees hos con-
trated on single sources Jike selar or bio-ras or wind
seo-thermal and often g single application of thar
iree The intermittent nature of some of the scurcus
« solar, wini ete. is one of the major problanis in
ar etfective utdisation. Howeser, combining several
irezs might help o alleviate this problem un.! im-
veosvstem sty RED to establish the feasi-
ty o integrated svsteras hased on solar, wind, bio-
Cand mint-hvdr s wherever avalable. will have o be
‘erishen exprdinousty. The sevr “op such indegrated
e oseems o be mesthivh ondlace siuation s, but it
b recorn sed dhat such ek ¢logies should as far
‘Gesihle be nple and maint nance requiremernts low,

*Ci79—15,
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It is necessary fo take up a few pilot scale studics on
integrated aulonomous energy systems in village situa-
tions, including studies cn socio-administrative prob-
lems and institutional requirements,

Application ot R&AD Resuits

L4.37 The success of the R&D Frogramme would
utimately be dependent on the application of their re-
sults fer regular use in the energy cconomy. While the
apphcation of the results of the R&D programmes woulg
previde considerable socio-economic benefits ¢to  the
canomy, only a few pregrammes will lead 10 direct
monetary savings and profi's in the near term. In the
aosence of sufficient dircct motivation, difficulties would
oe faced in popularising the application of the results
from R&D programmes for actual use, In this context,
it would be nccessary to consider monctary incentives
and other motivating and regulatory meusures to ex-
tent the results of the R&D activities to the field,

14.38 The measures ‘o be taken to solve some of
the problems beinz faced in providing assured encrgy
supplics in rural areas have been dealt with in the
caclier chapters. Considerable R&D inpuls are requir-
¢! to makc the present pattern of utilisation more
cifective ing cvelve new svstems for application in the
longer term. What is crucial in developing rural energy
systems is the follow up action required t¢ propagate
and pepularise them for apoiication. Such folow up
action through approprizte  extension programmcs
should forn purt of the overall R&D programme to
cnsure that the benotits of R&D activities ultimately
reach the sections ef population for which they are
intended,
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ANNEX D: BIOMEDICAL RESEARCH

I. Overall Development Coutext

A. Backgtound

The interests of both India and the United States in
regsearch lie ‘in eventual application of new technclogy to development.
This rather restricted objective muat be kept in mind as a new Research
and Technology Development (R&TD) program 1is considered because the
engine which drives R&TD 1in geueral is enersized by challenges and
rewards iuntrinsic to the technical field its::uf. Wnile it i1is wholly
appropriate to maintain a development-oriented focus of S&T in the health
gector in India, care must be taken to harmess the energy of the research
community and direct it toward development goals without stifling iadivi-
dual interest and ideas. A successful R&TD program requires the active
participation of the truly talented scientists in the field, many of whom
may be skittish about participating in a program which does not ucknow-
ledge the primacy of technology.

In the health sector, one point where development and tech-
nicsl considerations may balance would ta at the highest Indo-U.S. joint
group where senior development and technical personnel could jointly list
the goals of the program in development terms, describe the broad para-
meters of the program, and determine the general rules of play. Once
that process is complete, it is impourtant to let a technical group over-
gee the technical activities. This once removed posture is essential,
for most development experts are not qualified to judge highly technical
work. Similarly, most technical experts cannot brcadem their techmical
perspective sufficiently to see the development picture. Success will
not depend necessarily on educating either group to the other point of

view.

One reasonable set of development criteria which might be
proposed as a starting point are the various AID sector and Asia Regional
Strategies 1im health. For instance, R&TD directed toward causes of
infent and young child mortality and the burden of illness im the
workforce (including mothers) would i{nvite discussions about which
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disease areas would war-ant attention. Anong the prominent causes of
infant mortality in whichk R&TD may coutribute are regpiratory disease and
low birth weight; of young child wmortality, regpiratory disease and
diarrheal disease; of labor force morbidity, malaria, tubsrculosis and
perhaps blindness. It is iwportant to consider both the magnitude of the
problem (for a developmental justification) and the potential for re-
search to contribute to a solution (tetanus, for instance, 1is a major
disease, but an immunizaticn program, not more research, 1s required for
solution).

The potential exists for a mock conflict to arise out of the
prior documents which iden-ify research priorities. The AID-spousored
meeting at the NIH in December 1982 to 1list biomedical research priori-
ties produced a document which {8 heavily bilased toward technical issues
and neglects the development {mperative. The list of priority areas 1is
the technical half of the picture. The same criticisms could be directed
toward the excellent reports of the Indo~U.S. Subcommission and to some
extent towara the recent Indo-U.S. Scieunce and technology Inftiative

(STI).

Biomedical research in India {s a fairly vigorous field. Of the
four Tndian gcientific publications which were cited in the 1{ater-
national technical literature fifty or more times (the arbitrary cri-
terion in judging "significant impact"”), all were in the biomedical (or
blological) field, although only a minor component of the goverument R&D
oudget 1s spent on biomedical research.* Thus, the argument .rould be
rnade that the blomedical research field 1is relatively small but rela-
tively high quality, and biomedical research may present a speclal casc
in plananing an R&TD program in India.

Because research in the health sector was already fairly well
established when the new Government of India Department of Science and
Technology (DST)-sponsored initiatives (including STI) were started, it
is difficult to describe the overall picture. In general, the introduc-
tion of the DST programs provided additional resources to the more basic
levels of research which sustain sgeveral disease-gpecific research
efforts. Good coordination exists between the established medical
research programs undertaken through the Indian Council of Medical
Regearch (ICMR) and the newer S&T research programs.

#*As reported in an article by Praful Badwai, "Myths About Indian
Science: Some Unpalatable Home Truths,” Times of India, September 20,
1983.

'



D-3

B. Major Constraints

1. Capital - The general impression from several sources
suggests that capital, including & reasonable amount of foreign
exchange, is not a particularly limiting factor, although one
successful investigator hoped we would not leave with the impression
that Indian investigators were flush. The amounts of rupees
available to individual investigators through the ICMR are relativeiy
small compared to the amounts expected from the DST research awards.
Laboratories were largely equipped with equipment c¢f Indian origin,
which was adequate in nearly all instances. Foreign exhcange 1is
available apparently for essential items which are not available in
Indis although many caid the hassles iu customs clearance and other
bureaucratic issues were difrficult to overcome.

2., Human Resources - It was difficult to assess the
availability of human resources to man a research program. Most
laboratories rely on graduate atudents . (especially M.D. candidates)
for manpower in the laboratory. There appeared to be fewer
senior-level technicians per investigator than one sees in productive
biomedical labs in developed countries. There is a limited number of
truly talented and well-qualified investigators, although those who
profess to be medical research professionals apparently do not devote
any time to the practice of medicine or to demanding administrative
jobs.

3. Policies - In general the policy climate favors an
advance in R&TD in India. The existence of a National Biotechnology
Board should greatly facilitate coordination among the several
sectors which are interested in technology development. Also, it
should increase the efficiency of allocating resources among
competing sectors.

