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FOREWORD

Research resourcesin agriculture are becoming inadequate in meeting
the complex challenges, at both macro-and micro-levels. Thesituation
was different in the past when the research resources were growing
at thenational level, and the statesfollowed the suit. Therefore, there
was not much concern to systematically compile and document these
resources at different levels across commodities and regions. The
routine financial reporting used to be donefor public expenditure.

In the past, all ocation of research resources has been done based onthe
subjectivejudgment, which largely relied onthe knowledge of research
managers. Thisproved well inthe past to meet the challenges, including
food security. The scenario has completely changed now. New problems
have emerged at theregional, national and global levels, thesearemore
complex than used to bein the past. These need to be documented and
supplemented adequately by additional information and detailed analyss.
This could not be done due to lack of quantitative information on
deployment of research resourcesin the national agricultural research
system.

ThisPolicy Paper containsvery useful and rareinformation on different
dimensions related to allocation of research resources in Indian
agriculture. For thefirst time, acensusof agricultura scientistshasbeen
done to assess the allocation of research resources across different
agricultural disciplines, commoditiesand regions. The paper aso contains
deployment of human resourcesby activitiesand commodities, whichis
expected to beuseful intheir optimal alocation for improving research
efficiency.

The Policy Paper isthe part of the National Professor scheme, which
was led by Professor Dayanatha Jha, and co-piloted by Dr Sant
Kumar. Unfortunately, before publication of this remarkable
contribution, the first author left for heavenly abode, after a brief
illness. Till hislast breath, Prof Jha used to discuss the outcomes of
theresearch and itsimplications on future directionsfor all ocation of

vii



research resources. | pay my heartfelt homageto him. | congratulate Dr
Sant Kumar for hisactive participation inthe study and bringing out this
Policy paper.

| am suretheoutputs of thisuniquestudy will goalongway in providing
broad guidelinesin enhancing efficiency of research resourcesto meet
thedaunting challengesin Indian agriculture.

(PK. Joshi)
Director



PREFACE

It wasremarkablethat apoor society likeourswasableto createapublic
research and education system which not only becameamodel for the
developing world, but, inlessthan ageneration, paid itself many times
over. A grateful society lent its full support to agricultural science
administratorsand planners. Resourceswerenot anissue, and the need
for aserious study on research resource allocation wasnot felt.

The situation changed by the end of the 1980s. Public resources came
under severe stress. At the sametime, evidence started accumulating on
faltering productivity growthinthegreenrevolution areas. A view emerged
that despite R& D investments, production in many regionsand sectors
waslanguishing. Agricultura research and technology cameunder sharper
scrutiny and 'reforms werecalled for. A number of external andinternal
reviewswere undertaken to addresstheseissues.

Inthisenvironment, thelndian Council of Agricultural Research (ICAR)
approved a study entitled ‘Resource Allocation for Agricultural
Research’ aspart of the National Professor Project assigned to thefirst
author in July 2000. Scientific manpower in agriculturewaschosen asthe
indicator of research resource and amassiveinventorization of scientific
manpower in agriculturewasthe starting point of thisexercise. Thisreport
presentsthe results on quantitative and qualitative aspects of scientific
manpower, and analysesthe current pattern of alocation of theseresources
from different pergpectives. Thisisthefirst study of itskindinthecountry.

Dr H K Jain, Dr Mruthyunjaya, Dr PK Joshi and Dr Suresh Pal, have
reviewed the manuscript critically and offered val uable suggestions. We
are very grateful to them. Remaining errors and omissions are our
respongbility.

Thelist of our supportersand cooperatorsisvery largeanditisnot possible
to acknowledge them individually. We must, however, mention afew

individudsandingdtitutionswhosehd pwasinvauable. Wearevery grateful
to ICAR which provided the research grant and other | ogistic support.



Dr R SParoda, Dr Panjab Singh and Dr ManglaRai, Director Generas
of the Council over the past few years, provided all encouragement.
Dr SL Mehtaand Dr JCKatya, Deputy Director Generas(Education),
ICAR and their saff, particularly Dr B SBisht, administrated this project
andtheir hdpwasinspiring. All administrators-Vice-Chancellors, Directors
and Senior Officersof agricultural research establishmentsin the country
helped in conducting the census of agricultural scientists. Without their
help, and participation of more than 22 thousands scientists, the study
could not havetaken off. They deserve credit for whatever worthwhile
hasemerged.

TheNational Centrefor Agricultural Economicsand Policy Research
(NCAP), New Delhi, has been our home, and its Directors,
Dr Mruthyunjayaand Dr Ramesh Chand have been specidly attentiveto
the needs of the project. Dr Sant Kumar, Scientist at the Centre was
seconded to the project specificaly. All other faculty and staff of NCAP
have been apart of our team and we are grateful tothemall.

Finally, our core team over this period comprised Dr Surabhi Mittal,
Dr Parveen Gulia, Dr Laxmi Joshi, Dr Sanjeev Garg, Sharad Natha Jha,
Anil Kumar and Rita Chopra. Their unstinted efforts can never be
adequatdly acknowledged. Therewashighturnover of professond project
staff during the past couple of yearsand thiscaused atimeoverrun during
find andlysisand report writing. But theseindividuadsvoluntarily lent their
timeeven after formal closureof the project. Weremain grateful tothem.

DayanathaJha
Sant Kumar
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EXECUTIVE SUMMARY

This study has been undertaken to (a) provide an inventory of
agricultural research resourcesinthecountry, (b) sudy theadlocation
profile of these resources, and (c) examine the scope for
readjustmentsto improve resource-use efficiency. Public resources
dominatethe agricultural research scenario overwhelmingly. There
has beenincreasing concern regarding efficiency in recent yearsand
reformsfigure prominently inthefuture agendaof theNARS. This
study isaquantitative contributionin thisareafocusing on the status
and deployment of research resources. Thisisthefirst assessment of
itskind in the country and wasfunded and supported by the ICAR.

Scientific manpower wasused astheindicator of research resourcein
thestudy. Suitabledataon financia resourceswerenot available. For
thispurpose, acensusof agriculturd scientigsinadl agriculturd research
establishmentsinthe country — public, privateand non-governmentd
establishments, was conducted during 2001-02.

Thecensuscovered 21,869 scientistsworking in 564 establishments.
The public system accounted for 96 per cent of all scientists, the
SAUsadoneemployed 63 per cent, followed by 20 per centinICAR.
Morethan 78 per cent of theingtitutionsarein the'other' public and
private categories, but these (mostly) small entitiesclamonly 17 per
cent of total scientists. A large number of grassroot level NGOsand
KV K s support adaptive research effortswhich are less scientist-
intensive. Theinfant private sector appearsto have concentrated on
building research-base and infrastructure. It employed 4.3 per cent
of total scientists, but accounted for more than 10-12 per cent of
total research investment at theturn of the century. Itispoisedto
grow rapidly now.

Thecensusreveded high skill levels, particularly inthel CAR- SAU
component of the system; 70-76 per cent of the scientistshold Ph.D.
degreesand have 17-18 years of research experience. Inall, 116
disciplinesarerepresented inthescientific cadre, and thedisciplinary
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diversty hasincreased over time. 'Other’ public and privateinditutions
havelower quality indicators. There are someworrisome pointson
thequality front. Thefirst relatesto relatively high average age of
scientists, particularly inthe SAUsand | CAR whereone-third of the
scientistsareinther fifties. The other point to noteisthat the | CAR-
SAU system has become top-heavy. Only 43-45 per cent of the
scientists are in the bottom rung. Both these factors arise from
restrictiverecruitment policiesin publicingitutionsand have adverse
productivity impacts.

The scientist numbersreduced to 10,350 full-timeequivaent (FTE)
scientistsinthe country. Evenintheseterms, theIndian agricultural
research system compareswiththelargestintheworld. Thesenumbers
convey theimpression of adequeacy at theturn of thecentury. However,
two points need to be noted. First, the expected rate of attritionin
the SAU-ICAR system over the next decadeishigh and thenumbers
arelikely to eroderapidly. Secondly, these systems have experienced
stagnation or declineinthe past decade. Boththesefactorsaso arise
fromrestricted recruitment of scientistsin pursuance of government
directives. Thispolicy doesnot auger well for thefuture.

The censusfocused on agricultural scientistsand naturally the data
on participation and time allocation to different activities showed
aresearch bias. Teaching/training and extension ranked second
and third, respectively. The average time-all ocation percentages
were 47 for research, 27 for teaching/training, and 15 for
extension. In teaching-oriented institutions like SAUs and the
deemed universitiesunder ICAR, aswell asat grassroot level
units, thetime allocated to research isrelatively lower. Scientists
inICAR researchinstitutes and private research units spend most
of their time on research. The datarevealed that 9.5 per cent to
15.1 per cent of scientists timein variousingtitutionswasall ocated
to administrativefunctions.

The commodity profile of research resources showed that crops,
livestock, and fisheriesresearch claimed 80 per cent, 15 per cent
and 5 per cent of the total commodity research in the country,
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respectively. At thedecentralized levels(SAUsand 'other’ public)
and asoin privateingtitutions, the cropsdominated even more. The
SAUsarethemajor suppliersof crop and livestock research and
ICAR playsthisroleinfisheries. Asthenationa arm of publicR&D,
thelatter isexpected to bridge the gaps. It has played animportant
rolein strengthening fisheriesand livestock research. With meagre
resources, the other ingtitutions — 'other' public and private — did
not figure prominently.

Detailed analysis of 15 major commodity groups revealed that
research on foodgrains ranked first (30 per cent), followed
by horticulture (28 per cent), livestock (15 per cent), asshownin
Figure 1. Together with oilseeds, fibres, commercial crops and
fisheries, these claimed 98 per cent of national research resources.
Among participants, foodgrainsreceivegreater attentionin SAUsas
do fruitsand vegetabl es and oilseeds. ICAR hasfocused moreon
fisheries, livestock and tuber crops. Theprivate sector hasanarrower
commodity focusand haslittlefisheriesand livestock research. 'Other
public' ingtitutionswhich are mostly downstream institutions, focus
more on cereals, plantation crops, fibres, livestock and medicinal/
aromatic plants. Thereport has also provided data on individual
commodity sharesin cereds, pulses, vegetables, fruits, oil seeds, fibres,
livestock, and fish groups.

Percent

Fig. 1.0. Allocation of research resources across major commodity groups
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Results on resource-orientation revealed that nearly 35 per cent
of research resources were focused on germplasm. This was
followed by agro-chemicals (26 per cent) and soil/water research
(21 per cent). Morethan 55 per cent of the resourceswere devoted
toraising the productivity of natural resources. Materia resources
(agro-chemicals, power/machinery) atogether claimed about one-
third of the resources. The rest was spread over socio-economic
and other resources. Therearedifferencesamong ingtitutionswithin
thisbroad pattern. ICAR, for example, givesmore emphasi sto soil/
water and power/machinery research, and SAUsemphasizemore
on agro-chemicd. 'Other’ public and privateingtitutionslean heavily
on germplasmresource. Thelatter al so prioritize power/machinery
research.

Regional pattern of research resource alocation wasalso studied
in terms of 15 major agro-climatic zones of the Planning
Commission. Though the main rational e of agricultural regional
planning wasto tail or research and other investmentsto optimize
thelir potential, thisexercise showed that research resourceswere
not related to physical or even the economic size of the zones. The
Gangetic Plainsand the coastal zoneswhich have beenleading the
country intermsof agricultural performance, claimed 40 per cent
of research resources. Rainfed, semi-arid, arid, and hill zoneslagged
behind. Fifty per cent of the national research resources are
presently targeted hereto addressthis problem. The other important
finding wasthebaancing roleof ICAR investmentsin zond research,
even though stateinstitutions are the major determinants of zonal
research capacity.

Theprioritiesof thefour mgor R& D playerswerereveaed by the
importance (ranking) assigned to different alternatives. Non-
parametric testswere used to assess differencesbetween ingtitutions
inthisregard. Commodity prioritiesof ICAR and SAUswerein
tandem, but those between central and decentralized units (‘other
public' and private) weredifferent. SAUsbridged thetwo — one
focusing on nationa and the other dealing with local problemsand
markets. Resource-orientation of al publicingtitutionswasfoundto
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besmilar, but that of privateresearchingitutionswasdifferent. These
findingsdifferentiateand vaidatetherolesof centrd, state, local and
private R&D ingtitutions. The ICAR sets the trend; the SAUs
participatein the nationa agendaaswell asintegrate with grassroot
leve publicand privateingtitutions.

Findly, analys sof resource-useefficiency indicated theneed for some
adjustmentsin alocation of resourcesto different commoditiesand
agro-climatic zones. It was shown that resources need to be added
to cereals, vegetables, fibres, livestock, and condiments/spices,
drawing resources from other commaodity groups. Similarly, the
Lower-Upper- and Trans-Gangetic Plains, Eastern and Southern
Plateau and Hills, East Coast, Gujarat Plainsand Hill zonesneeded
greater attention. Thisanaysiswas static and it was cautioned that
theresultsshould beinterpreted asindicative and more appropriate
for guiding incrementa (plan) resources.

Someimportant policy messages have been drawn from thisstudy.
Firg, theneed tojack up researchinvestment has been emphasi zed.
Low capital intensity constrains research productivity and it is
premature to hope that private capital will and canfill thisvoid.
Second, induction of younger scientistsand rationdi zation of thetime
allocation profile arethe hidden avenuesfor raising the scientific
manpower input for research. Third, the basi c concept of anetwork
of central, stateand other local ingtitutionshasbeenvaidated interms
of therolesthey play. Fourth, thetimeisnow opportunefor shifting
investment attention to state and grassroot-level institutions. The
disparity in support between central and statesinstitutions must be
overcome. Findly, thedia ogueon public-privaterolesinagricultura
R&D has now to move beyond partnership. Clear domains of
comparativeadvantagearebeginning to emerge, andthepublic system
must respondtoiit.
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Chapter 1
INTRODUCTION

Background

A mgjor shift occurred intheagricultura devel opment ideology duringthe
early 1960s. Improved production technol ogy, supported by apackage
of complementary policiesand programmes, becameitspivota component.
Thisbrought agricultura researchtothe centrestage. Indtitutional changes
wereaffected and publicinvestment in agricultural research wasjacked
up significantly to augment research capacity acrossthe board. Successive
Five-Year Plansaswell asexterna assistance provided theresourcesfor
thisup-scding and transformation. Private R& D investment hasa sogrown
in agriculturein recent years, thanks to more conducive policiesand
economic environment. Asaconsequence, investment inagricultural R& E
exceeded Rs 25 billion in the beginning of the new millennium (Pal and
Byerlee2003). Morethan 22 thousand agricultural scientistsspread over
avast network of ingtitutionsin the public (central and state) and private
sectorswereemployedinthenationa agricultura research sysem (NARYS)
intheyear 2001.

Investment intensity rosefrom 0.2 per cent of agGDP during the early-
1960s to about 0.5 per cent in the 1990s (Jha and Pal 2003, Pal and
Byerlee2003). This, however, remainsaway below theglobally acceptable
investment norms and even lower than the averagefor all devel oping
countries. Inrecent years, investment growth has been hampered by the
poor state of public finances. Eventhough policy pronouncementsaccord
high priority tothisinvestment, itisnot reflected infinancial allocations.
Thishasbeenamgjor concern of agricultural research administratorsin
the public research system.

Ontheother hand, research needs are escalating. The green revolution
technol ogiesarerunning out of steam, renewing our anxietiesonthefood-
security front. Non-sustainability of intensive systemsthreatensthefuture
prospectsfurther. Thereare concernsthat despite R& D investmentsin
agriculture, productivity growthislanguishingin severd food commodities



and regions. Economic liberalization poses new opportunities and
chdlengesand so dothenew devel opmentsin frontier sciences. Nutritiona
security, changing cost-pricerel ationships, niche situations, etc. generate
more and varied demand for agricultural research. All these are over-
shadowed by theimperativeof achieving unprecedented agriculturd growth
inthe near-termto meet overal economic growth targets. Fulfilling these
growing and diverse needsfrom theincreasingly constrained natural
resource-base and research budgetsisthe challenge. Added to these has
been the growing concern regarding organi zational and management
deficienciesinthe public agricultural R& D system (NAAS2002). Most
of theagricultural R& D isinthe public domain and it isnecessary that
each research-rupeeis spent efficiently. Thesecircumstances providethe
rationalefor astudy on research resourceallocation.

In classical economicstradition, areallocation of research resourcesto
high priority themesraisesoveral research productivity fromtheexisting
bundleof resources. Implicitly, such effort hasbeen going oninthenationa
agricultural research system* . The main focus has been on prioritizing
research themes and programmesin view of the current and emerging
problemsof the sector. TheNARShasunparaleed knowledgeintechnica
dimensionsof Indian agricultureand isuniquely placed to articul ateits
research needs. Availability of adequateincremental (Plan) resourcesin
the past enabled expansion of research capacity inlinewith priorities. In
recent years, thesefundshave becometighter. This, aswell asdackening
tempo of productivity growth has drawn attention towards rigorous
prioritization, reallocation of research resources, and O& M reformsto
ensure efficient use of resources (ICAR 1998, Pal and Byerlee 2003).