Several specific policy oareas were mentioned
i.2quently by research scientists as being in need of revision.
Onerous GOl accounting procedures make it the donor of last resort
for investigators who can compete in the international market, and
this is an indirect loss to the Indian R&TD effort although nome of
the scientists indicated they preferred to be clasgified as being
outside of the system. There are constraints to travel, and there
are no funds to pay for the foreign part of collaborative efforts
which were mentioned as very important by virtually every
investigator. The patent policy appears to be adequate although the
private pharmaceutical firms objected to lack of enforcement which
undermines patent protection and allows unfair competition from other
firms. Pharmaceutical firms with majority foreign ownership are
encvuntering unacceptable delays in approval of new products
resulting from reseach. This is an example of pressure to shift to
Indian control of private firms. This is a matter of national
importance which goes beyond the pharmaceutical industry.

‘\(o \
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4. Technology Development -~ as practiced now, there is
very little which couid be termed technology development. Several
laberatories have adapted new technology to the Indian situation
quirckly and easily to solve a particular problem. The exception may
te in the private pharmaceutical arena where efforts are being made
to develop new (and patentable) processes for manufacture of
pharmaceuticals which fit readily (and without royalty paid) to the
Indian situation. This is partly due to Indian policies requiring
that all ingredients of pharmaceuticals be produced locally. This
policy is an ~ffort to curb the practice of importing expensive bulk
pharmaceuticals &8s “ingredients" from parent multinational planta
thereby underwriting indirectly the flight of profits abroad. But
regardless of the reason, the result reflects poorly om the capacity
of the Indian pbarmaceutical industry to stay abreast of the world
market over the short runm.

1I. GOI Objectives, Priorities and Policies for Research and
Technology Development in the Sector

A. Objectives

The basic objectives of the overall Technology Policy
("Technology Policy Statement" pp. 3-4, Department of Science and
Technology, New Delhi, January 1983) are development of indigenous
technology .and efficient absorption and adaptation of imported
technology appropriate to national priorities and policies. Special
emphasis will be given to food, health, housing, energy and industry.

As listed by the National Biotechnology Board, located in
DST, the priorities in health are:

l. Development/production of vaccines against major
viral, bacterial and protozoal diseases using modern
methods of animal cell/tiesue culture and genetic
enyineering.

2. Development of effective and safe vaccine for
fertility regulation for mass use.

3. Development of diagnostic kits based on
enzymes~immuno-assay which would facilitate accurate
diagnosis of various disease of man and animals even
under field conditions.

4. Development of new methods of drug delivery bused on
immuncchemical approach and tissue targeting.

5. Production of hormones and other chemotherapeutic
agents using techniques of genetic engineering and
hybridomas.
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I11. Major Current R&TD Inatitutions and Programs in the Health
Sector

A. Public

The DST biotechnology program appears to be a focal point
for funds and policy guidance for R&TD in the public sector. In
health, the DST does not have any laboratories, but they sponsor
research in existing research units,

The DST program will have three tiers when it is fully
or2rational. The first tier is project-specific and targeted in bio-
medical R&TD. This is, in fact, & continuation of the more basgic
biomedical research sponsored for many years by the ICMR, chiefly.
The DST program provides an additional source of funds for this
research which is conducted primarily in non-ICMR laboratcries. Many
research awards go to university-based investigators.

A second tier is a new program for thrust areas which is
more comprehensive and which involves scientists from .several
different laboratories working on a single problem.

A third tier will support national resource centers.
These units will develop basic technical resources for the entire
biotechnology field in India. Although none are operational,
examples of units which are needed include a national genetic
engineering center where high-quality reagents, monoclonal antibodies
and hybridoma cell lines will be developed for use in other research
centers in India.

The Indian Council for Medical Research (ICMR) is a
well-established national resource for medical research. The ICMR
operates national laboratories which focus research on specific
health problems, for example, the National Institute of Checlera and
Enteric Diseases. A smaller portion of their funds suppo. .
biomedical research in non-ICMR labs.

The Council for Scientific and Industrial Research (CSIR)
network supports biomedical research at a few of thes. labs. The
primary laboratory for biomedical sciences in this extensive network
is the Central Drug Research Institute (CDRI) in Lucknow where a
large staff is engaged in biomedical research using the latest
biotechnical techniques. The CSIR mandate is to produce technology
applicable to the commercial and industrial sector, and within this
context the CDRI research is aimed primarily at new drug daevelopment
with a considerable effort also going toward development of rapid
diagrostic tests and basic microbiological research.



D-6

The University Grants Commission (UGC) sponsors university-
based regsearch. The report "“Status of Biotechnology in India" re-
printed in 1983 by the National Biotechnology Board of DST 1lists UGC
support for five universities in the health-related biotechnology re-
search field. Several sclentists stated, however, that the UGC 1is a
ainor source of support for the total biomedical research effort in
India. It may, nevertheless, constitute a major source of funds for
university-based ifuvestigators.

External resources (foreigh agencies, foundations, inter-
national organizations such as the WHO) are not imsignificant sources
of support although the total amount of funding may be small. Research
support from these sourccs provides some additional flexibility, oppor-
tunities to participate in iuternational networks of scientists and
training opportunities -- all of which are coveted by Indian
researchers.

) The Ministry of Health & Family Welfare (MOHFW) has a few
units which engage 1in biomedical research at the "applied” end of the
spectrum. The National Institute of Communicable Diseases (NICD) 1is
the principal unit. The health delivery systems are not major players
in basic research although they are critical components of some colla-
borative efforts at the operations research stage, such as collabora-
tion with the National Tuberculosis Research Center on an iatensive
short—-term course of antituberculosis therapy in Chingleput Districh in

Tamil Nadu.

It appears as though communications between DST & ICMR are
sufficiently good to allow research proposals to be brokered effi-
clently. Orc general principle is for DST to support wore basic bio—
technology activities and for ICMR to support research which 18 more
specifically targeted on medical research.

B. Private

In the private sector, the non-profit foundatioms such
as the Tata Institute for Fundamental Research, represent a consider-
able resource for biotechnology research. Interestingly, the bulk of
support for the counduct of research at this institute and probably at
other foundatlous comes from public sources for which institute scien-
tists compete successfully. The quality of research 1s adequate for
some of the Institute staff to compete successfully for research funds
from the U.S. Any R&TD program which supports investigator-initiated
proposals must allow scientists from this small but potent sgector to

compete.

In the industrial or commercial part of the private sector
there is evidence of sporadic, "as needed” biotechaical research. As

v
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expected, the research we heard about was very directed. In the case
of developing moooclonal antibodies, for use in a highly specific,
rapid diagnostic test for filariasis, this was done with ease. There
does not appear to be any interest in the few private commercial
research units of pharmaceutical companies we visited to participate
actively in any R&TD program operated through the GOI. They were
interested, however, in any efforts to introduce flexibility

into the regulafory environment, and it was apparent that the
commercial laboratories constitute a potential market for any high
quality research reagents which might be produced locally with the
sponsorship of an R&TD program.

The small entrepreneur does not exist in the biotechnology
field in India. Several firms have been approached to solicit
interest in developing a commercially viable biotechnology industry,
but, according to several scientists we spoke with, none are
intevested in taking the risk., Dr. G. P. Talwar of the Nationzl
Institute of Immunology has patented a monoclonal antibody for
beta~human gonadotrophin (beta-HCG) and has established a trust from
the proceeds of marketing this reagent. Such entrepreneurial spirit
was lacking elsewhere.

1v. Current USG-supported Biomedical R&TD efforts:

A. The following biomedical research projects are currently
supported by the Special Foreign Currency Program:

- Malaria: drug evaluation and seroepidemiology

- Filariasias: long-standing project with the NIH

=~ Tuberculosis: development of a rapid diagnostic test
- Leprosy: two projects on immunology

- Cancer: one project on oral cancer, another screening
Indian plants for anti-cancer activity

- Blindness prevention: with the NIH

=~ Amoebiasis: collaboration betwezzn NTH and 4 private
medical research foundation in Calcutta

=~ Iron deficiency anemia: epidemiological project with
the National Institute of Nutrition in Hyderabad

~ Diarrheal diseases (proposed): a studv of rotavirus

\,Vﬁ
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- Biofeedback: project with National Insticute of
Mental Health

- Longitudinal study of a cohort: very valuable study
continuing since 1966, now in 3rd phase

=~ Respiratory diseases (proposed, all GOI clearances
obtained): Christian Medical College, Vellore

- Hepatitis (proposed, all clearances obtained)

- Cancer of the breast, stages I and II

= Reagent bank in reproductive physiology

- Laboratory animal treaty ~ proposed, not negotiated

. For details, Mr. Bilis Saxena, Office of the Science
Attache, is an invaluable source.

It is apparent from this list of projects that techni. .i

issues predominated in shaping the program. Each project is
characterized by excellent collaboration between U.S. and Indian
scientists. (An  outstanding example is Dr. Shanti Ghose's

longitudinal cohort study which has outlasted collaborators and the
vagaries of the Indo-U.S. relationship.) The principals may be
interested in extending their areas of collaboration to include
topics more germane to development. At least, the SFC program is an
acceptable forum for research specialists to get together to discuss
areas of future scientific collavoration.

B. The following areas are under study through the Science

and Technology Initiative (STI) (nee: Blue Ribbon Panel):

- Tuberculosis (immunological focus)

- Filariasis (immunological focus)

- Blindness (basic research)

= Reproductive physiology (immunoiogical focus)
=~ Malaria (vaccine development)

In all areas except malaria, programs were chosen from
among existing collaborative efforts with both the Indian and U.S.
rosters expanded to include additional well-recognized scientists,
Interestingly, some Indian investigators we visited in this trip
suggested collaborative links were more productive if the scientists
chose their own partners rather than forcing collaboration with
people not known to each other, as was dore in the case of the STI
parnels.
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C. Components of USAID projects which bear on the issue oi
R&TD in health and population include:

- The Maternal Nutrition and Iafection and Infant
Survival Project devotes a significant portion of
resources (approximately 1 million over six years) to
biomedical research. The research will be directed
toward understanding the cause of low birth weight, a
major cause of infant mortality. The science proposed
is state-of-the-art featuring leading experts from
Harvard U., the CDC and the NIH and investigation from
premier Indian medicel institutiomns. This project has
all of the features required to be an excellent
example of biomedical research.

- The proposed Biomedical Research Project will invest
congiderable resources ia the development of rapid
diagnostic technologies, one of the priority areas for
biotechnology identified by the National Biotechnology
Board. This project will also bridge the gap between
BR&TD and utilization im the health system by actually
programming for the interwediate steps leading to
application of the technologies. During project
deriya the disease areas to be addressed by the
research will be chosen from among the list of known
leading causes of infant and young child mortality or
workforce wmorbidity, those areas in which an
investment in research is likely to pay dividends and
which are of interest to the GOI health services ard
the biomedical research establishment.

V. Constraints to More Effective Biomedical R&TD

A. Policies and Procedures

l. Budget Allocations: the overall amount of GOI support
available for R&TD is said to be adequate, although omne gets the
impression the availability of funds may well limit the acceleration
of development-oriented biomedical research. The ICMR budget 1is
apparently better funded than the DST budget because it is an older,
more well-known program.

2. Selary Structure: According to one scientist in a
private pharmaceutical firm, the public sector salaries are inferior
to the private sector silaries. Within the public sector in health,
the rewards in research positions apparently are competitive.
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3. Priority-settiug Process: In the Natiowual Biotech-
nology Board of DST, the initial priority-setting process was a
lengthy (five-year) exercise which effectively reached a consensus
and 1involved a large number of groups. Thare appears to be wide-
spread support in the biomedical research community for the DST list
of priorities for biotechnology.

4. Relevance to Development and Application: The DST
list of priorities is so baalc that the question is difficult to
address. This 1list could relate well to development goals, but the
degree to which the work actuaily applies to development will deperd
on the nature of the undertaking. The jury 1s still out. With
regard to the research programs of the ICMR, many of the research
topics are of {nterest to special interests uand to aca- demics.
Epidemics of Japanese B-encephalitis cause a major stir 1in the
population and politicians are eager for the scientific coxmunity to
respond. Foreign acientific collaborators are eathusiastic to adapt
their new tools to the gtudy of."exotic" disesses. However, many of
the diseases are unot major killers of children. Neverthe- l2es,
identifying specific disease. targets must be a fully coopera- tive
Indo~U.S5. process. Ultimately, AID must be willing to comsider the
judgments of Indian scientists and decision-makers as to whether a
digsease 1is significant or not. The best imsurance for agreement on
the areas for health research 1s a careful, iterative process invol-
ving development and technical experts.

5. Project Approval and Monitoring Process: The only
criticism we heard about the project approval process was the delay
which frequently occurs with ICMR awards. In ome instance the inves—
tigators at All India Institute of Medical Sciences were told their
proposal was approved, but the actual award was delayed so long that
many of the technical staff were forced to go elsewhere to seek em~
ployment. Apparently the delays are due to the vagaries of the ICMR
getting rupees released. The project monitoring process szems to be
lax in terms of technical content. As for financial audits, several
complained about the time required to satisfy GOI auditors. Some
feel the new DST program wonld streamline the reward and mouitoring

process.

6. Policies Regarding Access to Foreign Technology:
Policy appears to encourage broad acquisition of foreign technology
in the biomedical research area as in other areas. Foreign exchange
will reportedly be made available to acquire the technology.

However, there 18 a lack of coeordination between the
relevant GOI administrative units and actual operations. For in-
stance, customs 18 geldom persuaded to facilitzte import of ewen
short-lived reagants. Dr. Ramachandran, Secretary of the National
Biotechnology Board, personally went to the U.S. with $300,000 to buy
critical reagents and supplies for recombinant DNA research. He
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personally cleared them through customs in his baggage so they would
not s8it in customs and deteriorate. The total supply of reagents and
supplies which are available today to the biotechnology network in
India are those reagents Dr. Ramachandran brought back from the U.S.
While this is a nice testimouy to the vigor of the Secretary of the
Board, it indicates that ancillary "policies" and procedures need to
be streamlined.

An active private sector in research reagents and supplies
would greatly enhance development of useful technologies. For
instance, locally manufactured plastic ELISA trays will be required
if this type of repid diagnostic test is to be applied in the health
delivery system. Until such a basic item is availabla locally, no
one will seriously consider developing and applying widely this
simple but elegant test system, Developing a technically useful
plastic for local private sector production might be an appropriate
topic for onme of the CSIR laboratories.