L eadersof the national research system haverespondedin several ways.
There is now a thrust on internal resource-generation through

* Over thelast decade, | CAR has undertaken reviews of the All-India Coordinated
Research Programmes (ICAR 19973), Regional Research Stations (ICAR 1999), and
scientific strength of various research units (ICAR 2000). Messages have also
gone down the system to review the on-going programmes and redefine priority
themes (ICAR 1998). Individua research units of the ICAR have undertaken in-
depth planning exercises. Severd state agricultural universitieshave also undertaken
suchreviews(PAU 1998, GBPU 2001).



commercialization of research output and services. Second, improving
theefficiency of the systemisnow receiving agreater emphasis. New
HRD initiatives, operationa cost support, straightening bureaucratic and
procedura impediments, etc. areamongst the examples. Third, serious
attempts are being made to exploit complementarities through inter-
disciplinary and inter-institutiona collaborations. Fourth, proactive steps
have been taken to encourage the private sector investment in agricultura
research and this sector isexpanding rapidly. Finally, some redundancy
has crept into the system and research resources have remained locked
into pursuitsand themeswhich have ceased to berelevant or important
(Chandrashekharaand Ganeshaiah 2003). Itisbelieved that thereisscope
for raising efficiency through redepl oyment of research resources. This
study hasattempted aquantitative and analytical contributioninthisarea,
focusing on the status and depl oyment of research resources.

Objectives

Thisstudy ison deployment of research resources. Scientific manpower,
materia inputs, andingtitutionsarethecritical researchresourcesinindia;
inthisstudy, thefocusison scientific manpower resource becauseitisthe
maost important resource. Theingenuity of humanmind has timeand again,
overcome other constraints. It isaso most amenableto being trackedin
detail.

Inkeepingwiththeunfortunatetradition of public departmentsinthecountry,
manpower data are reported only for administrative purposes at the
departmentd/unitleve. Thereislittleinformeation regarding their deployment
by activities (programme, commodity, resource, region, etc.) below this
level. Without suchinformation, resource-all ocation decisions often suffer
from subjectivity and unwarranted continuity over time. Thegateof affairs
isbestillustrated by thefact that there are no firm estimates of eventhe
number of scientistsinthepublic agriculturd R& D system! No nationd or
evenregiona manpower planning exercisehasever been conducted.

Such databaseisthefirst requirement for any anaytical study onresearch
resource allocation. Only then canissueslike needs, gaps, duplication,



redundancy, etc. be examined. Thefirst objective of thisstudy wasto
generatethisinformation. Aninventory of scientific manpower engagedin
agricultural research wasthe starting point. These datawere collected
during 2001-2002. An attempt was madeto cover al thecentra, stete,
private, and NGO indtitutionsengaged in agricultura research. Apart from
quantitativeindicators, quditativedtributesared soimportant determinants
of scientists' productivity. Such an assessment wasal so attempted. This
database, which providesasnapshot of research resourcesat the beginning
of the new millennium, will serveasabenchmark for thefuture.

Datacollected fromindividual scientistsincluded information ontime-
allocation profileand their research thrust. The current allocation profile
of research resources could be derived from these. Thiswasthe second
magjor objective of thisstudy. Estimateswere generated for alocation by
commodities, mgor resourcegroupsand agro-climatic zonesof thecountry.
Individual researchers(Evenson and Kidev 1975, Ranjitha1996, Traxler
and Byerlee 2001) have used research output indicators to apportion
expendituredataamong commodities. Thisstudy hasused adirect research
input indicator which hasnot beentried earlier onthisscae.

Redeployment implicitly assumesthat thereisanormative pattern of
allocation, which will maximizetheimpact of scarceresearch-resources.
In other words, prioritization isapre-requisite and the basisfor efficient
resourceallocation. Thisisacomplex task becauseresearch hasmultiple
goasand these could bein conflict. Uncertaintiesin research, timelags,
spill-over effects, datainadequacies, etc. further complicatetheissues.
Such decisonsareawaysmade, but making thetrade-offsexplicit makes
the processtransparent. Formal analytical approacheshelpinthisregard.
Thethird objective of the study wasto undertake such aprioritization
exercise. Earlier attemptsin deriving normative all ocation patterns (Jhaet
al. 1995, Kelly and Rayan 1995, Birthal et al. 2002, Mruthyunjayaet al.
2003) have been partia, and none hastaken the next step of relating these
with the existing research resourceallocation. Thisstudy isthefirst such
attempt at the national level and proposesreadjustments. Thisanalysis
will help futureresearch-resource allocation decisons.



Themagjor objectivesof thisstudy are summarized asfollows:

° To devel op adatabase on the current status of scientific manpower
inagricultural researchin the country and its major quantitative
attributes.

° To generateinformation on deployment of scientific manpower
resourcesintermsof major R&D activities, and specifically, its
alocation amongst commodities, resourcesand agro-climatic zones.

° To examinethe congruence between the current research resource
allocation and anormative pattern based on sectoral objectives,
and to examine readjustment possibilities.

Thisreport isorganized asfollows. Chapter 2 providesan overview of
thenational agricultural research system and setsthe stagefor presenting
thefindingsof thisstudy. Detailsof dataand analytical approachesare
provided inthe next chapter. The next three chapterspresent resultsbased
on analysis of scientific manpower data— Chapter 4 describes the
scientific manpower datain quantitative and qualitativeterms; resource-
allocation issuesare presented and analysed in Chapter 5, and Chapter 6
assesses the rationality of the present alocation profile and broad
readjustment opportunities. Themgor findingsand conclusonsfromthis
study arehighlighted inthelast chapter.



Chapter 2
OVERVIEW

Review of issues

Thedawn of thetwentieth century witnessed initiation of agriculturd reseerch
and educationin Indiaunder thecolonia government. By mid-1920s, the
provincid departmentsof agriculture had assumed responsbility for local
research and agricultura education. Thelmperid (later Indian) Council of
Agricultural Research (ICAR) wasestablished in 1929 asanational body
to co-ordinate, guide, and support thiseffort and other initiativesof the
central government. This pattern persisted through World War 11.
Accelerated effortstook place in the later years, as several research
ingtitutionsand variouscommodity committees/boardswere created under
the central department of agriculturewith proactive support from ICAR.

Agricultural extensonemerged asthedominant R& D strategy intheearly-
Independence phase. The underlying assumption was that improved
technologieswere available on the shelf, and that the main task wasto
extend theseto farmers. Thenational extenson serviceand later, intensive
agricultural digtrict/areaprogrammes sought technol ogica upgradation of
Indian agriculture. However, the agricultura crisispersisted through the
1950sand early 1960s. A consensus devel oped regarding the need to
strengthen technical and human resource backstopping for education,
research and extension at the state level through the state agricultural
university (SAU) system. A massive set-up was created over the next
decade. Thiswasapart of the‘ new agricultural strategy’ enunciatedin
the early 1960s, which assigned central role to the generation and
adaptation of new seed-fertilizer technology for cereal production and
backed it with the needed incentives, institutionsand investments. The
| CAR wasreorganized and assumed adirect rolein agricultural research
and education. It initiated, funded, guided, and managed anew phase of
centrd initiativesembracing research, education, and frontline extension.
Table2.1 showstheevolution of publicingtitutionsat the central and sate
levelssince Independence. Some of thesewereembodied ininstitutes,
laboratories, and universities; otherswerein theform of multi-disciplinary,
inter-institutional coordinated research programmescalled All-India
Coordinated Research Projects. Thistableadsoillustratestheincreasing
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diversificationin commodity research and thefocuson natural resources
and regional capacity creation. It a so demonstratesthat the system has
been proactiveand hasinitiated | ead action to minimizeresearch lags. For
example, horticulture, livestock, and fisheriesresearch received aboost
during the 1970s and 1980s, even before the growth in these sectors
accel erated. Research on natural resourcesand regional gapsaso gained
ground inthe 1970s. The International Agricultural Research Centres
(IARCs) have been active partnersin the national endeavour al through.

Theculmination of al thisisshownin Table2.2. It presentsthe current
statusof public R& D effortsin the country under central and Sateaegisas
well aspublicly supported grassroot level voluntary bodies. In addition,
there are ingtitutions in central departments of agriculture, CSIR,
biotechnology, fertilizer and chemicals, commerce, etc. which also
contributeto the national effort through dedi cated research institutes or
research programmes.

The private sector has been a late starter. Its entry began with
liberalization of the seed sector in mid-1980s and picked momentum

Table 2.2. Status of public agricultural research sysem in India, 2004-05

Institutions Number

Central
National Institutes (Deemed Universities) 4
Central /Other Institutes 43
National Bureaux 5
Project Directorates 12
National Research Centres 31
All-India Coordinated Research Projects a1
Central Agricultural University 1
Krishi Vigyan Kendras 491
Zonal Coordination Units 8

State
State Agricultural Universities 33
Agricultural /Zonal Research Stations 343*

* Includes 126 zonal research stations
Source: ICAR (2005), and Ghosh (1991)
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inthelate 1990s asincentivesfor private (both domestic and foreign)
investment in R& D improved. Already the number of private players
hasbecome significant and in some commodities, privateresearch plays
an important role (Pal and Byerlee 2003). Thisis expected to gain
ground rapidly.

Resources for research

Theresearch resource-mix comprisesthe human, materid, and inditutiona
components. Trained and specialized scientists, well-equipped labsand
experimenta farms, necessary technical and other support services — dl
arewoventogether ininstitutional and organizational structuresaround
targeted research programmesand projects. From I ndependencetil | about
mid-1990s, agricultural R& D wason expans on path and it wasnot difficult
toraiseresources. The*greenrevolution’ generated support at thenationa
aswdll asinternational levels. Investment and scientific manpower grew
substantially and researchingtitutionsand programmes proliferated at the
central aswell asstatelevels(Table2.1). We began talking about one of
thelargest nationd agricultura research systemsintheworld.

Thefiscal crissof the 1990s changed theinvestment scenario. Evidence
onfaltering productivity and stagnating production potential prompted a
morecritical stance onthe part of policymakersand managersof public
funds. Ideaslike prioritization, resource generation, resource-sharing,
privatization, economizing, and efficiency, gained ground in policy
discussions. Inthewake of worsening finances, the state system became
critically dependent on | CAR and externd grants. Theformer hasresorted
toreallocation (ICAR 1997b), economizing (ICAR 1997a, and ICAR
1999), inter-ingtitutiona collaboration, external assstance, and restraints
onrecruitment.

Over most of thelast 40 years, therewasnot much concern for resources.
Consequently, therehasbeen no officia attempt to systematically compile,
analyze and document research resources at either the central or state
level, except aspart of routinefinancia reporting for public expenditures.
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Even these are not easily accessible for states*. During each Plan
preparation phase, thereisfocusonincremental resourcesfor fresh starts
to beinitiated during the plan period. Themassive non-plan component is
rarely scrutinized. Severa specia projectsfor research monitoring were
initiated during thisperiod but thesedid not yield thedesired information
onresourcesor their deployment.

Thecredit for compilation of researchinvestment datagoestoindividual
researchers(Mohan et al. 1973, Evenson and Kidev 1975, Ranjitha1996,
Pal and Singh 1997, Pal and Byerlee 2003). It has been estimated that
R& E expendituresgrew inred terms (at 1999 prices) fromRs 2.7 billion
in early-1960sto Rs 25 billion by the end of 1990s (Pal and Byerlee
2003). Table 2.3 givesthetriennium average dataand growth rates.

Table 2.3. Public investment in agricultural R&E (at 1999 prices)
Year (TE) Total R & E Share of states  Expenditure as

expenditure (per cent) per cent of

(Rs million) agGDP
1971 6073 (8.6)* 69.2 0.32(4.7)*
1981 8007 (1.9) 525 0.40 (1.3)
1991 13528 (5.2)* 56.6 0.45(1.7)*
2000 20773 (4.0)* 50.5 0.50 (0.6)
CAGR
(1971-00) 4.4* - 1.4*

Figures within the parentheses are growth rates for the preceding decade.
* Growth rates are statistically significant.
Source: Jhaand Pal (2003)

Researchintensity dsoincreased sgnificantly. Contrary to theexpectation
that state (local) indtitutionswould gain moreimportance over time, Table
2.3and Fig. 2.1 depict increasing centralization — the share of statesin
the total R& E investment has fallen from 69 percent in 1971 to 50.5
percent in 2000. Local ingtitutionshavefailed to emergeasmaor players
and supportersof agricultural R& D. Thishas been amajor weakness

* The | CAR reportsaggregate expenditures and human resourcesinitsannual reports.
I|ASRI has started reporting SAUs expenditures since early-1990s (IASRI 2004).
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Fig. 2.1. Public expenditure on agricultural research and education
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which has not been well appreciated. The central system continuesto
pressfor and obtainincremental resources. Stateseither do not bother or
lack capacity to arguetheir case. Thisdynamicscan only be understood
inapoalitical economy framework. Such astudy isurgently needed.

Table2.3 a so supportsthe point made earlier regarding stressed resource-
environment in recent years. There hasbeen adecel eration of growthin
both absol ute investments and research intensity which have remained
practically stagnant. Table 2.4 showsthat while central investmentshave
stayed more or less on course, the decel eration has been very sharp for
the states and the decadal growth rates have been very unstable.

Table 2.4. Growth in R&E investments (at 1999 prices)

CAGR (Per cent)

Time period

Centre States
1961 - 1970 10.6* 7.9
1971 - 1980 6.8* -1.3
1981 - 1990 3.9* 6.2*
1991 - 2000 4.9* 3.3
1971 - 2000 4,9* 4.0*

* Statistically significant at 1 per cent level
Source: Pal and Byerlee (2003)
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A significant devel opment over the past decade has been the growing
importance of private sector. It now accountsfor nearly 13 per cent of all
agricultura R& D expenditure (Pal and Byerlee2003). Thisisexpected to
grow rapidly. Theimplicationsof thishave so far been discussedinterms
of complimentarity and partnership (Pd et d. 2000). Themoresubstantive
issues of comparative advantage and selective domainsremain to be
tackled. Thesewill emerge sooner than later.

Human resour ces

With respect to scientific manpower resources, thedatastuationisworse.
Sectoral reviewsof theresearch system undertaken periodically (ICAR
1988, Gol 2005) havetresated thiscasualy and selectively. Theassumption
of adequacy and abundance has been so pervasivethat any scrutiny has
not been considered worthwhile. Infact, aspart of the nationa driveto
reduce the size of the government, thereis practically aban on fresh
recruitment of agricultura scientists. Ironicaly, neither ICAR nor SAUS
have presented afactual and analytical case contesting thisposition.

Though authoritative data on scientific manpower resources are not
available, officia pronouncements(Randhawaet al. 1992, ICAR 2000)
and early studies (Pardey and Roseboom 1989) do convey theimpression
of adequacy. By late-1980s, morethan 19 thousand agricultural scientists
were estimated to be engaged in the public R& E system (Pal and Byerlee
2003). Thereareno numbers, but recent assessments consistently reveal
adeclinein scientific manpower inthe state system (NAAS 2002.). Even
thel CAR wasbarely ableto maintain the numbersthrough early-1990s,
essentially because of thedeclining leve of entry-leve scientists(Fig. 2.2).
Thishashappened despite escd ation in theresearch and education agenda
and isacause of concern.

Deficiencieshave cropped up onthequalitative front also. These create
inefficencies. Functiond dlocation and management of financid resources,
level, mix, quality, and management of human resources; bureaucratic
rigidities; lack of trangparency and severd other areashavebeenidentified
invariousreviewsof ICAR and SAUs (ICAR 1988, Randhawaet al.

15



Fig. 2.2. Growth in scientific manpower in ICAR
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1992, ICAR 1998, NAAS 2002). There is consensus that these are
holding back research productivity (Jhaet al. 2004).

Allocations

Sincethebeginning of organized public research, research resourceshave
been created and alocated onthe basi s of perceptionsregarding itsvalue
to the society. Theresearch system began with afocusonimproving crop
and livestock productivity. Thisinitiativeof thecentra government expanded
through provincia departmentsof agriculture, and pers sted asanimportant
component in the ICAR (Jha 2001). Colonia trading interests were
identified early on and research on export and commercia cropsbecame
thefocusof attention at thefederal level (Evenson and Kidev 1975, Jha
2001). Since Independence, research on foodgrai ns production occupied
the centre stage, athrust which persisted through the 1980s. Even today,
food security and itsqualitative dimension isacore concern.

Extensonwasthemain R& D strategy during the 1950s. Theassumption
wasthat improved technol ogieswere availablewith the central and state
research establishments, what wasneeded wasitsdisseminationtofarmers.
Thenational extension servicewashbuilt andintengified. Thisdid not make
the expected impact and priority shifted againto research and education
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in the mid-1960s. The high-yielding varieties programme, al-India
coordinated crop improvement projects, and state agricultura universities
condtituted thecoreR& D initiativesunder the’ new strategy for agricultura
development’. Thispaid high dividendsand ushered inthegreenrevol ution.
Over time, neglected cropsand regionswere emphasized in theresearch
agenda. A revamped extension programme (T& V) aso followed. In
research, natural resource management and high-income sectors(livestock
and horticulture) gained importance. These are the thrust areas now.
Attention hasd so shifted to amore science-intensivetransfer of technology
and ‘ development’ component (e.g. KVK, IVLR ATIC,ATMA, TAR,
and SREP), and greeter rolefor non-governmental voluntary organizations
inexecution of such grassroot-leve initiatives. Resources have broadly
followed these policy trends.