B. Institutional ‘apacity

Staff quality: There are several excellent biomedical
regearch professionals in India. Most work alone; there are few
relatively large concentrations of professionals although there
appears Lo be fairly good communication between investigators. With
the apparent exception of the Central Drug Research Institute 1ia
Lucknow, Post Graduate Institute at Chandigarh and the Christian
Medical College, Vellore, there is seldom wmore than one talented
investigator per centre. Post-doctoral or graduate students serve as
junior 1esearchers (and/or senior technicians). There are few
technicians, but the productive laboratories have a few who were
specially trained inm ctheir labs to a high level of skill. The
requirement for opportunities to be a vieitina dscientist in other
labs abroad and tue need for poat-doctoral traiaing are not addressed
adequately in current programs.

Facilities are adequate but certainly not lavish. For
example, the laboratories with hybridoma cell lines have been able to
develop the elaborate and functional '"clean" rooms required to
propagate tissue cultures without the risk of contamination.
Nevertheless, one is impressed that the quality of research appears
to outstrip the physical facilities.

Equipment appears to be adequate at best. There is every
indication that productivity cannot increase dramatically in most
productive laboratories without additional, improved equipment.
Equipment is not the only limiting £actor, however; trained man-
power, research reagents and other critical elements of the research
laboratory also limit potential increases in productivity.
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Training is one area in which there was virtual consensus.,
All of the Indian investigators mentionmed the need for greater access
to short to mid~term training or visiting scientist opportunities for
themselves and their younger colleagues, Most wmentioned post-
doctorsl, non-degree training as a need,

In & broader perspective, fifteen years ago there were sub-
stantial numbers of Indians studying in the U.S. in all fields,
including biomedical sciences (and through exchange programs, U.S.
students in India). That period produced today's talented group of
productive Indian investigators and many were trained in the U.S.
Since then, there has been a hiatus during which only limited
opportunities for clinical training in the U.S. have been available,
and most of these available ounly on an individual basis.

C. Donor Involvement

4 partial list would reveal the projects of the USG
special foreign curreacy programgé and a likely National Academy of
Science (BOSTID) project through AID's Science Advisor's Office in
respirstory diseases. The International Development Research Centre
(IDRC - Carada) has indicated an interest in working in acute
respiratory diseases at the King George Medical College in Lucknow.
The WHO has several research activities in India including one from
the Tropical Disease Research and Training Program (TDR) with the
Ciba-Geigy research laboratory in Bombay.

VI. Elements of a Ten-year Program Under Various Appreacheg

Key features of the Indian biomedical research field are:

- Success is associated with a few bright and productive
individuals who are located in a variety of laboratories.

-~ There are few coucentrations of productive investigators;
groups are rare.

= A few are acknowledged researchers in the U.S. and
elsewhere; they are part of a network.

-~ By and large, the acknowledged leaders are not active in
areas to be cowsidered of top priority from a developmant
perspective.

- Historically, oupport has come from the ICMR programs;
indeed, many of the leaders in biowedical research work in
the ICMR network of laboratories.



D~-13

- With the exception of the All India Institute of Medical
Sciences, the Christian Medical College at Vellore, the
Post~Graduate Institute and a few others, productive
biomedical researchers are not assoclated with medical
colleges.

- Funding 18 ounly one of several potential counstraiats,
and it ig probably not the most serious onme.

- Indian biomedical researchers cherish the thought of
true collaboration with U.S. {avestigators with whom
they are familliar.

- There is a felt need for younger members of the research
gtaff to train at the post-doctoral level ian the labora-
taries of 17.S. scientific collaboracors.

AID support to biomedical research in 1India should be
disease-oriented and based on the priorities of the Govermment of Iadia
with which AID priorities are congruent. Shared overall objectives to
be achieved are: reductions inm infant, child and maternal mortality;
1a fertility and 1in worbidlty of the labor force. Major biomedical
research subjects that comstrain achievement of these objectives are,
in order of priority: respiratory diseases including tuberculosis;
diarrheal and enteric diseases 1including typhoid; reproductive {immun-
ology and the immunizable diseases; and nutritional anemia.

The support nf priority disease-based research will encompass
research on diagnostic techniques, treatment modalities and the
development of improved or new vaccines. Thus biotechnical research
with particular emphasis on biochemistry and genmetic engineering in the
expanding hybridoma technology for identification of antigens and aati-
bodies 13 basic. The use of these newly derived antigens and aati-
bodies for rapid diagnostic techniques will lead to the next level of
research to be supported, the field trials. Field trials of diagnoatic
techniques discovering morbidity patterns gshould lead to additisnal
regsearch into treatment modalities. This applied research activity
needs constant support of bench laboratory research to disclose new
drugs and unew vaccines. The field trials research ghould enable bznch
research to modify advanced diagnostic techniques to the poiat of
making available simple rapid diagnostic techniques which do not devnend
upon microscopes and expensive equipment for use 1in primary health
centers. The support of blomedical research must be comprehensive,
from the bench to health services.
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The tools for blomedical research wmust be strengthened.
First 1in priority 1is the professional development and training of
Junior and mid-level researchers and of laboratory technicians through
the collaboration of the American and Indian scientific communities.
The Indian community should be enabled to take full advantage of the
numerous American laboratories (umiversity, NIH, private institutions)
that are vigorous in the hybridoma/recombinant DNA -- genetic engineer-
ing -- antigen =-- antibody -~ complex. The rezurn visits of American
Investigators aad lab techalclans to Iudian laboratories for plaanning
conferences and for scientific councils and seminars should be facili-

tated.

Beyond training, the essential tools of equipment and
reagents must be made available inlitially by access through rforeign
exchange but ultimately by the supyort of local production. Doubtless,
local producticn will spontaneously surface with the increase in demand
that should result from strengthening of research capabilities.

The final tool to be emphasized is that of data processing
and maragement {nformation systems; data processing, so essential to
extensive bench laboratory work, and management information syatems, so
essential {n field trials and applied researcn for health services.
Management information systems are a main ingredient 1in translating
biomedical regearch  into effective application through health

services.

It 1s sald that the Seventh Five-Year Plan will include aun
euphasis, within the Ministry of Health and Family Welfare, on enhanced
cooperation between the Research Division of ICMR and Health Services
of the Directcr General's office. Thus, supporting the spectrum of
biomedical research (from the bench to the field) is essentially to be
generated through the MOHFW. Close cooperation between the DS&T and
MOHFW is to be encouraged, if possible, through a shared Grants
Committee wnich would select, award, and monitor research grants.

With regard to funding requirements, the approaches outlined
above will not require a great deal of money {initially: $1.5-2.0
million per year would fund 15-20 {nvestigators. Additional funds
would be needed if training expenses, workshops of collaborators, and
selected equipment and specialized supplies are included.



ANNEX E: INDUSTRY/PRIVATE SZCTOR

I. Overall Development Context

Sistained industrial growth is vital for India if the standard
of liviug of its massive population is to rigse in the coming decades.
Yet the average anrual rate of increase in the index of value added
from the industrial gsector has declined from 6.4% in the i950's to 5.8%
in the 1960's to 4.9%7 in the 1970's.l The pattern of industrial
growth between 1970 and 1982 is shown in Appendix A with the most rzpid
growth being in the beverage, non—elactrical machinery, and electiicity
sub-gectors. Industrial capacity utilization was only 762 in 1982 and
the sector provided about 257 of Net Domestic Product.