Aspart of the planning exercise, resourceallocation decisionsare made
every fiveyears. Thishasbeen aconsultative processwhich usesjudgement
of knowledgeable scientistsregarding current and emerging problems,
prospects and opportunitiesin science. Such asubjective allocation of
research resources served the system well in the past; the overarching
research goa of increased productivity contributed effectively to severa
nationa objectives. A number of evaluationsshow high ratesof returnto
researchinvestmentsand a so significant contribution to poverty reduction
(Alstonetal. 2000, Fan et al. 1999). The scenario has become complex
now and the process of resource alocation needsto be supplemented by
moreinformationand analyss.

Thishas been hampered by lack of quantitative dataon deployment of
research resources, at both ICAR and SAU levels. There has been no
inditutiona effort andindividua reseerchershaveresorted tousing scientific
publications dataasindirect indicators of research resource alocation
(Mohan et al. 1973, Evenson and Kislev 1975, and Ranjitha 1996).
Ranjithaswork showed that over the period 1965-92, there were changes
inthecommodity-wisedlocation profileof agricultura researchin ates
aswdl asnationdly. Shenoted ashift fromtraditiond cered cropstowards
horticultural crops, pulses, oilseeds, spicesand medicinal plants. The
regional distribution of research effortsfor major commodity-groupswas
also shown. Ad-hoc attempts have been made (Jhaet al. 1995, Birthal
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et al. 2002 and Mruthyunjayaet al. 2003) at the national level to establish
normativeallocation profiles, but noinditutiond initiativetointegratethese
inthe planning process hasemerged. An attempt was made under NATP
(ICAR 1998), but thisdid not explicitly figurein theall ocation plansfor
national resources. The Tenth Five-Year Plan exercisefor agricultural
research (ICAR 2001) remained traditional initsapproach, focusing on
research gaps and incremental investment needs, based on scientists
judgement regarding these parametersaswell asinstitutional strengths
and weaknesses. Thereiscriticism that the resource-allocation profile
shows persistent biasesin terms of commoditiesand regions, neglect of
evolving market opportunities, and other critical weaknesses. Ontheother
hand, it hasbeen argued (Jha2001) that iningtitutiona and historica terms,
the public research system has been responsive to the emerging needs
and stressesin both commoditiesand resource sectors.

Research resource allocation based on more analytical articulation of
prioritiesisthe need of theday. The recent initiative on establishment of
PME cdllsat researchingtitutionsisintended toimprovethesituation (Pal
and Joshi 1999). Ideaslike constraintsanalysisdo help in deciding the
research agendaand itsprioritization (De Dutta 1981, Widawsky and
O’ Toole 1996, Ramasamy et al. 1997, Joshi et al. 2003), participatory
researchtoimproverdevanceand adoption (Hall et al. 2002, Meer 2002).
IVLP, SREP, ATMA and other initiatives contribute to thisand are
expectedtodrive R& D efforts, particularly at the decentralized levels.
Thisstudy on current deployment of research resourcesis expected to
contribute to decisions aimed at improving allocation and research
efficiency at the macro level.

18



Chapter 3
DATA ANDMETHODOLOGY

Scientific manpower data

Dataon scientific manpower in agricultural research are not available
systematicaly. Aggregate numbersarereported for the| CAR; for SAUS,
other government institutions, or the private sector, only sporadic and
partia dataareavailablefrom occasiona studies. Eventhe CSIR directory
on scientific manpower (Gol 1997) hasincomplete coverage. Withregard
to attributes of scientistsand their deployment, dataare practically non-
exigent.

Compiling scientific manpower datain agriculturewasthe primary task of
thisstudy. A census of al agricultural scientists in the country was
conducted for thispurpose. An exhaugtivelist of establishmentsengaged
inagricultural research was prepared. Thiscovered government, private,
and non-governmenta organizations. A compact questionnairefor individud
stientisiswasdevel oped, coveringindtitutiona affiliation, important persond
and professional particulars, timeallocation by major activities, and their
researchfoci intermsof commaodity, resource, and agro-climatic region
or zone (Annexure 3.1). It was pre-tested and finalized. Responseswere
solicited fromal ingtitutionsby the Director Genera of ICAR, whowrote
to all the heads of institutionsexplaining theimportance of the study and
seekinginput fromal scientists(Annexure 3.2). A nodd scientist wasaso
identified fromeach largeunit to ensureand certify full coverageof scientists.
March 2001 wasthereferencetimefor reporting and the survey continued
through 2001 - 02.

A scientist wasdefined asan employeeonroll on April 1, 2001, whowas
engaged inR& D activitiesand had at |least aM aster'sdegree. Scientistsin
research management positionswereincluded in the census but thosein
technical and support positionswere not. Research associates/ research
fellowswere aso not included. Theass stant professor/scientist level was
the starting point in the public sector, and the private-sector scientists
wereadjusted accordingly.
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Effortsto cover dl theunitspers sted through 2002. Scientistsresponded
in batchesand often after repeated follow-ups. Datareceived fromal the
scientistswerecertified by loca noda functionariesfor completenessand
then verified, cleaned, coded, categorized, and computerized by the project
staff under constant supervision. Thiscongtituted the core of the scientific
manpower dataused inthisstudy’. Table 3.1 summarizesthiseffortin
termsof ingtitutiona coverage.

Table 3.1. Agricultural institutions and scientists in the census

(Number)

Particulars Units Units Scientists

approached responded responded
Public sector 743 447 20921
a) ICAR 98 98 4539
b) SAUs 32 32 13633
¢) Other public 613 317 2749
Private sector 494 17 948
All units 1237 564 21869

Source: ASC (2001-02)

Among publicinstitutions, the census coverage was completefor the
| CAR-SAUs, thedominating agriculturd researchingtitutions. 'Other’ public
institution was adiverse category which included research unitsin other
government departments, KVKs, and other non-governmental
organizations (NGOs). As Table 3.1 shows, only about half of the units
approached in this category responded inspite of persistent efforts. The
proportionwaseven smaler for the privateinstitutions. It was presumed
that non-responding unitswereeither extension or marketing unitsand did
not havearesearchrole.

Other data

Secondary sourceswere extensively used. Annual Reports and other
publicationsof |CAR werethevaluable sourcefor providing background

(T hese data al ong with necessary documentation are availablewith Dr Sant Kumar,
Scientist, NCAP, New Delhi-110012.
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and other information. Publicationsof the Directorate of Economicsand
Statistics, Union Ministry of Agriculture, Planning Commission, Central
Statidtica Organization, and other indtitutionswerefrequently used. Severd
other researchers also shared their data liberally. These have been
acknowledged wherever appropriate.

Analysis

Classification

Groupingsand datatransformationwere needed to makethelarge data set
presentable. The564inditutionswerecategorized intofour groups — ICAR,
SAUSs, 'other’ public, and private sector. The scientistsrepresented more
than hundred disciplines. Similarly, the commodity spread covered 157
items and 26 resources were reported by the scientists. These were
grouped further for the purposes of anaysisand presentation. Table 3.2
shows these aggregate groupings. Annexures 3.3.1, 3.3.2 and 3.3.3

providedetailed listing of individual items. All theresultsand analyses
presented subsequently follow these classifications.

Timeallocation

Scientistsdon't devoteall their timeto research. They aso participatein
teaching/training, extens on, and Sometimesin management/administrative
functions. These are perceived asintegrated components of theR& D
system and draw strength from each other. When measuring ascientist
unit, itiscustomary to useafull-timeequivaent (FTE) unit, which reduces
the individual scientist unit in pure research equivaent (Pardey and
Roseboom 1989). Thisisobtained as.

FTE=0Onescientistunit X Timeallocated to research

Dataontimeallocation were directly obtained from each scientist and
thesewere used for therequired transformation”. Table 3.3 depictsthe

O For 82 scientists (about 0.37 percent of the total) time allocation data were not
reported. Most of these were from the SAUs.

21



Table 3.2. Classification of disciplines, commodities, resour ces, and

agro-climatic zones

Particulars  Groups Particulars Groups
1. Disciplines  Crop Sciences, 2.Commodities  Ceredls, Pulses,
Horticulture, Vegetables, Fruits, Tubers,
Natural Resource Plantation Crops, Flowers
Management, and Ornamentals,
Engineering Medicinal and Aromatic
Sciences, Pl ants, C(_)ndi mentg/
Animal Sciences, Spices, O|_Iseeds, Fibres,
Fisheries Commercia crops, Fodder,
. . Trees/plants, Livestock,
Socid Sciences, Fish
Others
3. Resources  Germplasm, Soil/ 4. Agro-climatic  Western Himalayas,
water, Agro- regions* Eastern Himaayas,
chemicals, Lower-Gangetic Plains,
Power/ Middle-Gangetic Plains,
Machinery, Feed/ Upper-Gangetic Plains,
fodder, Human/ Trans-Gangetic Plains,
Eastern Plateau/Hills,
Central Plateau/Hills,
Western Plateau/Hills,
Southern Plateau/Hills,
East-coast plaing/hills,
West-coast plaing/hills,
Gujarat coast plaing/hills,
Western dry, Islands
* Ghosh (1991)

Table 3.3. Distribution of agricultural scientists and full-time
equivalent (FTE) units

Particulars Total Scientists FTE scientists
Number Per cent Number  Per cent
Public sector 20921 95.6 9794 94.6
a) ICAR 4539 20.7 3069 29.7
b) SAUs 13633 62.3 5810 56.1
¢) Other public 2749 12.6 915 8.8
Private sector 948 4.3 556 5.4
All units 21869 100.0 10350 100.0

Source: ASC (2001-02)
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number of scientistsand the computed FTE researcher units. A comparison
of scientistssand FTE numbersin different categoriesrevealsthat ICAR
and privateresearchingtitutionsgainimportance asresearch entities. This
followsfrom differencesin time-all ocation profiles (see Chapter 5).

Allocation over commodities, resources, and mgor agro-climaticregions
has been examined in this study. These three dimensions are usually
integrated in aresearch project and it is not possible to isolate them.
Therefore, each researcher’'stime cannot be exclusively attributed to any
onedimension. A whest breeder, for example, workssmultaneoudy ona
commodity (whest), aresource (genetic materia), and usudly for agpecific
agro-climate. Thesedimensonshavetherefore, been trested independently
for anaytica purposesand resultsarereported separately. Table 3.4 shows
thisdistributionintermsof FTEs.

Table 3.4. Distribution of FTE scientists by commodity, resource,
and regional research focus

Particulars Commodity Resource Region
Public sector 7921 9402 9794
a) ICAR 2630 2808 3069
b) SAUs 4560 5736 5810
¢) Other public 731 858 915
Private sector 291 556 556
All units 8212 9958 10350
(79.3) (96.2) (100.0)

Figures within the parentheses are percent to total FTE (Table 3.3)
Source: ASC (2001-02)

Thepoint made aboveisborneout by theresults. Morethan 79 per cent of
the scientistshave aclear commodity focus, 96 per cent areableto specify
aresourcefocusand dl identify theregiond-orientation of their work. Private
sector researchersreved |ower commodity-orientation (about 53 per cent
of totd FTE), but thisarisesfrom the classification structureadopted inthis
study. Commaodity groupingisconfinedto crops, livestock and fisheries
only. Agro-chemicds, drugsand vaccines, and machinery areincludedin
theresourcegroup and alarge part of private research relatesto these.
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Allocation

The above exercise generated dataon FTE unitsall ocated to specific
commodity, resource, or region. For scientissswhoindicated multipletargets
(commodities, resources, or regions), it was not possibleto precisely
allocatetheir research time. Equal apportionment of timewasused asan
approximation. Summarized results on the existing pattern of research
resource allocation are presented in Chapter 5.

Underlying these all ocation results are the decisions of knowledgeable
researchers, research managers, and policymakers. Thisisacomplex
processwhich usesasubjectiveand highly interactive processtaking into
account multipleobjectives, opportunities, availability of research resources,
and other constraints. More quantitative and analytical tools are also
available now for assisting this process. Economists have comeup with
various approaches (Norton and Davis 1981, Jhaet al. 1995, Kelly and
Ryan 1995). In thisstudy, asimple congruence analysiswas used which
linksresearch resourceswith output growth objectiveat thenationd leve.
The congruity index (Cl) wasmeasured as.

n

CI=1-YR-V)

i=1

where, V, istheshare of theith commodity intotal vaueof output (VOP)
and R isitscorresponding shareintotal researchinvestment measuredin
termsof scientific manpower resources (FTE). Anindex value of unity
implies perfect match between the two. Under some simplifying
assumptions, research resource allocation in congruence with VOP
maximizesreturnsto research investments. This hasbeen attempted to
examinetherationality of alocation over commoditiesand agro-climatic
regions. Other non-parametric tests of congruence (Spearman rank-order
correlation, Kendall's coefficient of concordance) werea so employedto
compareadlocation profileof different organizations(ICAR, SAUS, 'other’
public and private). Dataon VVOP of commoditieswere obtained from
the National Accounts Statistics and records of Central Statistical
Organization of Government of India(Gol 2004). Thisstudy wasbased
on 80 commodities and studied both congruity and optimum all ocation
profile. Early studiesby Jhaet al. (1995) and Mruthyunjayaet al. (2003)
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attempted only optimum allocation and were based on 68 and 80
commodities, respectively.

Research a so contributesto other national objectiveslikesustainability,
equity, trade, nutrition, etc. These also figure in resource allocation
decisions. Inthisstudy, asmple scoring model wasused following Jhaet
al. (1995) whichtriestofactor inthesevariables. Thefactorsconsidered
weregrowth, equity, sustainability, and value-addition/exports; thesewere
assigned weightages of 0.40, 0.10, 0.25, and 0.25, respectively. The
contribution of each commodity to each of thesegoalswasscoredonal
to 5 scaleand acomposite scorewasthen computed for each commodity.
Thiswas used to adjust the VOP sharesto generate the final baseline
(FBL). Thestepsfollowed in quantifying impact while constructing the
FBL aresummarized below:

()  Modified basdline
B, =[1+{My | Max(My)} x W; ]| Bi

(i)  Find basdline
B, = (B, /iB;)xloo

=1
where,

B/ = Modified basdlinefor theithcommodity

M, = Datafor jthmodifier for theith commodity

W = Weightagefor jthmodifier

B, = Initid basdlinefor theith commodity

B, = Find basdineforith commodity based onjthmodifier with positive

direction
i= 1,............. ,ncommodities
= L, mmodifiers

The FBL-sharethus represents an optimum profile based on multiple
objectives. Comparing these with the FTE-shares indicated needed
adjustmentsin the current resource alocation.
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Other analysis

Summarization and presentation of dataa so caled for additional andyses.
For example, regress on analys swasusad to explaininter-ingtitutevariation
innumber of scientistsinl CAR, and factorsexplaining variationsintime
alocated to research. Themode sand variablesused have presented dong
withtheresults.

Datalimitations

Thestudy suffersfrom several dataand analytical limitations. Some of
theseareindicated below:

* Conceptually, R&D involvesall processesfrom generation to final
adoption of thetechnology by end-users. Accordingly, al institutions
including extension services should be studied. Thisstudy had aresearch
biasand included only thoseinstitutionswhich had thisrole, though we
have often used theterm R&D. A large number of research-qualified
professondsarein extenson, marketing, credit and other fields. Thestudy
excluded themaso.

* Research resource allocation is a dynamic process. Continuous
adjustmentstake placeto factor in emerging research needs. Time-series
dataand analysisare needed to capture thisdimension. Thisstudy has
provided aone-point snapshot and hasignored the dynamic adjustment
Processes.

* Thisisthefirst study of itskind for the NARS and time and resources
available necessitated a sel ective approach to data collection. Emphasis
has been given to comprehensive coverage of scientific manpower rather
thanin-depthinvestigation of causal variables.

* Assessment of research resources hasbeen derived from this perception
of individud scientists. Thisissubjectiveand imprecise. Thisisaggravated
by indirect method of data collection, apportionment, imprecise
classfication, missing indtitutions/scientits, etc.
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*The congruence or scoring models employed provide only broad
indications. Optimizationimpliesnot only multipleobjectivesbut a so other
attributes of research like gestation, uncertainties, cost of research, spill-
over effects, etc. Anin-depth analysisof resource all ocation should cover

these aspects.
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Chapter 4

INVENTORY OF SCIENTIFIC
MANPOWER RESOURCES

Compiling an inventory of current scientific manpower resourcesin
agricultural research wasthe core objective of thisstudy. Thischapter
presentstheresultsof thiseffort. Thefollowing sectionsprovide estimates
of scientific manpower anditsmagjor attributes.

1. Magnitude

The censussought to cover dl agriculturd scientistsinthe country in 2001-
02. Assuch, it providesabasdlineat the start of themillennium. Table4.1
presentsthetotal number of ingtitutionsand scientistscovered inthe studly.

Table 4.1. Agricultural research units and scientists in NARS

Particulars Number Scientists/ FTE
Institutions Scientists Institution scientists/
institution
Total public sector 439 20825 a7 20
a) ICAR 0] 4443 49 A
b) SAU 32 13633 426 182
¢) Other public 317 2749 9 3
Private sector 117 948 8 5
All units 556 21773 39 19

*Excludes scientistsin 8 Zonal coordination units & |CAR headquarters
Source: ASC (2001-02)

Table4.1 putsthetotal number of scientistsin the country at about 22
thousand in 2001-02, of which nearly 96 per cent arein the public sector.
Thel CAR-SAU system accountsfor only 22 per cent of institutions,
but employs 83 per cent of scientists; the SAUsa one account for more
than 63 per cent. Thereisalarge number (78 per cent) of small ingtitutions
belonging to ‘ other’ public and private categories. The* other’ public
category isprolific. Private agricultural colleges, KVKs, research-
oriented NGOs and agricultural research institutions supported by other
ministriesareincluded here. Becausethese are narrowly mandated, the
averagenumber of scientistsper ingtitutionisvery smal in FTEterms. In
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the private sector too, the number of ingtitutionsislarge but their share
in human resourcesisonly 4.3 per cent and the average number of
scientistsisonly eight. In FTE terms, the share exceeds 5 per cent, and
the number per unitisfiveonly. It should be noted that private R& D
institutions accounted for about 13 per cent of total financial investment
by thelate-1990s (Pal and Byerlee 2003). After building organizational
and physical infrastructurein the early phase of their growth, theseare
expected to expand through human capital. Their shareand importance
will grow rapidly.

It has been shown earlier (Chapter 2) that states contribute nearly half
of thetotal public expenditure on R& E. Their sharein total publicly-
employed manpower exceeds 65 per cent. Thisimplieshigh disparity
in support per scientist between the state and central sectors, evenif
ICAR grantsto states are factored out. Thisisan important policy
issue. The other point noted wasthat the SAUshavelost significantly
sincethe 1990s (Pal and Byerlee 2003). Rao and Muralidhar (1994)
studied the human resourcesin 18 SAUsin early-1990s. A comparison
of thecurrent censusdatafor theseingtitutionswith the Rao-Muralidhar
results showsthat the number of scientists declined by 24 per cent
between 1992 and 2002. Thisis paradoxical. The number of scientists
in agricultural universities seemsto have declined but the number of
agricultural (and allied) universitieshasgrown from 28in 1990 to 34
in 2001. The new units have largely been created out of the existing
universitiesand are being manned through redeployment. Thishasoften
undermined the critical mass needed for the effective undergraduate
and post-graduate teaching aswell asresearch.

The skewed distribution of scientistsamong institutionsisrevealed by
thefact that more than 82 per cent of institutionsaccount for only 14.3
per cent of the scientific manpower (Table4.2). Infact, one-fifth of the
ingtitutionsaverage only onescientist per ingtitute. These have obvioudy
yet to establish their viability. The table also shows that while the
ingtitutiond structureisoverwhelmed by smdl units, most of thescientists
areconcentrated in afew largeunits. Only 15 institutions account for 47

29



per cent of the scientific manpower. Table 4.3 showsthe break-up by
typeof ingtitutions.

Asexpected, Tables 4.2 and 4.3 indicate that nearly 65 per cent of
the scientistsin the country are placed in 29 institutions — 26 of these
arestate universities. ICAR ingtitutes have modest and viable numbers
in most cases. A few non-viable ICAR-SAU unitsdo exist, perhaps
because of infancy. ‘Other’ public and private categories are
significantly smaller. Nearly 95 per cent of the miniscule unitsbelong
to thesetwo categories.

Table 4.2. Distribution of institutions by size-class of scientists

Scientists Institutions Scientists Scientists/

(size-class) Number Per cent Number Per cent Institution
<3 110 (19.8) 158 (0.7) 1
3-30 347 (62.4) 2947 (13.5) 8
31-100 56 (10.1) 2927 (13.4) 52
101-170 14 (2.5 1692 (7.8) 121
171-240 4 (0.7) 830 (3.8) 208
241 -310 7 (1.3 1866 (8.6) 267
311-380 2 (0.9) 688 (3.2 344
381-450 1 (0.2 404 (1.9 404
451-520 5 (0.9 2444 (11.2) 489
> 520 10 (1.8) 7817 (35.9) 782
All classes 556  (100.0) 21773* (100.0) )

*Excludes scientists of ICAR Headquarters & Zonal Coordination Units
Source: ASC (2001-02)
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These numbers raise the issue of viability of institutions. It is believed
that an independent research unit must have aminimum size. ICAR
implicitly recognizes this and has planned for a minimum number of 10
scientists per free-standing research unit (ICAR 1997b). Scrutiny of the
census data reved s the following distribution of units below thissizein
each ingtitutional category (Table 4.4).

Table 4.4. Distribution of non-viable agricultural R&D units

I nstitutions I nstitutions Scientists
Number Per cent* Number Per cent*
ICAR 8 89 56 13
SAUSs Nil - Nil -
Other public 264 84.2 1140 415
Private a1 77.8 328 346
All units 36.3 65.3 1524 7.0

* Per cent of total number of institutions/ scientists in the category
Source: ASC (2001-02)

About two-thirds (65.3 per cent) of the unitsin our data set were non-
viable on thisreckoning. Separately, the percentageswere 9 per cent,
84 per cent, and 78 per cent for institutionsin ICAR, *other’ publicand
private categories, respectively. Together, these employed 7.0 per cent
of the scientific manpower. In fact, 264 units (about 47 per cent)
employing 5.2 per cent scientists had lessthan 5 scientists each (data
not reported here). It should be noted that inthe‘ other’ public category
the proportion isvery large because KVKs and NGOs are included
and these are not primarily research-focused ingtitutions, though some
on-farm and adaptiveresearchisinvariably included in their activities.
These (KVKs and NGOs) constitute 78 per cent of the unitsin this
category. In the private sector too, the problem loomsin the census
because the survey year caught most private sector units in the
establishment phase. The non-viableunitsin ICAR aretemporarily in
this category because of infancy and vacancies. A few SAUsmay have
non-viable academic programmes but thishas not been investigated in
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thisstudy. In theresearch system, therefore, the problem of viability
does not appear to be as acute as previously alluded to, though even a
few non-viable unitsareadrain on scarce resources.

The census shows awide variation in size. What determines the size
of aresearch unit? Importance of the problem, mandate, coverage,
range of activities assigned to the unit, etc. are some obvious
considerations. Then there are some not so-obvious factors like
vintage, location, nature of research, etc. An exploratory analysis
was attempted with the help of the census and ancillary data to
decipher some of these influences. This was done with respect to
ICAR ingtitutions only, other institutions were not included because
of lack of data on explanatory variables. A regression framework
was employed which used the total number of scientists (SCI) and
number of women scientists (WSCI) in an institute as dependent
variables in two separate equations. The following model was
hypothesi zed:

SCl or WSCI = f (AGE, IMP, LOCATION, UNIV, STATUS, REGCOORD,
APPLIED, DIVCROP, DIVHORT, DIVNRM, DIVANI,
DIVFISH,DIVENG, DIVEXT)

where, AGE isingtitute' sagein years, IMPistheimportance score of the
ingtitute (1= high, 2= medium, 3=1ow); LOCATION isadummy varigble
(1 for better location of theinstitute, O otherwise); UNIV isadummy
variable (1if institute hasuniversity status, 0 otherwise); STATUSisa
dummy (1 if ingtitute is a national or central institute, O otherwise);
REGCOORD isadummy (1if theingtitute hasaregional station and/or a
coordinated project, 0 otherwise); APPLIED isadummy (1 if applied
research receivesemphasisintheingtitute, O otherwise); DIV variables
aredummiesfor divisions, CROP= crop science, HORT= horticulture,
NRM= natural resource management, ANI=animal sciences, FISH=
fisheries, ENG= engineering, and EXT=extension.
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The model includes variables which depict the demand side (IMP,
STATUS), ingtitute' sattributes (AGE, LOCATION, DIV dummies), and
othersindicating the coverageof inditute' sactivity (UNIV, REGCOORD).
Themultipleregression framework permits sorting out the net effect of
different variables. The estimated regressionsare presented in Table 4.5.
Thedatidicd resultsarenot very robust intermsof sgnificanceof individud
coefficients but the adjusted R-square values are quite high for thefirst
equation. Thisisnot very surprisngsncemod of thevarigblesarequditetive
and have not been precisely measured. Nevertheless, the results
substantiate the point that institutes which are considered to be more
important, thosewhich have academic programmes, and have beenlong
established, arelarger intermsof scientific manpower. Apart fromthese,
women-scientist numbersaresignificantly higher iningtituteswhichhavea

Table 4.5. Determinants of number of total scientists and women
scientists in |CAR institutions

Particulars Mean Total scientigts (SCI) Women scientists (WSCI)
Coefficient t - value Coefficient t - value

Congtant - 358% 1484 5892 1.189
AGE 2776 1015 3660 0106 1.8660
IMP 19 -17305  -1.986° -3310 - 1.8539
LOCATION 060 11705 1120 2349 1.097
UNIVERSITY 004 141792 5601* 17.025 3.333
STATUS 053  17.061 1506  1.807 0.824
APPLIED 051 -13272  -1394 -3878 - 1.987@
REG/COORD 079 -0749  -0053 -1222 -0.419
DIV CROP 026 10585 0675 5683 1.7679
DIV HORT 021 7325 0491 4934 1611
DIV NRM 016 8469 0492 2234 0633
DIV ANI 017 - - - -

DIV FISH 009 -12794  -0687 3408 0.893
DIV ENG 007 -17508  -079%6 0773 0172
DIV EXT 004 -0536 0021 2831 0.549
Adj. R? 0628 0387

F 12571 5329

N % 0

* #, @ indicate statistical significanceat 1, 5, and 10 percent levels, respectively
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stronger basic/strategic research-orientation, and are in crops (and
horticulture) divison.

Equally interesting are the non-significant variables because these
negate some popular perceptions. For example, it is believed that
institutes at abetter |ocation are preferred and so are the national and
central institutes. It isalso believed that there may be somedivisional
biasin allocating scientiststo institutes. The results of this study do
not support these perceptionswith respect to total number of scientists.
With respect to number of women scientists, however, thereissome
evidence of clusteringin crop (and horticulture) division andin basic
research-oriented institutes. On the whole, there is indication of
rationality in allocation of scientiststo institutions. Thisis an area
where more rigorous research is needed.

2. Attributesof scientists

In addition to the size of scientific manpower, qualitative attributes
like age, experience, qualification, placement level, and disciplinary-
mix of the scientific staff are asoimportant determinants of research
productivity. Conventional wisdom aswell asempirical evidence, for
example, suggeststhat scientific productivity ispositively influenced
by the educational level and research experience, isgenerally higher
for younger scientists, and in systems, which are multi-disciplinary.
Thissection summarizesthe salient findings on these parameters based
on the census data.

Table 4.6 showsthat the average age of scientistsin the agricultural
research system is 44 years. Scientists in the core components of
NARS - SAUsand ICAR are around 44 - 46 years of age and this
pushes up the average age. Conventional wisdom suggests a target
of around 40 years. Census results show that only the private system
meetsthisnorm. Thisaging phenomenon holdsat al levelsand nearly
31 per cent of the scientists are above 50 years of age (Table 4.7).
The ICAR-SAU system has significantly higher percentages of
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Table 4.6. Age, gender and skill level of scientists

Particulars ICAR SAUs Other Private All
public units

Average age (years) 43.8 45.7 422 37.5 44.0
Ph.D. holders (per cent) 75.7 69.6 55.9 36.6 67.7
Research experience (years)17 18 14 11 17

Women scientists (per cent)
2001-02 11.9 113 138 7.8 1.6

1975-76* 53 4.9 6.1 21 49
* Estimated from age-partitioning of current data
Source: ASC (2001-02)

scientists above 50 years. With this age structure, the average rate of
attrition through 2010 worksout to be 3.5 per cent per annum for the
system asawhole, and afull one-percentage point higher for ICAR
scientists. High average age and high attrition rate in the public
research system have been attributed to faltering recruitment over
the past decade or so (Pal and Byerlee 2003).

Table 4.7. Interaction of age with other attributes

Particulars ICAR SAUs Other Private All
public units
1. Average age (years)
Male scientists 445 46.3 42.8 378 45.0
Women scientists 38.7 414 384 33.6 40.0

Assistant professors 35.6 40.7 38.3 339 38.8
Associate professors 48.9 48.1 484 46.7 48.3

Professors 53.0 53.2 50.8 524 52.9
2. Scientists above 50 years (per cent)

All scientists 338 32.7 214 14.6 30.7

Male scientists 32.2 311 204 14.2 29.2

Women scientists 17 16 1.0 04 15
3. Attrition rate through 2010 (per cent)

All scientists 44 36 26 17 35

Malescientists 47 39 29 18 38

Women scientists 29 16 12 05 15

* Estimated from age partitioning of current data
Source: ASC (2001-02)
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Table 4.6 also showsthat skill level of the systemishigh. A Master’s
degreeistheentry-level quaificationinthe public system and morethan
two-thirdsof the scientistsare Ph.D. degreeholders. IntheICAR-SAU
system, it variesfrom 70to 76 per cent. Theaverage research experience
isasohigh. These parameterscomparefavourably with thebest globally.

The data do reveal a gender bias— only about 12 per cent of the
agriculturd scientigsarewomen. Thoughther averageageissignificantly
lower (Table4.7), theskill indicatorsarelower as compared to those of
themaescientists(Table 4.8). Gender senditivity and affirmative action
have becomeimportant in recent times.

Table 4.8. Interaction of gender with other attributes

Particulars ICAR SAUs Other Private All
public units

Ph.D. holders (per cent)

Male scientists 76.8 702 579 36.0 68.6

Women scientists 67.8 64.4 43.0 429 61.3

Average research experience (years)

Male scientists 18 18 14 un 17

\Women scientists 12 14 10 8 13

Source: ASC (2001-02)

Lest theabovefindingsareinterpreted asregressive, Table4.6 aso shows
that the proportion of women scientists has more than doubled over the
last 25 years. Thetrendisdiscernibleinthe private sector aswell. Besides,
these datashould beinterpreted in context of the generic gender biasin
higher educationin general and agricultura educationin particular.

Thesedataindicatethat the public system hasinvested heavily in human
resource devel opment by s multaneoudy promoting academic upgradation
and experienceaswd | asgender representation. The private sector, which
isrelatively young, lagsbehind. It hastaken amoreflexibleapproachinits
formativeyears. 'Other’ publicinstitutions al so show relatively lower
indicators, primarily because theseinclude alarge number of grassroot
level institutions (KVKs, NGOs) which do not deal with hardcore
and long-term research.
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The cadre structure and placement of scientists are the important
determinantsof performance. Table4.9 presentsthedigtribution of scientists
inthree broad categories — assi stant professor, associate professor and
professor (and higher), which generdly condtitutethe academic hierarchy;
conventionally, aratioof 5: 2: 1isconsidered desirable.

Table 4.9. Hierarchical distribution of scientists

Particulars ICAR SAUs Other Private All
public units

Per cent of scientists
Assistant professors 43.3 453 654 69.1 48.5
Associate professors 394 349 204 20.7 334
Professors 174 19.7 14.2 10.2 18.1

Number of faculty per

scientist of professor or

higher rank 4.8 4.1 6.0 8.8 45

Source: ASC (2001-02)

Table4.9 showsthat the present cadre structurefor thel CAR-SAU system
hasbecomerelatively top-heavy and thisdominatesthe nationd profile.
Thenumber of scientistsby designationin SAUsand ICAR ingtitutesare
givenin Annexures4.1 and 4.2, respectively * Other’ public and private
ingtitutions show apreferencefor fledging scientists. It has been noted
earlier (Chapter 2) that recruitment of young scientistsin the public system
hasbeen practically on hold since early-1990s. On the other hand, career
advancement policies have continued to upscal ethe existing staff. This
has generated the observed distortion. It hasbeen argued that if thisisnot
responded to, theoverall productivity of public systemswill decline (Jha
et al. 2004)" . The private system, which does not suffer from such
ingtitutional rigidities, showsabetter cadreprofile.

Finally, Tables4.10 and 4.11 give an ideaabout the disciplinary-mix of
scientistsin the agricultural research system. Inall, 116 disciplinesare
represented in the system (Annexure 3.3.1). Inthe abovetabl es, these

* A point of caution isin order here. Apart from restrictions on employment, the
financial stringency also disrupted the career advancement plans in the public
system and this caused stagnation. The process was resumed in 2001-02. During
the survey year, therefore, the cadre structurewasin aflux. Datapresentedin Table
4.9reflect thisdistortion.
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have been grouped in eight categories. Crop sciences, resource
management, and animal sciencesrelated disciplinesaredominant, and
account for nearly 70 percent of the agricultural scientistsin the country.
Their shareistwo-thirdsor moreinall publicingtitutions. Inthe private
sector, thedistribution isnarrower: crop sciencesaccount for morethan
54 percent and, together with resource management, it accountsfor nearly
83 percent of thetota scientistsinthe sector. Animal scienceand fishery
disciplinesarenot favouredin thissector. Engineering and social sciences
areaso emphasized less.