The Sixth Pive-Year Plan calls for an 8% 1increase annually ian
industrial production. Growth rates at the mid-term review were well
below this target. World recession and the lack of a coupetitive envi-
ronment in Iandia are key factors im the slow growth of industry. Al-
though the public sector has 44% of the fixed capital, it contributed
only 197 of total value added in 1978/79.3

The Sixth Plan gives speclal priority to basic 1industries:
steel, non-ferrous metals, capital gonds, fertilizers, and petrc-
chemicals. The private sector 1is seen as contributing significantly to
growth in fertilizers, cement, paper, textiles, chemicals, pesticices,
drugs and pharmaceuticals.

II. GOL Objectives, Priorities and Policies for Research and
Technology Development

The Sixth Five-Year Plan recognizes the lmportance of techmnology
to industrial development: "Industrial progress will necessarily depend
upon continued technological excellence; this would call for a judi-
cious blend of permitting import of coantemporary technology, and pro-
moting the development of indigenous know—how through domestic resezrch
and development."a In January 1983, the GOI issued a "Techmnology
Policy Statement.” The document presents a view that places heavy
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emphasis on self-reliance in science and technology. On the issue of
acquisition of technology, it states the following basic principles:

"(a) import of technology, and foreign {investment in this
regard, will continue to be promoted only on a selective
basis where need has been established; technology does
not exist within the country; the time taken to generate
the technology 1indigenously would delay the achievement
of development targets.

(b) Government may, from time to time, identify and notify
such areas of high national priority, in respect of
which procedures would be simplified further to ensure
timely 3-quisition of the required technology.

(e) There shall be a firm commitment for absorpytion, adapta-
tion and subeequent development of i1mported know—how
through adequate investment in regsearch and development
to which iqPorters of technology will be expected to
contribute.”

At the center of regulatory decision-making on technology im-
ports and related foreign investment is the Director-General for Tech-
nology Development (DGTD) in the Ministry of Commerce. This oifice,
walch has over 700 technical officers, reviews proposed projects iavol-
ving any investment over $5 million, technology licensing and R&D, and
capital goods, spare parts and raw material {mports from the standpoint
of (1) the economic impact of the investment; (2) the foreign exchange
rzquirements; (3) the availability and comparative quality of domestic
tachnology.6

Foreign exchange considerations are divided 1into two basic
areas: (1) capital goods and (2) maintenance and raw materials. In
g=neral, no restrictions are placed o1 importation of raw materials
cace plant capacity is in place. Capital goods imports are cleared on
2 case-by-case basis, the principal consideration being whether the
item requested is available 1ia the domestic market. Usually, local
advertisement for 45 days of intentions to purchase are required prior
to approval. An inter-ministerial group on licensing wmay review deci-
cions on issuing of {mport licenses.

The technology import 1issues are reviewed by DGTD staff as to
cvailability of domestic technology; the need for the foreigan techuno-
logy; and the energy, productivity, ewployment and other characteris-
tics of the technology. Major cases or disputes may be reviewed by the
Technology Evaluation Committee, composed of DGTD, DST, CSIR, the
Yational Research and Development Corporation and sometimes outsiders
from the IIS's or IIT's. Neither private nor public industry is for-
r:ally represented on the TEC.
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I1I. Major Current R&TD Institutions and Programe'

Total expenditures on industrial R&D by public and private
groups totaied 19,376 1lakhs in 1980/81 (see Appendix B).7 The pri-
vate sector accounted for 55% of the total and their expenditures were
conceantrated fu chemicals, electrical equipment, drugs and pharma-
ceuticals. Two-thirds of the public sector industrial R&D expenditures
{a 1980/81 were in electrical equipment, telecommunications and defeuse
industries. Industrial R&D expenditures as a whole ~onstitured
approximately 267 of total Indian R&D expeditures in 1980/81.8

The Council of gclenrific and Industrial Research, the Deparzt-—
meat of Sclemce and Technology, the Department of Space, and the
Department of Electronics are principal agencies under the Central
Government conducting R&D in the “{ndustrial” sector. The R&D budgets
of all these agencles have increased gubstantially (at least doubling)
over the past decale (see Appendix C).

The CSIR plays a key role in decisions on technology R&TD and,
through ite position oun the TEC, omn t*echnology import policy. CSIR
controlled about 187 of Central Government R&D resources 1in
1980/81.9 With 1its 38 laboratories, 100 extension centers and
regional stationa and its 4,300 scilentists and 10,000 support techni-
cians, it is a powerful force in the science establishment.lo Major
CSIR iastitutioas are shown in Appendix D.

Industry's view of CSIR 1is cool at best; they are wary about
adopting CSIR technologies without proven demonstrations of thelr
viability or without specific warranties. CSIR is often viewed as an
obstacle to obtaiuning superior foreign technology since it may take the
position that 1ts technology 1is competitive with that being proposed
for import from foreign companies. Several component CSIR institu-
tions, such as the National Chemical Laboratory and the Central Fuels
Regearch Institute, have good ieputations in industry, however.

There are several large, modern corporations ia both the public
and private sectors in India that carry out considerable R&D. One pub-—
lic company 1s Bharat Heavy Electricals (BHEL), which invested about
Rg. 2,000 lakhs 1ia 1980/81 on R&D or roughly 3% of 1its total
sales.-' BHEL has modern research centers at Trichy and Hyderabad,
where work 1is underway oa corl, solar, wind, as well as general power
and electrical equipment. Major private companies involved {in R&D
{nclude Jyoti Ltd. in Baroda and Tata Research in Bombay.

Industry research {ustitutes such as those in the U.S. are
limiteé in India. The largest ones are {n the textiles, tea, jute and
wool ‘ndustries. The engineering {ndustries through thelr assoclation
(AIEI) have an active R&D committee, chaired by the Exscutive V.P. of
Kirloskar Electric Co., a private company {n Bangalorz. AIEL is pro-
viding information to {ts 1,617 members in both the public and private
sectors im R&D registration gschemes, fiscal {ncentives, import faciii-
ties, duty exemption, treatment in licensing, and proformae for appli-
cation and claiming incentives.12 1t has promoted {increased libera-
1ization of technology import restrictions and {ncreased productivity

by its members.