Table 4.10. Disciplinary-mix of scientists

(per cent)

Discipline group* ICAR SAUs Other Private  All

public units
Crop sciences 317 314 30.2 544 323
Horticulture 56 8.2 9.8 4.3 7.7
Natural resources 18.6 21.9 230 28.2 21.7
Animal sciences 17.8 16.5 1.9 6.9 158
Fishery sciences 6.8 15 1.0 0.2 25
Engineering 6.5 6.5 58 20 6.2
Social sciences 7.6 nzv 17.2 3.7 n2
Others 55 2.2 11 0.1 2.7

* For details of specific disciplines, see Annexure 3.3.1.
Source: ASC (2001-02)

Based onthedisciplinary profileof ICAR - SAU scientistsintheabove
50 age group, an attempt was madeto estimate the disciplinary profile
25yearsago and Table 4.11 presentsthe proportionate change between
the current and past disciplinary-mix. As expected, there has been an
increaseindiversity over time — 108 disciplinesfigured intheworkforce
in the mid-1970s as compared to 116 currently. There have been
marginal adjustmentsinfavour of horticulture, animal sciencesand socia
sciences at the cost of crop sciences and resource management, the
coreconventiond disciplines. ICAR hasbeenrdatively moreaggressive
inpursuing thesetrends.
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Table 4.11. Estimated changes in disciplinary-mix* in ICAR and

SAUs
Discipline group Change in proportion between 2001
and 1976 (per cent)

ICAR SAUs ICAR - SAU
Crop sciences 3.7 2.0 14
Horticulture +22 +0.8 +13
Natural resources 25 4.7 40
Animal sciences +4.2 +25 +24
Fishery sciences 23 +0.6 04
Engineering +11 +0.9 +0.7
Social sciences +20 +21 +22
Others 0.8 0.3 05

* Estimated from age-partitioning of ASC data

Severa important trendsemergefrom this. Firstly, the NARSwill get
smaller, if recruitment rates in SAUs and ICAR are not jacked up.
Technological challengesand opportunitiesareincreasing and evenwith
rapid growthinthe private sector efforts, manpower needswill continue
torise. Theexisting policy onrestricted recruitmentswill hurt the public
research system. Secondly, induction of younger scientistswill benecessary
tomaintainand raiseresearch productivity. Theaverageageisapproaching
theleved at which productivity aswell asenthusasm startsdeclining. This
will dsorationalizethe cadre structure. Thirdly, thoughthe I CAR-SAU
system appearsto be pro-gender, more needsto bedoneinthisarea. The
record of private system onthisispoor. Thesefactorshavelong-term
implicationsand need positive policy response.

40



Chapter 5
RESEARCH RESOURCE ALLOCATION

Another fact-finding objective of the study wasto quantify theresource
dlocation profileof thenationd agriculturd research system. Thisiscrucid
for research policy and planning. Quantitativeinformation has not been
availablein the past and research planners have used knowledge and
experience-based subj ectivejudgementsfor resource-alocation decisons.
It has been argued earlier that such decisions can be improved by
supplementing themwith quantitativedataand anadlyss. Thischapter begins
by showing the broad activity profile of scientists, and then provides
information on all ocation by commodities, resourcesand regions. These
have been derived from the specific responses of individual scientists
obtained inthe census.

1. Activity-wise allocation of resources

Research, teaching (training) and extension are integrated in the job
description of scientistsinthe | CAR-SAU system. Other ingtitutionsalso
incorporate outreach functionsin the agenda and allocate scientific-
manpower resourcesto such activities. Thereareno normsregarding the
proportions, but thethreerolesaremutudly reinforcing. Individud scientists
alocatetheir time between these activitiesdepending on their job profile,
preferences, aswell as perceptionsregarding rel ative career rewards.
Thisisthefirst alocation dimension considered. Thischapter beginsby
trying to quantify thismulti-functionality. Table 5.1 showsthe average
participation rateof scientistsbelonging to different categoriesof inditutions
intheseactivities.

Table5.1 clearly depictsthat scientistsindl kindsof ingtitutions participate
significantly in all the three major activities. Though research isthe
dominant activity acrossthe board, teaching and extensionasoinvolve
70-72 per cent of thescientists, on an average. Asexpected, arelatively
larger proportion of SAU and deemed university scientistsareinvolvedin
teaching. Extension appears moreimportant inlocal-level institutions.
|CAR has an upstream research role and thisisreflected in the time-
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allocation profile. In privateinstitutions, research and extension arethe
major R&D activities in terms of participation. Administration has
been considered asatrivia activity, but the data show that more than 60
per cent of the respondents participateinthisactivity.

Table 5.1. Participation rate of scientists in different activities

(Per cent)
Institutions Research Teaching/ Extension Adminis-
Training tration
ICAR 97.2 48.3 57.8 68.8
Deemed universities 99.0 89.0 56.7 66.9
Other institutes 94.8 36.6 58.1 69.3
SAUs 91.8 79.6 76.6 56.7
Other public 78.6 64.3 784 62.3
Total public 87.3 67.7 69.6 57.4
Private 91.0 51.2 69.5 70.8
All units 91.2 70.0 72.6 60.5

Source: ASC (2001-02)

Dataon averagetimeallocation to these activitiesprovideamoreprecise
indication of scientists, preferencesand priorities. Table5.2 revealsthat
whilescientistsin all ingtitutionsaccord the highest priority to research,
thosein | CAR and privateingtitutionsspend relatively moretime. Teaching
isnextinimportanceinthe SAUsand deemed universties. InICAR (other
than deemed universities) and privateinditutions, it isnot aminor claimant
of scientists time. Public institutions, particularly ICAR and SAUS,
emphasize on extens on and percentageinvol vement of scientistsishigh,
butitisrelatively undervalued by scientistsintermsof timeallocation.
Theseingitutionsaremainly in‘frontling extens on; the state department
of agriculture hasthe mainstream extensionrole. Privateingtitutions pay
relatively moreattentionto extenson, whichismoreakinto sdespromation
effortintheir case. The'other' public category isdominated by grassroot
level units(KVKs, NGOs) and thisresultsin high averagetimeallocation
toextensonintheseingitutions.

Interestingly, agignificant amount of scientists time (11 per cent) isalocated
to'adminigtration’. InICAR asawhoaleg, it claimsmoretimethan training
or extension. Thishasattracted the attention of research administrators,
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Table 5.2. Time allocation by scientists to different activities

(Per cent)

Institutions Research Teaching/ Extension Adminis-
Training tration
ICAR 67.6 9.3 8.8 14.3
Deemed universities 57.5 236 75 14
Other institutes 705 51 9.2 15.2
SAUs 42.8 345 13.2 95
Other public 33.3 22.7 32.3 17
Total public 46.9 275 14.8 10.8
Private 60.4 75 171 151
All units 475 26.6 14.8 110

Source: ASC (2001-02)

particularly in context of the perception that thereisexcessof adminidrative
and supporting staff in publicingditutions. Thehigh cogt thisentail sbecomes
gpparent whenitisredlized that morethan 180 scientistscan be effectively
added tothe ICAR-SAU scientific workforceif thereisaone-percent
reductionintimeallocated to administration! Threefactorsneedto be
kept in view in this regard. First, scientists include R& D-related
administration in this category — arranging meetings, seminars,
conferences, administering collaborativeresearch activities, ensuring proper
technical specificationsand quality inresearch-related supplies, and a
number of Smilar activitiesengagetheir time. Thisisrelated tothesecond
factor. Adminigtrativeand support staff inresearch ingtitutionsarelargely
recruited and carried over onthebas sof government normsfor generdids.
Itisnot yet recognized that research adminigtrationisadigtinct professiona
activity. Saddled with such support, the scientistsfedd more confident when
they assumetheresponsbility themsalves. Thirdly, someexperienceand
hands-ontraining inthisareaare desirable. Nevertheless, thisload can
and should be brought down significantly by professionalization of
adminigtrative and support staff inresearchingtitutions.

There are no established normsin this regard and the observed time
dlocation profileisattributed toindividua scientist’'s perceptionsregarding
relative importance of different activities in career advancement
opportunities. Theeva uation and reward systemsin mgor public research
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ingtitutionsremain biased in favour of research. Isthisright? Thisneeds
moreresearch.

Thistime-sharing meansthat the effective research workforceislessthan
the 21,869 scientists enumerated in the census. Theabove dataallow a
morerealistic assessment of manpower resourcesfor research and other
activitiesintermsof full-time equivalents (FTES). These numbersare
presentedin Table5.3.

Inreal terms, the number of full-time scientistsin the country comesto
10,350. Theestimated number issignificantly higher than that estimated
for late-1980s (Pardey and Roseboom 1989), but about 7 per cent lower
than the estimatefor late-1990s (Pal and Byerlee 2003).

Table 5.3. Distribution of FTE scientists by institutions and

activities
(Number)
Institutions Research Teaching/ Extension Adminis
Training tration
ICAR 3069 420 400 650
SAUs 5810 4688 1790 1290
Other public 915 624 889 322
Total public 9794 5732 3079 2262
Private 556 69 156 139
All units 10350 5801 3235 2401

Source: ASC (2001-02)

Factorslikestagnationinrecruitment and highrate of attritioninthel CAR-
SAU indtitutions (which account for nearly 86 per cent of FTE researchers)
have aready been pointed out. Despiteal this, the Indian agricultural
research systemiscomparableto thelargestintheworld. Table5.3 shows
that in FTE termsal so, the public sector accountsfor about 95 per cent of
research manpower. Because of higher time-allocation coefficient, ICAR's
sharerisesto about 30 per cent ascompared to 22 per cent interms of
absolute numbers. The sharesof SAUsand 'other’ public ingtitutionsgo
downwhilethat of privateinstitutionsrises.
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Thesetables show that research and teaching occupy morethan three-
fourthsof scientigts timeinthel CAR-SAU system; ICAR scientistsassign
much moreimportanceto research on an average, but thoseinthe deemed
univergities, haveapattern smilar tothat of thescientistsin SAUs(Table
5.2). Professonalization of administrative and supporting staff will permit
more research and outreach activitiesin the public ingtitutionswith the
sameworkforce. Thisisrelatively moreimportant for theICAR-SAU
set-up.

A morerigorousanalysiswasattempted to understand the effect of these
and other factorson inter-scientist variationsintimeall ocated for research.
A regression framework was employed for this analysis which was
conducted separately for the | CAR and SAU scientigts. The percent time
alocatedtoresearch (RESTIME) by individua scientistswasused asthe
dependent variable. Theindependent variablesincluded persond atributes
aswell assomeinstitutional characteristics. Thefollowing regression
equation wasestimated:

RESTIME=  f(STATUS, MANDATEor TIME, AGE, GENDER, PHD, SCI,
SRC, PRSCI, RMPSCI, DISANI, DISCROPR, DISNRM, DISENG,
DISH SH, DISHORT, DISSOC, DISOTHR)

where, STATUS dummy = 1 for national/central institutes, O otherwise,
MANDATE dummy = 1if mandate focuses on research, O otherwise;
TIME = percent time devoted to teaching; AGE = scientist'sage in
years; GENDER dummy = 0 for women scientists, 1 otherwise; PHD
dummy = 1if scientist holds Ph.D. degree, 0 otherwise; SCI dummy =
1 for scientist/asstt professor, 0 otherwise; SRSCI dummy =1 for senior
scientist/assoc. professor, 0 otherwise; PRSCI dummy = 1 for principal
scientist/professor, 0 otherwise; RMPSCI dummy = 1 for research
managers, 0 otherwise; DISANI dummy = 1 for animal sciencediscipline,
0 otherwise; DISCROP dummy =1 for crop science discipline. O
otherwise; DISNRM dummy =1 for NRM disciplines, O otherwise;
DISENG dummy = 1 for engineering disciplines, 0 otherwise; DISFISH
dummy =1for fishery disciplines, 0 otherwise; DISHORT dummy =1
for horticulturedisciplines, 0 otherwise; DISSOC dummy =1 for social
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science disciplines, 0 otherwise; DISOTHR dummy =1 for other
disciplines, O otherwise.

It should be bornein mind that the choice of independent variableswas
restricted by availability of data and most of these were measured
qualitatively. Theregress on coefficientscapturethe net effect of individud
variables. This cannot be shown by simple tabulations. The results
presented in Table 5.4 are reasonably robust. The adjusted R-square
values, F-statistic, and several regression coefficientsare statistically
ggnificant.

Table 5.4. Determinants of per cent time allocated to research

(RESTIME)

Particulars ICAR scientists SAU scientists

Mean Coefficient t-value  Mean Coefficient t-value
Constant - 65410  25.320* - 60.610 43.726*
STATUS 0.80 -2111 -2927 - - -
MANDATE 074 -12841  18.251* - - -
TIME - 3448 -0673 115.987*
AGE 4371 -0060 -1.319 4585 0.060 2.337#
GENDER 0.88 -0474  -0.551 0.89 -1.879 3.504*
PHD 0.76 -1822  -2587* 0.70 2494 6.303*
X 044 3910 4523 045 1627 3.761*
SR 0.39 - - 035 - -
PRCI 013 -12004  -13.654* 017 -6.333  -12.630*
RMPSCI 004 -40341 -26.820* 003 -32988  -33.710*
DISANI 017 - - 0.16 - -
DISCROP 032 7119 8.366* 031 8719 17.159*
DISNRM 0.19 1742 1.866@ 022 6.211 11.486*
DISENG 007 -3686  -2876* 007 2571 3.408*
DISFISH 007 1110 0.857 002 - 2.466 -1.79@
DISHORT 0.06 2646 1.996# 008 -2915 4.181*
DISSOC 0.07 -13986 -11.657* 012 -6.224 -9.823*
DISOTHR 005 -1.355 0.999 002 4046 3.506*
Adj. R? 0.336 0571
F 150.708 1295.621
N 4439 1354

*, #and @ indicate statistical significanceat 1, 5 and 10 per cent levels, respectively
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Thel CAR regression showsthat scientistsin larger (national and central)
institutes spend relatively lesstime on research. They presumably have
amore diversified activity profile. Others (directorates, bureaus,
centres) are primarily research-oriented and scientists concentrate on
research. Teaching competes with research time, an obviousresult
borneout by both ICAR and SAU regressions. I nteresting resultswere
obtained with respect to variables depicting personal attributes of
scientists. Age and gender effectswere discernible only inthe SAU
regression. For age, the result was unexpected — older scientists spent
more time on research. Women scientists were found concentrating
moreon research. The net effectsare small but statistically significant.
Conflicting resultswere obtai ned with respect to educational status.
In SAUS, scientistswith higher degree spent more time on research,
obviously those with Master's degree were assigned more teaching
and other responsibilities. In|CAR ingtitutions, the opposite seemsto
hold. The regressions suggest that there are some institutional
differences between ICAR and SAUs, perhaps driven by varying
mandate, culture, and motivation.

Both the regressions show that with advancement in career, scientists
haveto spend moretime on non-research activities. Research time goes
down. It is, therefore, important to maintain a pyramid-like career
structure. The base has shrunk over the past decade. Theregressions
imply that thishasaffected research time adversely. Manpower planning
hasto factor in thisconsideration. Finally, somedisciplinary biaswas
captured by the regressions. Crop science and natural resource
management scientistsspend moretimeonresearch relativeto disciplines
like engineering, fisheriesand social sciences. Arethese dueto more
time-intensive research processesfor some disciplines? This needsto
be probed further.

Thissection indicatesthat scientists, particularly inthe public system
appreciatetheintegrated concept of agricultural R& D and participatein
al theactivities, but their timedlocation profileshowsaclear biasinfavour
of research. Indtitutional and persond attributesaffect their time-allocation
decisonsand manpower planning to maximizeresearchinput should factor
inthesevariables.
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2. Commodity-wise allocation of resources

Indian agricultureislargeand diverse. Varying production possibilities,
long-term adaptations, ethnic and cultural preferencesand other factors
have added an array of primary commoditiesin different production
systems. Most of these have been part of traditional, low-productivity
agriculture. Intoday's context, raising productivity acrossthe board has
becomeacompulsion. Accordingly, theagricultural research portfolio has
becomelargeintermsof commodities. It hasbeen shown earlier (Table
3.4) that the commaodity-focus of research could be clearly identified for
nearly 80 per cent of FTE scientists. The 157 commoditiesidentifiedin
the censusweregroupedinto 16 categories(Table 3.2). Thebroad research
resource alocation profileisprovided at thislevel. Subsequently, more
detailshave been provided for important groups.