0
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Iv. Current USG Efforts in the Sector

AID in the 1960's spousored programs to foster technological
{rnovation in the private sector but these were not rasumed to any
degree upon 1its returm {n 1978. The current Alteruative Energy Re-
gources Development Project has two components that are aimed at jundus-
trial technology R&D and tachnology transfer. The first compone-t is a
collaborative techunology exchange program in unew cozl technologles he-
tween BHEL and U.S. private companies, working through DOE's Pittsburgh
Energy Technology Center. The second 13 a plarined program of tech-
nology transfer 1in {ndustrial energy comservation technologlies between
the National Academy of Engineering, most of whose members are in the
U,S. private cector, and the &Asezociation of Tadian Engiueering

Industries (AIEI).
SFCA (Special Foreign Currency Acceunt) zctivities involving the
National Bureau of Standards wuay also he urderway with Indian iastitu-

t-ons relating to industrial technology issues.

v. Constraints to R&TD in the Industrial Sector

India has pald a tremendous cost fer its policy of technological
galf-reliance. It is beginuing to realize this fact more gharply as
advances in electronics and computer control systems widen the preduc—
tivity gzap even further. Natioms that have experienced rapid indus-
trtal growth, Japanm, South Korea, and Brazil, have had liberal policies
toward the import of techanology- It is estimated that between 1975 and
1382, 65% of Japanese econounic growth was accounted for by techunolo-
gical progress. During that period, Japan gigned 32,000 contracts for
technology imports worth $9 billion.l3 While comparable data are not
available for India, between 1957 and 1982, 7,211 foreign colla~-
borations were approved. Only 639 of these collaborations iavolved
equity participatinu. The U.S. accounted for 1,416 of the collabora-
tions. 14  Apout 3,000 technology licensing agreements have been
cigned over the past WO years. 15 India also had 319 R&D
collaborative agreements it f.rce 1n the industrial area as of
-980/81. Of these, 73 or 234 = .2 with the United States, largely im
the areas of industrial machinery, electronics, and chemicals.1

The counstraints to {ncreased technology ilmports and a larger,
nore effective domestic {ndustrial R&D effort are many. Some of the
nore lmportant include:

-- the protective and non-competitive enviroument that Indian
companies, many public companies to begin with, operate ia;

-— the low returns to investment {n gome sectors due to govern~
meat price controls;
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== the unreliability of power and infrastructure bottlenecks
that lead to poor utilization of capital and labor and
wasteful use of energy;

== the small sales volume of most Indian companies that makes
the establighment of laboratories and R&D centers unafford-
- able; (see Appeudix E);

-- the domestic market orientation of most firms that removes
the drive to compete in the international market;

-~ the prohibition against majority-owned foraign companies
that makes U.S. and other foreign companfes reluctant to
invest and lose control over their technologies;

-~ the non-restrictive licensing provisious generally required
(1.e., technology brought 1in under license cannot be re-
stricted exclusively to the Indian market);

-=- the low ceiling (generally 5%) on royalty payments (calcu-
lated on basis of actual production plus 25% minus “standard
brought out” items and 'landed' cost of imported items) nlus
the 40% tax that 1s added;

-~ the overspecialization of the CSIR system aud the absence of
effective methods for understanding the technology needs of
industry;

-- the 1ilmportant factor of trained managers to understand the
process of technological chaunge and adaptation;

-- goue feeling that duration of patent protection (as short as
three—to—-geven years) has limited R&D investment.

VI. Sactoral Program Elements

The basic conclusion reached 1in this brief review of the overall
environment for industrial technology transfer and R&D cooperatiou 1s
that the key 1ssue for Tndlian industry 1is not research and technology
development 1in the strict gense of the term, but rather policy chamuges
allowlng easier access to forelgn technology and the proper adaptation
of the technology to 1Indlian plant counditiouns. A Business India
article rightly argues that India needs to: (1) import technology on a
large scale; (2) create the 1infrastructure for the adoption and
development of the 1mported technology. A U.S. program approach to
support these objectives would focus on (a) the technology needed to
improve productivity and the requisite policles to promote 1ts adoptioi:
at both the macro and specific industry level; (b) improving capacit;
of management of technological innovation and R&D at the firm and plant
level; (c) 1mproving technological capacity in the private AS&E
community; and (d) reform and rationalization of the CSIR system sc 1t
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is wmore responsive ¢to 1industry ueeds. 17 Two areas of significant
potential in this regard are energy conservation and industrial pollu-
tiou. 1India does not have adequate techmological capacity 1in these
relatively new arcas which are critical to lmproved productivity and
sustalined {industrfal development. U.S. companies, particularly small
ccompanies, may be laterested in tie-ups.

Finally, a specific option that might be fruitful to explore 1is
tte establishmeut of a program in the uanagement of technology 1innova-
tion with the Assoclation of Indian Engineering Industries at their
scou~to~be completed headquarters building in New Delhi. The Secretary
of AIEI 1indicated a strong desire of the members to strengthen rela-
tions with the U.S. and belleved management training was an area for
pctential collaboration.

A reasonable cost for this ssctor program would be about $10-20
willion over the ten—year period.

These options could be linked to, or combined with (in whole or
ir part), current proposals to establish a revolving fund of PL 480-
generated local currencies 1in the form of a bilateral 1industrial
research and development foundation or a similar mechanism.
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FABLE--9

INDUSTRIAL R&D EXPENDITURE BY INDUSTRY GROUPS EROM 1978-79 TO 1930 81

S Industry groups Pubhc scctor © Private sector Tota
No e _ -
No of R&D enpendiure (Rs lakhs) No. of R&D expenditure (Rs. lakhs) No of R&D expenditure (Rs. lakhs)
units o VNN 042 11 £ e ——  urnuls  ___

1976-79 197980 1980 81 197879  19/9-80 1980 81 197879 197980 1980-81
1. Metatlurgu al Industnes B 272 vl 51777 736 32 29 337 42 SR276 554.78 37 v 4 07653 1300.20
2 Fuels 3 53v 29 608.06 /91.01 5 a3 92 17 121.07 8 638 21 12596 G12.(R
3. Boiers & Steam Generating Plants — - - - - - - - — - —
4. Prime Movers (Other than Flectrical Generator ) -- - — - 47 soQ 116.07 17550 4 83 11007 1755
5. Electival Equipment 9 255 69 37522 267.33 97 435 121285 140523 106 121924 i5880% 1772.%
6. Telecommunicaticns 3 80267 108342 121376 8 153 98 223 00 21i 56 11 55695 130942 184532
7 Transportason 1 09 G4l .14 16 61082 8130 113699 17 £41 74 a8 41  1137.09
8. Indusirui Mocimery o 155707 20693 220 1R 32 a3 N 423592 72452 ¥ 211018 261735 293400
9. Machme Tools 1 3277 39 1} 22 Bl 13759 idd 53 34 15 5 172.31 199 15 22515
10 Aynicultural Machinery 1 1201 63 57 37400 1 235 8% 23331 28: 78 K 28336 2°3838 21.78
1. Earth Movng Machinery - - - - i 135S PR .G i 13.9% 3262 .00
2. Misc Mech Engineeri.g Indus mes 2 6.4 1957 25 63 3 374 g 08 2229 5 16 14 3558 &5 7]
13, Commeraal, Qlix.2, Household Equpment - - .- - ) 2548 %3 .89 5. & 2503 039 L
14, Medical & Surgxal Applances 1 530 580 7.75 2 i} 10 L= .65 1 16.6 17.69 18.61
i5. Industral Insituments 2 7743 50.06 4312 18 AL i8.g 115 0% 25 12377 L2685 265.13
16, Scientfc Intrruments — .- — - g 358 1223 1531 “ 835 72 15.31
17. Math. Surveying & Drawing Instrunw s — - - —_ - - - - - - — -—
18. Fertdizers 4 355872 322750 345.24 3 B 622 49.72 7 37128 %89z 43495
19. Chemncals (ciher than Fertilizers) 'S 8509 26733 23528 0% 183022 1677.35 1T AS I 181531 1MeBs 2026.77
20. Photographix Saw Fim % P.per i e 35 02 5530 — - - — 1 3380 42 55.00
21. Dyestufls — - - - il 21371 29103 37321 1 21377 /13 371330
22, Drugs & Phamaceutxcals 2 209 1!} 266 39 197.56 35 88388 112344 138739 37 108499 138982 1563 85
23, Taxtbes (Dyed, Printed, Processed) — - - -- 21 317 3 141 87 4203 18 21 31704 44147 420.16
23. Paper & Pulp fincl. Paper Products) 1 3c. 354 547 12 16128 99 50 j44.34 137 188735 N30 149.81
25, Sugar — -- 5 9GS 11.63 37.70 5 XS 1i.63 37.70
26. Fenmentation Industnes — — - — — - — -~ - — —_
27. Food Processig Industries — - - - 6 5027 11i.54 16G 45 [ .27 i1} 54 1860.45
Z8. Vegetable Ods & Vanaspati —_ — — - 3 821 11.59 850 3 521 il 59 19.50
29. Soaps, Cosmeiws, Toilet Preparations — — - — 7 261.35 27997 298.98 7 261.35 27697 255 .98
30. Rubber Gouods 1 3.42 3.76 355 4 19,32 167.59 22117 5 149.74 171.35 22513
31. Leather, Leather Goods & Pickers — - — — .- — - - — - - —
32. Ghie & Gelann - - — - .- — — — — - — —_
B Glass - - — — 3 17 56 1904 2332 "3 17 56 1904 2342
M. Ceramics - — . 9 14889 13115 13566  © 9 14889 13115 13566
35. Cement & Gypsum Products - — - — 2 3638 41409 207.37 2 36380 41409 207.37
36. Timber Products - - - 2 16.60 11.09 10.40 2 16.60 11.09 10.40
37. Detence Industries 7 122785 152042 242946 - - - — 7 122785 152042 2429.46
38. Miscellaneous Industries 3 30.08 17.17 7491 10 9375 92 45 12997 13 13143 10962 20983
Total 62 551B.60 7341.17 898327 470 7587.52 9214.57 10393.43 532 13100.12 16°55.74 i937p 70