Tobeginwith, Fg. 5.1 showsthat the crop sector dominatesthe agricultura
research scenario overwhelmingly. Nearly four-fifthsof all scientific-
manpower resources are dedicated to this sector as well. Livestock
research claims 15 per cent and fisheries account for therest. Thiscrop
biaspervadesacrossingtitutions, public and moredistinctly, intheprivate
sector aswell. ICAR playsavery important rolein supporting fisheries
and livestock researchinthe country. Other publicingtitutionsdonot accord
importanceto thefisheriesresearch particularly.

Fig. 5.1. Relative importance of major commodity sector s by
institutions (per cent)
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Private research did not accord any importance to the livestock and
fisheries sectorsat the turn of the century. Thiswas surprising because
these have been the high-growth sectors since 1990s. It should be noted
that policy impedimentsto privateinvestmentsin R& D weredtill formidable.
Thisischanging rapidly.

Another reason could bethat the classification scheme adopted in this
study included drugs, vaccines, hormones, etc. in the resources category
and not under commodities.

How do variousinstitutions contributeto research in different sectors?
Figure 5.2 illustrates the dominance of SAUs in crop and livestock
research. 'Other’ publicingtitutionsa so contributeabout 9 per cent. ICAR
putsin 70 per cent of itsresources on cropsresearch, contributing more
than aquarter (26 per cent) to the national crop research effort.

Fig. 5.2. Contribution of institutions to sectoral research (per cent)
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Withmost of thedownstream research located in SAUS, ICAR ismandated
tofocuson basic and strategic research. Itsclout isstronger in livestock
and, particularly, fisheriesresearchinthe country. Livestock researchin
SAUshad many gapsand ICAR hadto stepiin. Infisheriesresearch, its
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contributionisoverwhel ming. Figure5.2 dso showstheinfancy of private
researchintermsof the national research effort; evenin cropsresearch,
itsshareisonly 6 per cent.

Threeimportant pointsemerge. First, considering the strategicimportance
of cropsinfood, employment and livelihoods, thecrop-biasinresearchis
well merited. Commercidization and demand-led development arerddively
recent phenomenaand the all ocation profilereported here still reflectsthe
traditional biases. Secondly, thefigures show that ICAR which hasthe
mandate to guide public research, has given moreemphasisto livestock
and fisheriesresearch. Thisbears out the dynamic nature of resources
dlocation processinthel CAR. It hasplayed animportant roleinidentifying
and bridging research gaps. Finally, even though the private sector is
contributing sgnificantly inthehigh-growth sectors; it sill isaminor player
intheagricultural R& D scenario anditsportfolio remainslockedto selected
commodities. Theinvestment environment ischanging and arapid growth
inprivateagricultural research and broadening of theagendaare projected.

Detailed information on commodity-wise allocation isprovided below.
Thiswasacoreobjectiveof thisstudy. To beginwith, Table5.5 summarizes
the censusdatain terms of sharesof major commodity groupsfor each
ingtitutions category. At theturn of the century, foodgrains (cerealsand
pulses) constituted the most important group, claiming about 30 per cent
of the commodity-focused research resources in the country. Cereal
research dominated thisgroup. Self-reliancein foodgrains continuesto be
avery strong undercurrent, despite attainment of self-sufficiency since
mid-1980s. Horticultural research comesacl ose second with 28 per cent.
Thisisadiverse group—fruits and vegetables account for half of total
horticulturd research. Diversification and high-va ueagriculture hasbeen
themgjor thrust sincethe 1990sand horticulturefiguresimportantly inthis
scheme. Livestock research ranksthird, followed by oilseeds, fibres,
fisheries, and commercia crops. Thesegroupsaccount for morethan 98
per cent of commodity-focused agricultural research inthe country. In
severa cases, only 1-2 per cent of resourcesare allocated (fodder crops,
condimentsand spices, medicina/aromatic plants, flowers/ornamentds).
It should be noted that more than 8200 FTE scientistsare engaged in
commodity research (Table 3.4), even 1-2 per cent of thiswould imply
80-160full-timescientists!
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Thiscurrent profile hasevolved over time. Food cropsand commercial
cropsattracted more attention till the mid-1980s. Food self-sufficiency
andforeign exchange (exportsandimport subgtitution) weretheoverriding
goasof theagricultura sector. The growth strategy began emphasizing
diversification and high-val ue output mix sincethe 1990s. Horticulture,
livestock, and fisheriesresearch have gained importance. Table2.1 shows
how the central (ICAR) system has anticipated and responded to the
emergingtrendsand Table5.5 asoillustratesthispoint.

Table 5.5. Allocation of research resources across major commodity
groups by institutions

(Per cent)
Commodity ICAR SAUs Other Total Private All
groups public public units
1. Cereds 165 268 204 228 270 229
Foodgrains 211 356 241 297 274 296
3. Vegetables 37 73 25 5.7 13.0 5.9
4. Fruits 71 94 4.8 8.2 2.8 8.0
5. Tubers 5.7 14 21 29 0.8 2.8
6. Plantation crops* 45 3.8 21.1 5.6 26.9 6.4
7. Howerd Ornamentas 1.3 12 21 13 15 13
8. Maedicind/Aromatic 1.0 13 8.4 19 0.7 18
9. Condiments/ Spices 1.6 17 21 17 16 17
Horticulture 248 26.1 431 273 473 27.9
10. Oilseeds 74 112 4.4 9.3 49 9.2
11. Fibres 71 58 91 6.5 13.2 6.8
12. Commercial crops 7.2 39 24 49 2.3 4.8
13. Fodder crops 24 15 04 17 0.0 16
Total crops 69.9 842 835 794 950 79.9
14. Livestock 183 143 152 157 48 153
15. Fish 19 15 14 49 0.2 4.8
All commaodity
groups 100.0 100.0 100.0 100.0 100.0 100.0

* includes trees and plants group
Source: ASC (2001-02)
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Table 5.5 also shows the allocation pattern at the central, state and
privatelevels. All ingtitutions attach importance to foodgrains but these
receive higher priority at the decentralized levels. Nearly 36 per cent of
SAU-resources are allocated to this category. Political economy
consderationswarrant this. ICAR hasmoderated itsthrust on foodgrains
focusing on basic/strategic research, and has switched resourcesto the
fisheriesand livestock sectorswhere major research gaps existed. It
has been able to show greater resilience and make relatively rapid
adjustments, essentialy because of availability of incrementd (plan) funds.
The 'other' public category is dominated by small grassroot level
ingtitutions. Theseemphasi ze cerealsand other commoditieswith high
vishility and impact potentia (cereals, plantation crops, livestock, fibres,
medicinal/aromatic plants). It has been shown later (Table 5.19) that
theseinstitutionsare concentrated in afew regionsand local production
patternsinfluencetheir portfoliossignificantly. Cerealsasorecelvegreater
attention in the private sector research. Hybrids of maize and millets
provided the entry point for the private sector in Indian agricultural
research, and these along with rice hybrids, continue to be important.
Plantation crops, fibres and vegetables are the other important foci for
the private sector.

Table 5.6 showstherelative importance of different playersinR&D
effortson various commaodity groupsin the country. The public sector
overwhelmsthe scene and, as expected, SAUshavetheleadingrolein
most cases. Research on plantation crops, fish, and tubersisan exception
tothis. Thel CAR accountsfor about one-third of all commodity-based
research; infisheriesand tuber cropsresearch, it hasadominating share.
Inafew other commodities (livestock, commercial crops, fodder crops),
it has strong presence. 'Other’ public institutions play important rolein
medicinal/aromatic plants, plantation crops, flowers/ornamental's, and
fibres. Private research, as argued above, has not yet assumed a
comparableimportancein any major group. Inter-group allocationis
most balanced in SAUs and ICAR, asindicated by low CV values.
'Other’ publicand private R& D ingtitutions havelarge variations between
groups. Small size and the need to respond to specific local and market
demands perhaps necessitatethis.

52



Table 5.6. Share of institutions in research by commodity groups

(Per cent)

Commodity ICAR SAUs Other Total Private- All
groups public public units
1. Ceredls 231 6438 79 95.8 4.2 100.0
2. Pulses 220 729 5.0 99.8 0.2 100.0

Foodgrains 22.8 66.7 7.3 96.7 3.3 100.0
3. Vegetables 199 685 38 92.2 7.8 100.0
4. Fruits 283 651 5.4 98.8 12 100.0
5. Tubers 645 279 6.7 99.0 1.0 100.0

6. Plantationcrops* 227 330 294 85.1 14.9 100.0
7.HowedOrmamentds 30.6 518 136 9.1 39 100.0
8. Medicind/ Aromatic 175 402 40.9 98.5 15 100.0
9.Condiments Spices 299 555 112 96.6 34 100.0

Horticulture 284 519 13.7 94.0 6.0 100.0
10. Oilseeds 257 681 4.3 98.1 19 100.0
11. Fibres 336 476 119 93.1 6.9 100.0
12. Commercid crops 48.2 45.6 45 983 17 100.0
13. Fodder crops 476 503 21 1000 00 100.0

Total crops 28.0 58.5 9.3 95.8 4.2 100.0

14. Livestock 381 519 88 989 11 100.0
15. Fish 799 174 25 998 0.2 100.0
All commodity
groups 32.0 555 8.9 96.5 3.5 100.0
Coeffidentof varigtion  50.0 31.8 1023 120.2

* includes trees and plants group
Source: ASC (2001-02)

Aredifferent R& D indtitutionsin accordintermsof thepriority they assign
to research on different commodity groups?In Table5.5, somedifferences
were noted. Non-parametric statistical tests like Kendall’s test of
concordance and Spearman rank-order correl ationswere employed to
add rigour to these comparisons. Thisanalysiswasdonein two steps:
first, the null hypothesisthat the rankings (priority) assigned to the 15
commodity groupsby thefour mgor participants — ICAR, SAUs, ‘other’
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public, and private, were unrelated (independent) wastested by working
out Kendall coefficient of concordance (W). Second, pair-wise Spearman
rank-order correlationswereworked out between the priority rankings
observed intheseingtitutions.

Thevauesof W (0.669) and statistically significant Chi-square (37.46)
led to the rejection of null hypothesis, implying that therewas afair
agreement in the rankings assigned to various commodity groups by
different institutions. One could concludefrom thisthat al institutions
areguided by the same research objectivesand have similar priorities.
Thisappears counterintuitive. Public and private R& D are segmented.
Centra and decentralized indtitutionsarea so expected to pursuedifferent
agenda. The concordance coefficient (W) does not seem to capture
these.

Table5.7 presentsthefull range of Spearman rank correlations between
parsof ingtitutions. Thesearemorereveding. Theprioritiesof themgjor
public players— ICAR and SAUs—aresmilar. ICAR'sprioritiesappear
to beindependent of thoseof ‘ other’ public, and private R& D ingtitutions.
Thisiscongstent. National compulsionsdrive CAR research, and these
are mediated through SAUswhich arethe major partners. Withinthe
same priority framework, thetwo ingtitutionsfocus on different parts of
theresearch spectrum — thel CAR focusing on basic/strategic research,
and SAUsemphasizing on applied research. The other two ingtitutions
havedifferent motivations. The stateand locally-oriented ingtitutionshave
greater similarity asall thecorrdationsare statisticaly significant”. The
rank correlationsare morediscriminating. These clearly show that the
central and state components, which claim 83 per cent of nationa research
resources, sharecommongods. Then, thereisanother cluster of ingtitutions
which havelocally-driven priorities. Asonewould expect, the SAUsact
asabridge between thetwo.

#The correlation between state and ‘ other’ public institutions is also statistically
significant at 5 per cent level
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Table 5.7. Spearman rank correlations between ranking of different
commodity groups by institutions

Institutions ICAR SAUs Other public Private
ICAR 1.00 0.691* 0.332 0.382

SAUs 1.00 0.588 0.617*

Other public 1.00 0.761*
Private 1.00

* indicates significance at 1 per cent level

These numbersclearly reveal asfollows: (1) The crop sector accounts
for nearly four-fifthsof all thecommaodity —oriented research; in private
sector, the shareis even higher. (2) The cereals, livestock, fruits and
vegetables, oil seeds, and fibre crops account for morethan two-thirds of
thenational R& D efforts. Their shareiscloseto three-fourthsinthe state
system. ICAR hasamorediversfied portfolio. Cereds(hybrids), plantation
crops, fibre cropsand vegetabl es claim more than four-fifths of private
R& D efforts. Itscommitment to non-crop R& D isasyet inggnificant. (3)
Overdl prioritiesof ICAR and SAUsarein agreement, though specific
sharesof individual commodity groupsdiffer. SAUS, 'other’ public and
privateingtitutionsare driven more by local needsand markets, and have
broadly smilar priorities. Thereare pointerssuggesting adifferentiation of
public-privatedomains. Thiswill grow asprivate R& D growsand matures.
(4) Publicinstitutions have been responsiveto the growing opportunities
by alocating relatively higher share of research resourcesto livestock and
fisheriesresearch ascompared to the budding private R& D sector. ICAR
stands out clearly in thisregard as compared to the SAUs and 'other’
publicinditutions. (5) Foodgrainsresearch hasgradudly lost relativeground
acrosstheboard, thanksto higher level of food production and security.
Thishasenabled diversficationto other commodities. (6) Findly, thestate
system'sdominancein most commodity researchisamply brought out by
theresults, asisitsmediating rolebetween the central andloca ingtitutions.
These haveto be bornein mind as strengthening and revamping of public
agricultura research systemiscontemplated.

Meaningful intra-group analysisis possible only with respect to major

groups—cereals, pulses, vegetabl es, fruits, oilseeds, fibres, livestock, and
fisheries. Asshown earlier (Table5.5), together, theseeight groupsemploy
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nearly four-fifths of thetotal scientific-manpower resources. Figure5.3
presentsthe profilefor the country asawhole, and Tables 5.8 through
5.15 show ingtitution-wise picture with respect to each of these groups.

Figure5.3 showsthat riceand whesat account for nearly 68 per cent of dl the
cered researchinthe country. Maizeranksnext, followed by maor millets.
Riceresearch dominatesdl public research on cered s(Table5.8). Together
withwhest, it accountsfor morethan 76 per centinICAR, 66 per centin
SAUs and 74 per centin‘other’ publicingitutions. Maizeand mgor millets
follow next. Theprivate sector emphasizeson maize, ricecomesnext.

Pulsesresearchismorediversfied and nationally, gram, pigeon pea, green
gram, cowpeaand lentil areemphasized (Fig. 5.3). ICAR'spulseresearch

Fig. 5.3. Allocation of research resources by major commodity groups

100
13.0 Other 100
< 9 " | cereals Other 90
s 29.0 Other Other
€ 80 I Jowar pulses 80 2z vegetables S0 fruits
[0} . °
= 11.1 | Maize X
.g 70 5.8 | Cowpea :{; 70
2 60 Z4 ] Lentil S 4 8.0 |Okra 15.8 | Citrus
$ 22.6 | wheat 12.1 | Mung g 9.0 | cucurbits 75 | Dryfruits
E 50 3 50 32 | Apple
= [0) 9.7 | Onion 73
E 40 19.1 | Pigeonpea .ag') 40 138 |Green S;ZZ?Z
30 = 30 chillies . Guava
20 451 Rice 20 Brinjal 10.0 | Banana
29.6 | Gram
10 10 Tomato 14.1 | Mango
0 0
Cereals Pulses Vegetables Fruits
100 100
% Other 14.4 | Other fibres 90 1.2 other animal
225 oilseeds 12.3 | Livestock L
80 10.5 | Silk worm 80 | products 38.0 |Marine fish
F 70 BE2| Cocnut 84 | Jute 8 70 13.4 | Poultry
E 6.9 | castor k=
% 60 % 60 11.3 | Sheep
>
> 2
5 S
ug’_ 50 226 |R&M g 50 99 | coat
o 2 40
é 40 Cote g 13.0 |Buffalo 5200
5 otton = .0 |inland fish
LE 30 21.6 | Groundnut LE 30
20 20
10 28.9 Cattle/Cow
10 Soyabean
0 0
Oilseeds Fibres Livestock Fisheries

56



Table 5.8. Commodity-wise allocation to cereals group

(Per cent)
Commodities ICAR SAUs Other public Private
Rice 51.6 438 46.8 26.5
Wheat 24.7 224 217 4.6
Jowar 6.9 89 51 10.1
Bajra 0.6 2.7 17 15
Maize 89 10.1 8.3 43.0
Barley 15 17 14 -
Other cereals* 5.8 104 9.0 143

* Coarse ceredls, triticale, nagli, ragi, and food product
Source: ASC (2001-02)

has a sharper commodity focus as compared to that of other public
ingtitutions(Table5.9). Private sector hasinggnificant presencein pulses
research, confined only to gram.

Table 5.9. Commodity-wise allocation to pulses group

(Per cent)
Commodities ICAR SAUs Other public Private
Gram 25.0 30.7 321 100.0
Pigeonpea 236 185 7.6 -
Mung 231 9.0 8.6 -
Lentil 10.6 2.7 38 -
Cowpea 14 57 26.7 -
Other pulses* 16.3 334 21.2 -

* Rajmah, dry pea, khesari, other pul ses, legumes, moth, and guarseed
Source: ASC (2001-02)

Horticulture hasthe most diverseresearch portfolio; it includesnot only
fruits, vegetablesand flowers, but also other groups (tubers, aromatic/
medicinal, condiments/spices, etc.). Detailed break-up hasbeen provided
only for vegetablesand fruits. Nationally, Fig. 5.3 showsthat tomatoes,
chillies, brinjal, onion, cucurbits, and okraamong vegetables, and citrus,
mango, banana, guava, grapes, papaya, and applesamong fruits, receive
significant research attention. Asexpected, Tables5.10 and 5.11 suggest
higher diversficationinthe stateand 'other' public ingtitutions.
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Table 5.10. Commaodity-wise allocation to vegetables group

(Per cent)
Commodities ICAR SAUs Other public Private
Onion 16.4 7.6 20.5 6.3
Brinjd 2.7 13.0 9.0 18.3
Cabbage 7.2 4.3 - 32
Cauliflower - 1.3 9.4 7.1
Okra 45 9.2 - 10.1
Green pea - 0.2 44 -
Tomato 15.6 16.6 6.8 18.1
Greenchillies 7.7 16.2 14.0 85
Carrot 40 0.9 - -
Mushroom - 1.0 27.6 -
Garlic - 12 4.3 -
Cucurbits* 9.4 7.7 - 24.6
Other vegetablest# 32.7 20.7 40 38

* Pumpkin, watermelon, melon, bitter gourd, bottle gourd, cucumber and other gourds
# Radish, capsicum, beans and other vegetables
Source: ASC (2001-02)

Table 5.11. Commodity-wise allocation to fruits group

(Per cent)
Commodities ICAR SAUs Other public Private
Apple - 44 6.2 -
Grapes 132 54 - -
Guava 47 10.3 6.6 -
Litchi - 0.3 7.6 -
Mango 121 15.2 14.3 -
Papaya 31 29 29 28.9
Banana 6.8 10.7 13.0 33.0
Other arid fruits* - 37 5.8 -
Dry fruits# 7.0 85 0.6 -
Citrusfruits@ 174 15.3 16.2 47
Other fruits** 35.7 236 26.8 334

*  Ber, custard apple, amla, other arid fruits
# Almond, cashewnut, apricot, walnut, date palm, other dry fruits
@ Mausambi, lemon, orange, kinnu, other citrusfruits
** Plum, jamun, jackfruit, tropical fruits, sub-tropical fruits, other fruits, chikoo,
pomegranate, pear, peach, strawberry, sapota, pineapple
Source: ASC (2001-02)
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Privateresearchingtitutionsfocusmoreon cucurbits, brinja, tomato, okra,
chillies, cauliflower, and onion. We notethat potatoisnot includedinthis
group. Among fruits, citrus, mango, grapes, arid/ dry fruitsand banana
are more prominent in ICAR (Table 5.11). Downstream institutions
emphasize onguava, apple, andlitchi, inaddition. Papayaand bananaare
important inthe private sector.

Oilseeds and fibres are the other important groupsfor which institute-
specific detailsare provided in Tables 5.12 and 5.13. At the national
level, Fig. 5.3 identifiesrapeseed/mustard, groundnut, soybean, coconut,
and castor asthe prioritized oil seeds, though anumber of other cropsalso
receive attention. Relative to the SAUs, ICAR pays more attention to
soybean, rapeseed/mustard, coconut and oilpalm (Table5.12).

Table 5.12. Commodity-wise allocation to oilseeds group

(Per cent)
Commodities ICAR SAUs Other public Private
Soybean 25.2 14.6 171 215
Groundnut 121 24.9 324 9.1
Rapeseed/mustard/toria 26.8 20.7 299 15.3
Linseed - 11 30 50
Sunflower - 2.6 4.0 29.8
Castor 45 7.8 - 194
Nigerseed - 0.1 4.7 -
Coconut 13.7 75 7.3 -
Oilpam 6.4 0.3 - -
Other oilseeds* 15 20.3 1.6 -
* Sesamum, safflower
Source: ASC (2001-02)
Table 5.13. Commodity-wise allocation to fibres group

(Per cent)
Commodities ICAR SAUs Other public Private
Cotton 75.5 72.1 45 95.0
Jute 9.3 105 19 0.3
S 14 0.9 - -
Mesta & sunhemp - 0.3 0.7 -
Other fibres* 13.9 16.1 93.0 4.7
*Fibres, silk, clothing & textile
Source: ASC (2001-02)
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Inlivestock, cattle, buffalo, poultry, goat and sheep account for nearly
four-fifthsof all research resources (Fig. 5.3). Livestock productsare
also important. Theremainder isallocated to anumber of other animals
and birds. Institution-wise profile (Table 5.14) showsthat ICAR isthe
lead player in camel, equines, yak/mithun, where other ingtitutionshave
inggnificant research and the private sector hasnoresearchat al. Interms
of livestock commodities, ICAR and SAUs appear to have the same
priorities. Inother ingtitutional categories (‘other’ public and private), the
FTE numbersaretoo smdl for congtructingameaningful profile. Infisheries
research aswell, only amarine-inland break-up ispossible. Figure 5.3
showsthat 62 per cent of research resources are devoted to theinland
fisheriessector. In Table 5.6, we seethat dmost all fisheriesresearchisin
the public sector and about four-fifths of thisisin ICAR. The current
profile, showninTable5.15, clearly indicatesthat theinland fisheriesbias
isdriven mainly by ICAR, perhapsin responseto therising domestic
demand and historical neglect of thissector infisheriesresearchinthe
state. What is surprising istheresponse of the small private R& D sector
whichasoaccordsreatively high priority totheinland fisheries.

Table 5.14. Commaodity-wise allocation to livestock group

(Per cent)
Commodities ICAR SAUs Other public Private
Cattle/ Cow 215 35.2 193 62.0
Buffalo 16.9 11.0 9.0 -
Goat 16.3 6.9 16 -
Sheep 16.7 94 0.9 -
Camel 2.7 0.2 - -
Poultry 123 15.6 33 30.5
Rabbit - 09 19 -
Yak / Mithun 0.7 0.2 - -
Donkey / Mule/ 19 0.3 - -
Equine/ Horse
Livestock products* 8.0 8.1 56.6
Other animals# 29 12.2 7.3 75

* Other livestock products, milk, meat, honey, wool

# Dog, rodents, wild animals, deer, lab animals, invertebrates, rat, canine, duck/
other birds, pig

Source: ASC (2001-02)
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Table 5.15. Commadity-wise allocation to fishery group

(Per cent)
Commodity ICAR SAUs Other public Private
MarineFish 348 53.1 319 53.6
Inland Fish 65.2 46.9 68.1 46.4

Source: ASC (2001-02)

3. Resource focus of agricultural research

Agricultura researchismostly mediated through production resources—
genetic material, land, energy, water, agro-chemicals, and soon. Thisis
well-recognized and morethan 96 per cent of the respondent scientists
identified the resourcefocus of their research (Table 3.4). Figure5.4
summarizesthe census resultsin terms of major resource groups, and
Table5.1 showstheinstitution-wise position. It wasnot aways possible
to segregateindividual resourcesfrom scientists data. Many researchers,
for example, combined soil and water, or power and machinery intheir
responses. Datapresented in thissection are at the aggregatelevel only.

Fig. 5.4. Allocation of research resources by major
resour ce groups (per cent)
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Figure 5.4 shows that nearly 35 per cent of research is focused on
germplasm resources, seeking toraisethe potentia, resilience, and quaity
of theexigting cultivars/breeds. Thebiasin favour of germplasm resources
isagloba phenomenon and arisesfrom enormous opportunitieswhich
have opened-upinthisarea. Morethan 55 per cent of research manpower
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isengagedintryingtoraisethe productivity of natura resources(germplasm,
land and water). Thereisenormous heterogeneity in these endowments
acrossthe country which must beinvestigated and exploited through
research. Thisisreflected inthedata

Material resourcesagro — chemicalsand power/machinery — have
contributed significantly to agricultural intensificationinthe country and
together, these claim about one-third of all resource-focused research.
Agro-chemical s have been the dominant component of thiswith more
than 26 per cent of research resources. The socio-economic environment
encompassing human, institutional, infrastructural, and information
resources, isanimportant determinant of agricultural performanceand
more than 9 per cent of resources are focused on it. Asa caution, it
should be noted that a fair amount of socio-economic research in
agricultureisconducted ininstitutions outside the agricultural research
system and the census did not cover these. Feed and fodder resources,
which areimportant for thelivestock sector, appear to be neglected even
if the effort in commodity-oriented research (fodder cropsin Table5.5) is
factoredin.

Table 5.16 shows that this broad pattern holds across all the public
ingtitutions. Significant deviationsincludearedatively largeemphasison

Table 5.16. Resource-focused research by institutions

(Per cent)

Resource group ICAR SAU Other Total Private
public public

Germplasm 323 329 455 338 52.2
Soil / Water 259 20.3 16.6 216 31
Agro-chemicals 216 30.2 20.1 26.8 16.9
Power/Machinery 7.0 34 6.8 4.8 194
Feed / Fodder 15 18 16 17 0.1
Socio-economic 6.4 10.1 5.8 8.7 17
Statistics/Database 2.7 05 0.3 11 0.9
Others* 26 0.8 33 15 5.7
Tota 100.0 100.0 100.0 100.0 100.0

* Includes fungi /algae/ bacteria, insect/ pest/ parasite, weed /sea weed, gases
Source: ASC (2001-02)
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soil/water and power/ machinery researchin ICAR, agro-chemicalsin
SAUs, and germplasm resourcesin ‘other’ publicinstitutions (because of
greater emphasisonvarietd assessment work ingrassroot leve inditutions).
Theseare consistent. Private sector researchissharply biased towards
germplasm and power/machinery and, with agro-chemicals, these account
for 88 per cent of private resource-based research. It hashardly any soil-
water research.

Agro-chemicals (fertilizers, pesticides, weedicides, fungicides, drugs/
vaccines, other chemicals) rank second overal. The pill-over potentia in
thiscategory isbeieved to be high and afew good ingtitutions national ly
could meet therequirement. Yet, state-level ingtitutions seem to accord
disproportionately high priority to thissector. Thisisnecessitated by large
variationsintheloca agro-climatic conditions. Considerabledownstream
researchisneeded beforeoptimal input-use strategiesarefindized. Most
of the SAU-researchin agro-chemicalsis perhapsof thisgenre. Private
sector isthemajor player inthisresearch globally; Table5.16 doesnot
show thispattern. Energy (power and machinery) resources account for
5.6 per cent of resource-focused research nationally (Fig. 5.4), lessthan
5 per centinthe publicinstitutions, and only 3.4 per centinthe SAUs. As
expected, private R& D payssignificantly moreattention ascompared to
other indtitutions.

Non-material resources (socioeconomicsand statistics) account for alittle
morethan 10 per cent of research resources, most of it relatesto socio-
economic factors. The| CAR-SAUssystem, particularly thelatter, pays
more attention and the private sector does not accord any priority tothis
area. It has been mentioned earlier that human, social, economic, and
institutional resources have not traditional ly been the part of agricultural
researchtill afew decadesago. Thisanalysisunderestimatesthe nationa
soci oeconomicsresearch by excluding non-agriculturd researchingtitutions.

Table 5.17 shows quite clearly the dominance of public institutions,
particularly the SAUSs, in al resource-based research. With respect to
natural and other non-tradabl e resources, thisisexpected; for tradable
resources|ikeagro-chemical sand power and machinery, the private sector
isexpectedto play agreater rolein thefuture. Table5.16 showsthat even
thoughtheir sizeissmall, the privateresearchisfocusinginthese aress.
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Table 5.17. Share of institutions in resource-focused research

(Per cent)

Resource group ICAR SAUs Other Total Private All

public public units
Germplasm 261 544 12 91.6 84 1000
Soil / Water 35 567 6.9 99.2 0.8 1000
Agro-chemicals 232 66.3 6.9 96.4 36 1000
Power/Machinery 354 346 106 80.6 194  100.0
Feed / Fodder 266 64.6 8.9 99.6 0.3 100.0
Socio-economic 222 711 5.6 98.9 12 100.0
Statistics/Database 685 245 24 95.3 4.7  100.0
Others* 395 294 144 82.9 171 100.0
All resources 282 576 8.6 94.4 56 100.0

* Fungi /algae/ bacteria, insect/ pest/ parasite, weed /sea weed, gases

Source: ASC (2001-02)

Withimprovement ininvestment environment, thispatternislikely toevolve

further.

TheKendal coefficient of concordanceindicated smilaritiesin priorities
assigned to different resourcesby indtitutions. The coefficient value (0.876)
had ahighly significant Chi-squarevaue (24.53), leading to rejection of
independence hypothesis. The rank correlations were worked out to
provide sharper details(Table5.18). Thevaueindicatesthat thereare
gmilaritiesinrankingsamongst dl thepublicingtitutions. The private sector
hasacompletely different orientation.

Table 5.18. Spearman rank correlations between resour ce group by

institutions
Institutions ICAR SAUs Other public Private
ICAR 1.00 0.857* 0.904* 0.714
SAUs 1.00 0.952* 0.619
Other public 1.00 0.809
Private 1.00

* indicates significance at 1 per cent level
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4. Regional focus of agricultural research

Indian agricultureishighly diverse. Agro-climatic, socia, cultural and
economic differentiations have given riseto amyriad of farming and
production systems. Everyone agreesthat agricultural development
strategies must factor inthisdiversity. Thisiseven morecrucial for
R&D planning because technology interacts strongly with agro-
ecological and socio-economic variables. Regionalizationis, therefore,
important. All public research institutions have identified relevant
regions-based on their mandate. The Planning Commission and
subsequently, the ICAR demarcated 15 major zones and 126 agro-
climatic zonesin the country, respectively. Inthisstudy, the classification
of Planning Commission has been adopted. Asindicated in Chapter 3,
ICAR's (NARP) zones were integrated with these to accommodate
individual scientists responses.

Figure5.5 showsthedistribution of national research resourcesover the
15 Planning Commission Zones. Overall, 58 per cent of all scientific-
manpower resources are deployed over six zones—6, 8, 9, 10, 11, and
12. Zones 3, 7, and 14, which arerel atively important from poverty point
of view, claimarelatively small (10.6 per cent) share.

Thegreen revol ution focused on the Gangetic Plainsand these (Zones 6,
5, 4, 3) still claim 28 per cent of national research resources. Theseare
areaswhereintensification has been and continuesto be pursued. The
western and eastern coast regions(Zones 12 and 11) area so high potentia
areasand 20 per cent of research resourcesareall ocated there. Rainfed,
semi-arid and arid agriculturedominatesin Zones7, 8,9, 10, 13, and 14.
Nearly 39 per cent of research resourcesare currently deployed inthese
regions. Together withthehill areas(Zones1 and 2), theselagging regions
claim 50 per cent share of national research.

Table5.19 presentsthe estimates of zonal distribution of resourcesfor
each ingtitutional category. It showsthat the aggregate pattern shownin
Fig. 5.5isinfluenced by thevariationin theresearch-resourcesituationin
states. Zones which have strong SAUs (6, 8, 9, 10, 11 and 12) have
larger shares. Morethan 56 per cent of ICAR resourcesarein six zones
(Zones4,5, 8, 10, 11, and 12), the last four have strong state-support
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Fig. 5.5. Allocation of research resources by agro-climatic zones

Figureswithin parenthesesindicate Planning Commission Zones (1. Western
Himalayas; 2. Eastern Himalayas; 3. Lower-Gangetic Plains; 4. Middle-Gangetic
Plains; 5. Upper-Gangetic Plains; 6. Trans-Gangetic Plains; 7. Eastern Plateau &
Hills; 8. Central Plateau & Hills; 9. Western Plateau & Hills; 10. Southern Plateau &
Hills; 11. East Coast Plains and Hills; 12. West Coast Plains and Hills; 13. Gujarat
Plains& Hills; 14. Western Dry; 15. Thelslands)

also. 'Other' publicingtitutionsare concentrated in the Himal ayan region
(Zones1and 2), Middle-Gangetic Plains (Zone 4) and the east and west
coast (Zones 11 and 12) regions. M orethan 58 per cent of their resources
areintheseregions. Private sector investmentsaresmall, and at thistime
these appear to be spread everywhere.

TheCV vaueacrosszonesisthelowest for theprivateR&D. ICAR has
abalancingrole, asindicated by itslower CV (41 percent) ascompared
tothat of SAUs (53 per cent). 'Other’ publicingtitutionsshow more uneven
distribution over zones (64 per cent).