Scurce: Data compiled by DST.
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TABLE—3

Appendix C

EXPENDITURE ON R&D BY SOURCE AND BY PERFORMER FROM 1976-77 TO 1960-81 AT CURRENT AND CONSTANT
PRICES WITH 19%0-71 AS THE BASE

sl. Year Expenditure on R&D by source Expenditure on R&D by performer
No. (Rs. Crores) iRs. Crores)
at current &t constant at current at constant
prices prices orices prices
1. 1976-77 379.07 2.4 374.16 224.46
2. 1977-78 436.64 253.20 430.62 %72
3. 1978- 542.68 309.27 528.60 301.30
a. 1979-80 649 47 a2 638.54 319.27
5. 1580-81 715.08 321.75 701.19 315.53

Note:— For working out R&D expenditure at ¢ *nstant pnces, GNP price deflators have been used.

Source: — Data compiled by DST.

TABLE—4

R&D EXPENDITLRE 3Y MAJOR SCIENTIFIC AGENCES UNDER THE CENTRAL GOVERNMENT

Sl. Name R&D Expenditure (Rs. Lakhs)
No.
195859 1969.7., 192374 197677 1978-79 197980  1980.8!
1. Department of Atomic Energy 775 ¢4 2072.06 2445 A2 5831.7¢4 608232 6781.46 7623.24
2, Councl of Scent:fic and
Indusinal research 509 94 1868.07 2500.77 4125.71 5592.39 591899 728179
3. Defence Research and
Development Organmaton 150.00 1454.39 A8.97 5065.00 6678.61 9662 .91 7970.00
4. Indian Council of Agnculture
Research 372.29 1377.08 2408 .42 3739.24 5603.56 7739.81  6599.27
5. Indian Counci of Medical
Research 50 50 15636 170.0C 423.00 533.54 598.50 84202
6. Department of Science
and Technology 2.13 73.88 213 67 1121.20 2389.83 2603.56  3537.3¢
7. Department of space — - 19 22 3392.45 4887 74 442113  52708¢
8 Department of electrom:s - - 97.53 422.01 511.47 750 25 43138
Total 1880 74 7001 .54 13174.21 24620.35 31945.46 3847661 395558t

Source: — Data compled by DST.
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more expenditure, wt sh means $0.3 miilion of expenditure
approximately. Industrywise the diatribution is as follows :

Table VIt
Distribution of R&D Units (Industry-wise)

Appendix E

Total Units (with Rs. 25 (2) a0 % f (1)
lakh or more R&L)

Chemi:als and Phormecauticals 187 E2 31.1
Taxtilas 26 7 28.0
Miacellanecus 83 22 34.3
Electricols snd Electronics 158 24 18.5
Mechanicai Engineering 107 29 271
Ceramics 10 3 30.0
Matallurgical Enginesring Z0 4 20.0
Paper 17 1 6.9

Total ; 584 142 26.2

Source : Scienufic & Technolngic~l tnexitutions in India, Dapartment of
Science & Tachnology. 1981, .21 t237.

Eightaen of these incurred R&D axpenditury of Rs. 1 crore or
more ‘n 1980-81, 5 af tham hav.»s spent more than Rs. 2 crore
cach. Similarly, of tha 296 Scientific and Techrological institu-~
tions under the Central Gevernment, 133 incurrad Rs. 25 lakh or
more expenditura in 1978-30, Twenty of these are puk'ic sector
undertakingas. Oniv eleven of the 154 Scientific and Techno-
logical institutions under State Governments incurred durirg
1978-798/1979-80, Rs. 26 lakh cr more R&D expenditure. During
1980-81, 11 public sector undertakings spent mora than Rs. 1
crore each on A&D, 5 of them Rs. 5 crore or more and 2 of them
Rs. 10 crore or more,

2.13 While all this is encouraging, indian R&D would, for quite
some time, be primarily or:ented to absorbing the tachnology that
is imported, improving raw materials, cutting down snergy con-
sumption and the i.ke or as would facilitate greater de-packaging
of imported technology ard not orientud to “frontiine’’ rasearch,
A policy of defensive R&4D has to be distinguished from compaeti-
tive R&D. Japan. which had paia $9-10 billion for the irnport of
technology, ‘was utll recently only interested in absorbing the
imported technology, innoveting if at all, in a minor way. Having

16
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ANNEX G: LIST OF PERSONS INTERVIEWED

ADMINISTRATIVE STAFF COLLEGE (OF INDIA, HYDERABAD

Mr. M. Narasimham. Principal
Mr. B. Bowonder, Chairman, Center for Euevgy,
Environment and Technology;

ALL INDIA INSTITUTE OF MEDICAL SCIENCES

Dr. H. D. Tanden, Director
Dr. G. P. Talwar, Director, indian Institute of Immunology

ALL INDIA RICE RESEARCH PROJECT

Dr. R. Seetharaman, Project Director

CENTER FOR POLICY RESEARCH

Mr. Pal Panandeker, Director

CENTRAL WATER COMMISSION

Mr. Pritam Singh, Chairman
Mr. H. S. Krishnaswamy, Member
Mr. Gokhul Prasad, Member

COMMISSION ON ADDITIONAL SOURCES OF ENERGY

Dr. M. Daysl, Additional Secretary

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH

Mr. G. S. Sidhu, Director Gemneral
Mr. K. N. Joshi, Head, International Collaboration Unit

DANFOSS (INDIA)

Mr. J. C. Kapur, Chairman

DEPARTMENT OF COMMERCE

Mr. Abid Hussain, Secretary
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DEPARTMENT OF ECONOMIC AFFAIRS

Mr. S. Sundar, Joint Secretary
Mr. J. S. Baljal, Additional Secretary
Mr. K. A. Krishna Moorthy, Under Secretary

DEPARTMENT OF ENVIRONMENT

Dr. T. N. Khoshod, Secretary

DEPARTMENT OF NON CONVENTIONAL ENERGY SOURCES

Mr. B. Y. Swarup, Secretary
Mr. 5. R. Faruq, Joint Secretary
Mr. Ramesh Grover, Joint Secretary
Mr. Ajit Gupta, Principal Scientific Officer
Dr. Suwita Kandpal, Joint Secretary
Dr. Sumita Handpal, Joint Secretary

DEPARTMENT OF SCIENCE AND TECHNOLOGY

Dr. S. Varadarajan, Secretary
Dr. M. M. Dayal, Chief Energy Advisor
Dr. J. Dhar, Deputy Director, International Cooperation
Dr. Ramachandran, Deputy Director
Dr. Manju Sharma, Director

DEPARTMENT OF TECHNICAL DEVELOPMENT

Mr. Satya Pal (Former Diroctor General)

ENERGY INDIA

Rabindra S. Grewal, Managing Director

FEDERATION OF INDIAN CHAMBERS OF COMMERCE AND INDUSTRY

Dr. D. H. Pal Panadlker, Secretary General

FENNER INDIA

P. C. Sud, Executive Director

FOOD aND AGRICULTURE ORGANIZATION

Mr. J. G. Rumeau, Representative
Mr. Hans V. Hend, Agricultural Economist



FORD FOUNDATION

Dr. Lincoln Chen, Representative
Dr. Peter Bentley
Dr. Robert Chambers

FOUNDATION TO AID INDUSTRIAL RECOVERY

Dr. S. Ramachandran, Director
Dr. N. C. B. Nath

U. P. GARRET CORPORATION

Dr. John Fallen

HINDUSTAN AERONAUTICS LTD.

Dr. Roy Choudhury, Consultant

HINDUSTAN PREFAB LTD.

G. K. Majumdar, Chairman

INDIAN AGRICULTURAL RESEARCH INSTITUTE

Dr. H. K. Jain, Director

INDIAN COUNCIL OF AGRICULTURAL RESEARCH

Dr. 0. P. Gautam, Director General
Dr. R. M. Acharya, Deputy Director General
Dr. N. S. Randhawa, Deputy Director General
Dr. P. N. Rau, Secretary
Dr. Manaraj Singh, Deputy Director General

INDIAN COUNCIL OF MEDICAL RESEARCH

Dr. Badri Saxena, Deputy Director General

INDIAN INSTITUTE OF FOREIGN TRADE

Mr. Vithal Babu, Deputy Director General
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INDIAN INSTITUTE OF IMMUNOLOGY

Dr. G. P. Talwar, Director

INDIA INSTITUTE OF SCIENCE, BANGALORE

Dr. D. Sen Gupta, Professor, Electrical Engineering

INDIAN INSTITUTE OF TECHNOLOGY

Dr. K. S. Gopalakrishnan, Deputy Director
Dr. P. D. Grover, Professor of Chemical Engineering
Dr. S. S. Mathur, Director, Center for Energy Studies

INSTITUTE OF MARKETING MANAGEMENT

Dr. Jagjit Singh, Secretary General

INTERNATIONAL CROPS RESEARCH INSTITUTE FOR THE SEMI-ARID TROPICS

Dr. L. D. Swindale, Director General
S. P. Ambrose, Principal Government Liaison Officer
Dr. C. R. Jackson, Director for Internatiunal Cooperation
Dr. J. S. Kanwar, Directcr of Kesearch

INTERNATIONAL DEVELOPMENT RESEARCH CENTRE (OTTAWA)

Mr. Ashok Desai, New Delhi Representative

MINISTRY OF AGRICULTURE

Mr. C. L. Bhatia, Inspector General for Forests
Dr. Nilu Chatterjee, Program Economist
Dr. N. J. Joshi, Deputy Director General of Forests
Mr. J. R. Saha, Director, International Cooperation Division

MINISTRY OF ENERGY

Satish Chandran, Secretary of Power
Lin Laddha, Joint Secretary
Kamalahar Mishra, Joint Secretary
D. S. Ramesh, Joint Secretsary
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MINISTRY OF HEALTH AND FAMILY WELFARE

Mr. S. S. Sidhu, Secretary
Dr. D. B. Bisht, DLirector, General lealth Services
Mr. R. P. Kapoor, Additional Secretary
Mr. C. V. S. Mani, Additional Secrectary
Mr. S. K. Sudhakar, Joint Secretary
Mr. S. K. Syiem, Director, U.S. aAlded Project

MINISTRY OF IRRIGATION

Mr. M. G. Padhye, Secretary
Mrs. Shovna Narayan, Under Secretary
Ms. Priya Prakash, Joint Secretary
NAGALAND
Rajinder Singh Bedi, Chief Lialgon Officer

NATIONAL BOTANTCAL RESEARCH INSTITUTE

Dr. H. C. Chaturvedi, Scientist-in-Charge,
Tissue Culture Laboratory
Dr. G. S. Srivastava, Director, Hydre-Carbon Plans, and Head,
Plant Introduction and Acclimitization Techniques

NATIONAL COUNCIL FOR APPLIED ECONOMIC RESEARCH

Dr. I. Z. Bhatty, Director General
Dr. Anwar Alam, Agsistant Director General

NATIONAL COUNCIL OF POWER UTILITIES

Mr. J. C. Shah, President

NATIONAL INSTITUTE OF COMMUNICABLE DISEASES

Dr. A. M. Raichowdhury, Director

NATIONAL INSTITUTE OF HEALTH AND FAMILY WELFARE

Dr. Somnath Roy, Director
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NATTONAL PRODUCTIVITY COUNCIL

Iy

{r. V. Raghuraman, Director, Fuel Efficiency

PLANNTING COMMISSION MEMBER FOR SCIENCE AND TECHNOLOGY

Dr. M. K. Menon

PUNJAB AGRICULTURAL UNIVERSITY

Dr. Sukhdev Singh, Vice Chancellor
Dr. K. S. Gill, Director of Research

RATL INDIA TECHNICAL AND ECONOMIC SERVICES LTD.

R. Parthasarathy, Managing Director

ROORXE INDIA

Dr. Thapar, Director, Mianl Hydro Center

RUPAL ELECTRIFICATION CORPORATION

M. Venkataratnam, Chairman
N. K. Jangalwa, Techunical Director
N. Svriram, Finance Director

TATA ENGCINEERING RESEARCH INSTITUTE

Mr. R. K. Pauchari, Direator

UNIVERSITY CGRANTS COMMISSION

Mrs. Madburi Shah, Chairperson

VALLABHAT PATEL CHEST INSTITUTE

Profesgor A. S. Paintal, Director
Dr. A. K. Prasad. Virologist

WORLD BANK

Mr. Richard G. Grimshaw, Chief, Agriculture Division