Onepresumesthat thezond dlocation profileisrelated totherelativesize
of the zones. We have used therelative share of zonesinthegrossareaof
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Table 5.19. Regional focus of research resources by institutions

(Per cent)
Region* ICAR SAUs Other Total Private All
public public units

1. Western Himalayas 6.4 75 8.4 7.2 4.2 7.0
2. Eastern Himalayas 6.5 39 99 53 40 52
3. Lower-Gangetic Plains 4.4 2.7 30 33 4.2 33
4. Middle-Gangetic Plains 7.4 43 138 6.2 93 63
5. Upper-Gangetic Plains 9.3 44 6.0 6.1 9.3 6.2
6. Trans-Gangetic Plains 6.8 164 6.7 123 60 121
7. Eastern Plateau & Hills 4.7 31 41 37 46 38
8. Centra Plateau & Hills 10.3 87 46 88 68 87
9. Western Plateau & Hills 6.1 89 44 76 86 7.7
10. Southern Plateau & Hills 9.6  10.1 7.2 97 15 9.8
11. East Coast Plains & Hills10.5 77 98 88 88 88
12 West Coagt Plains& Hills 94 114 159 112 78 110
13. Gujarat Plains & Hills 3.2 68 29 53 63 53

14. Western Dry 2.6 4.3 17 35 4.6 3.6
15. The lslands 29 00 15 11 39 12
All regions 1000 100.0 100.0 1000 100.0 100.0

Coefficient of variation 408 532 638 473 365 458
* Planning Commission zones

the country asaproxy. The correl ation between thetwo ispositive (0.38)
but not statistically significant. Thisimpliesthat mereareaof thezoneis
not an adequate determinant of relativepriority. Vaueof production (VOP)
isanother indicator of the sizein economic terms. These data are not
available. Asan approximation, value of crop and livestock production
was used (Rao 2004, personal communication). Thecorrelation between
research and VVOP shares of zonesworked out to be 0.19 and was not
datidicdly sgnificant. Itimpliesthat Szeof thezonedoesnot affect reseerch
share. It hasbeenindicated earlier that regionspushing yield frontiersand
sudtainability arehigh onthecurrent priority scheme, asarelow productivity
regions (rainfed, semi-arid and hills). Thelatter are also important from
poverty point of view. Table 5.20 substantiates these findings. State
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Table 5.20. Share of institutions in regional research

(Per cent)
Regions ICAR SAU Other Total Private All
public public units
Western Himalayas 268 594 106 96.8 3.2 100.0
Eastern Himalayas 371 419 169 958 42 100.0

Lower-Gangetic Plains 396 454 81 931 6.8 100.0
Middle-GangeticPlains 346 383 193 921 79 100.0
Upper-GangeticPlains 442  39.2 85 920 8.0 100.0
Trans-Gangetic Plains 166 759 48 973 27 100.0
Eastern Plateau & Hills 370 468 96 934 6.6 100.0
Central Plateau & Hills 351 560 47 958 4.2 100.0
Western Plateau & Hills 235 654 51 940 6.0 100.0
Southern Plateau & Hills 29.3 579 65 937 6.3 100.0
East Coast Plains & Hills 356 492 98 946 54 100.0
West Coast Plains & Hills 254 581 127 96.2 3.8 100.0
Gujarat Plains& Hills 177 711 48 937 6.4 100.0

Western Dry region 216 674 42 932 6.8 100.0
The Islands 71.6 00 13 85 175 1000
All regions 297 561 88 946 54 100.0

* Planning Commission zones

indtitutionscontribute morethan 56 per cent to zona reseerchonanaverage,
and nearly 30 per cent iscontributed by ICAR. The SAUs share exceeds
thenational averageinfivezones(1, 6, 8, 9, 14), inal but one of these,
ICAR'sshareisbelow the national average. The correlation betweenthe
twoworksout tobe(-) 0.94. Thisclearly indicatesthat ICAR explicitly
takesloca research capacity into account whileallocating itsresourcesto
regions. It isexpected to do so.

Onceagainthedifferencein ranking accorded to zonesby ingtitutionswas
tested using the coefficient of concordance (W) and Spearman rank
correlations. Thevalesof W (0.523) and Chi-square (29.28) were not
ableto discern differencesinranking by ingtitutions.

Thecorrelaionsreportedin Table5.21 reveal that dl ingtitutionsbroadly
follow ICAR'slead inregional resource allocation. Thisis expected
because only ICAR hasanational vision. Thereisno logical reasonto
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Table 5.21. Spearman rank correlations between regions by

institutions
Institutions ICAR SAUs Other public Private
ICAR 1.00 0.606* 0.743* 0.671*
SAUs 1.00 0454 0.567
Other public 1.00 0413
Private 1.00

* indicates significance at 1 per cent level

expect associationin priority of different institutions becausethoseare
moreregion-specific. The correlationsin Table5.21 are not Statistically

ggnificant.
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Chapter 6
RESOURCE USE EFFICIENCY

Assessing efficiency of research resource useand allocationisatentative
task at most of times. R& D isalong-term and highly uncertain process.
Nevertheless, research managersandingtitutionsare compelled to model
thisasthey allocate limited research-resourcesto the competing goals
and programmes. Historicaly, their experience and knowledge of
agriculture, itscritical constraints, and opportunities offered by science
have stood themin good stead. Ex-post eva uationsshowing highrates of
returnsto investmentsin agricultura research bear testimony to theefficacy
of thissubjective decision process.

It has been argued that research goal s have become more complex now
and it hasbecomenecessary toinject quantitativeand diverseinformation
and analysisin theresearch resourcedlocation decision process. Attempts
have been made to develop normative research resource allocation
scenariosat thenationa level based on multiplecriteria(Jhaet al. 1995,
Birtha et al. 2002, Mruthyunjayaet al. 2003). Such studies have pointed
out that to bereally ableto contribute to decision-making, thesemust be
compared with theexisting resourcealocation profiles. Thiscould not be
attempted because datawere not available. The censusdataenabled some
analysisalong theselinesinthisstudy. Thisisthefirst such attempt at the
nationd levd.

Thesmplest assessment of rationdity involvescomparing researchresource
dlocationwith therdative economicimportanceof different commodities
measured intermsof valueof output (V OP). Estimates of such congruity,
measured ascongruity index, are presentedin Table 6.1 for dl commodities
andwithinindividual commodity groups.

A very highlevel of congruenceisindicated for all commodity-oriented
research. Anindex value of 0.96 impliesthat, on thewhole, research
managers have been responsiveto thecriteriaof economicimportance of
the commodity, the primary determinant of research productivity from
ingtitutional point of view. Within groupsa so, alocation of resourcesto
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individual commoditiesappearsto beinlinewith therelative economic
importance. Condimentsand spicesand, to some extent, plantation crops
are exceptions. The former appears under-researched and the latter
receivesdisproportionately high attention.

Table 6.1. Congruity index for major commodity groups

Commodity groups Per cent share Congruity

VOP FTE scientists index
Cereals (8) 25.8 23.65 0.965
Pulses (7) 3.8 6.79 0.987
Fruits (12) 8.8 8.28 0.926
Vegetables (10) 8.8 6.11 0.969
Condiments/spices (13) 2.9 1.72 0.367
Plantations (4) 2.3 6.58 0.817
Oilseeds (10) 4.7 9.45 0.920
Fibres (5) 3.4 6.98 0.909
Livestock (3) 26.7 15.8 0.938
All commodities (80) 100.0 100.0 0.958
Notes : 1. Figureswithin the parenthesesindicate the number of commoditieswithin

each group

2. Congruity index for commodity groups having two commodities or less
were not measured. However, commodity groups having single commodity
too have been included in all commodities in estimation of congruity
index. The FTE shares do not match thosein Table 5.5 because thistable
relatesto 80 commoditiesonly for which VOP datawere available

Accord betweenva ue-basad priority and thet reveded by rdaivedigribution
of scientistswas al so assessed by working out rank correlations. These
havebeen showninTable6.2for eachingtitutiona category. Except for the
‘other’ public and private categories, the null hypothesisof independence
hasbeen rejected at 1 percent probability level. Thisimpliessimilarity in
priority ranking; in other words, theexisting research resourcedlocationin
thel CAR-SAU systemwhich accountsfor 83 per cent of nationa research
resources, isin linewith theeconomicimportance of commodities. Inthe
‘other’ public and private categories, researchiseither locally focused or
targeted to few specific commoditiesand not to V OPrankings.
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Table 6.2. Estimated rank correlation coefficients: VOP and FTE

shares
Particulars Spearman rank coefficients (r s)
ICAR 0.737*
SAUs 0.786*
Other public 0.317
Total public 0.754*
Private 0.453
All units 0.725*

* Significant at 1 per cent level (one-tailed test)

Though the above analysis indicates overall efficiency in resource
allocation, itisanaive approach with limited discriminatory power. A
number of other objectiveslike sustainability, equity, trade and value-
addition, diversification, etc. have also becomeimportant. In the next
step, asimple scoring model was adopted to generate a normative
alocation profile. Growth, equity, sustainability, and val ue-addition/trade
werethegodsconsdered inthisexercise; thesewere assigned weightages
of 0.40,0.10, 0.25, and 0.25, respectively. The avail able database would
eadly permit evauation of dternativeweighting schemes. Thefina base-
line (FBL) figures obtained from this exercise indicate the normative
sharesof important commodity-groupsbased on multiplecriteria. These
are presented in Table 6.3. In most cases, the difference between VOP
share(Table6.1) and modified values(FBL) aremarginal . A comparison
of results of this study with earlier studies (Jha et al. 1995 and
Mruthyunjayaet al. 2003) showed asimilar patternin allocation of
resources. But, thisstudy emphasizesfor moreimportanceto begiven
to the horticulture and livestock sector.

Thelast two columnsof Table6.3 arerelevant for rational ity assessment.
A ratio (FBL/FTE) greater than unity implies the need for flow-in of
resourcesat the cost of thosewheretheratioissmaller. Thelast column
showsthe needed shiftsintheexisting level of research resources. These
shiftsareon themargin. Thefollowing adjustmentsareindicated by this
andyss.
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Table 6.3. Optimal allocation profile and adjustment coefficients

Commodity Optimum shares FBL/FTE Shift in existing
groups (FBL)* resources (%)
Cereals 0.2440 1.031 +3.19
Pulses 0.0401 0.591 - 40.92
Fruits 0.0923 1115 +11.48
Vegetables 0.0893 1.461 +46.13
Tubers 0.0119 0.408 -59.22
Condiments/ spices 0.0282 1.644 +64.49
Medicinal/ aromatic 0.0065 0.350 - 65.01
Plantations 0.0197 0.299 -70.02
Commercial crops 0.0461 0.938 -6.19
Oilseeds 0.0512 0541 -45.84
Fibres 0.0292 0.418 -58.14
Livestock 0.2914 1.843 +84.31
Fish 0.0499 1.016 +1.66
All commodities 1.0000 0.00

* FBL stands for final base-line. These figures have been derived by factoring in
the criteria of growth, equity, sustainability, value-addition and trade. The scores
given to broad commodity groups and composite scores obtained are shown in
Annexure6.1

Note: Medicinal/aromatic plantsinclude flowers and ornamental group. Commodity
groups like 'trees and plants and 'fodder crops could not be included because of
inadequate data.

Source: ASC (2001-02)

Particulars Commodities

Augmentation of resources Cereals, Vegetables, Condiments/
spices, Fibres, Livestock

At the cost of Pulses, Tubers, Medicinal/aromatic,

Plantation crops, Oilseeds,
Commercial crops

Someof these adjustmentsimply small percentage changes (ceredls, fish),
butinother cases, reldivedy largeshiftsareindicated. Someof these gppear
to be counter-intuitive-the suggestion towithdraw resourcesfrom oil seeds,
commercid crops, pulses, for example. Thereareother factorslikeforeign-
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exchange compulsions, nutrition, projected scenarios, etc. which this
analysishasnot considered but decision-makersmust reckon these. Even
moreimportant isthelimitation that this static exercise doesnot factor in
past adjustments, which go on constantly. Theintention of thisexercise
wasto makethedirection of trade-off explicit. In deciding themagnitudes,
policy plannershaveto consider these aspectsal so.

A similar framework wasemployedto look at therationality of regional
alocations. Thisexercisewasconfined to V OP comparisonsonly because
other datato construct FBL could not be collected at theregional level.
Table 6.4 showsthe VOP and the existing aswell as readjusted FTE
sharesfor 14 agro-climatic zones.

Table 6.4. Reallocation of research resources by regions

Regions* Percent VOP# FTE stientists Shift in exiging
(crop and livestock) (per cent) r esour ces
(per cent)
1. Western Himalayas 3.7 7.1 - 47.80
2. Eastern Himalayas 34 53 - 35.04
3. Lower-Gangetic Plains 75 34 +124.94
4. Middle-Gangetic Plains 4.6 6.4 - 28.86
5. Upper-Gangetic Plains 16.3 6.3 +157.98
6. Trans-Gangetic Plains 154 12.2 + 26.07
7. Eastern Plateau and Hills 99 3.8 +159.67
8. Central Plateau and Hills 0.3 8.8 - 96.43
9. Western Plateau and Hills 0.4 7.7 - 94.87
10. Southern Plateau and Hills  13.4 99 + 35.64
11. East Coast Plainsand Hills  10.3 89 + 15.81
12. West Coast Plainsand Ghat 4.5 n1 - 60.06
13. Gujarat Plainsand Hills 8.0 54 + 47.28
14. Western Dry Region 24 3.7 - 3654

* Planning Commission Zones/ Regions
#Ra0 (2004), persona communication, thesedatawerenot availablefor theldand zone
Source: ASC (2001-02)

Inthiscasetoo, high congruity between VOP and FTE shares (index =
0.962) wasindicated. However, the Spearman rank-order correlation
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wasvery low (0.20) and the null hypothesisof independence could not be
rejected. TheVOP/FTE ratiossuggest that Zones 3,5, 6, 7, 10, 11, and
13 need greater attention in termsof allocation of resourcesin order to
createamorerational resource-alocation profile.

Therationdization exerciseisamplistic and threethingsneed to be noted.
First,amajor weaknessof thisanalysisisthat itisstatic, it comparesthe
actua and optimum sharesin 2001-02. Thishasintroduced bias because
resource-allocation decisionsfactor in past decisonsaswell asfuture
needsand opportunities, neither of which havebeenexplicitly considered
inthisexercise. Nevertheless, in today's constrained environment such
pointerswould be hel pful to the decison-makers. Thesewill dsoassstin
planning of incrementa (plan) resources. Second, inboth commodity and
regional allocations, adjustmentsin the existing all ocation of research
resourceshavebeenindicated. Itisemphasized that the direction of these
adjustments are moreimportant than the absol ute magnitudes. Finaly,
further research in this areais urgently needed. More elaborate and
sophisticated approaches have been proposed and these should be
employed.
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Chapter 7
SUMMARY AND CONCLUSIONS

Thisstudy hasbeen undertaken () to provideaquantitativeand quditative
inventory of agricultura research resourcesinthe country. Therehavebeen
some sporadic and partial efforts by individual researchers, but
comprehensiveinformationislacking. Asaresult, conflicting viewshave
been expressed regarding theleve of public commitment to agricultural
R&D. Managersof public systems, particularly at the statelevel, find it
difficult to meet theexisting and emerging research chalenges, otherstak
about dacksand inefficienciesinthe system; (b) to devel op aprofile of
agricultural research resourceallocation at the nationa level. Intimes of
rapidly changing research needsand new ingtitutional modes, such dataand
analysisarecrucia. Heretoo, past effortshave been partial or normative
(Jhaetal. 1995, Kdly and Rayan 1995, Birthd et al. 2002, Mruthyunjaya
et al. 2003), and anational profile has been lacking; (c) to addressthe
guestion: Isthe existing alocation of research resources consistent with
priorities? There have been sporadi c attemptsin the past confined to specific
commodity or region. Some s mplequantitativeindicators have been used
inthisanalysisto provideanationa perspectiveon thisaspect. Thisisthe
firg effort of itskindinthecountry. Itishoped that thethreeissuesinvestigated
herewill aid agriculturd research planning and policy decisons.

Thisstudy, sponsored by the Indian Council of Agricultural Research, has
used scientific manpower astheindicator of research-resource. A census
of al agricultura scientistsin the country was conducted during 2001-02
for this purpose, covering al public, private, and non-governmental
agricultural R& D ingtitutions. Time allocation and research focus data
provided by individud scientistshave been used to quantify and designate
research resources.

Scientific manpower in agriculture
Inventory
The censusof agricultural scientistshas covered 556 R& D institutions

and 21,869 agricultural scientistsinthe country. Nearly 96 per cent of
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them wereinthepublic system, the nascent private system hasaccounted
for only 4.3 per cent of the scientific manpower resourcesin 2001-02.
The SAU system dominates and accountsfor 63 per cent. The central
research establishment (ICAR) hasalittle over one-fifth of the scientific
manpower. Therearealargenumber of small, non-governmental entities
with someresearch activities. These, and other government departments
employ 12.5 per cent scientists.

Time allocation data have been used to quantify the effective scientific
manpower. Thisgenerated anumber of 10,350 full-timeequivaent (FTE)
agricultural scientistsinthe country — afigure comparableto that of the
USA and second only to China. The manpower shares of ICAR and
private sector are higher in FTE terms (at 29.6 and 5.4 per cent,
respectively) because of higher time allocation for research in these
inditutions.

The ingtitutional structure for agricultural R&D is dominated by a
few largeingtitutions. Morethan 85 per cent of scientistsarelocatedin 18
per cent of theingtitutions. 'Other’ public and privateinstitutionsaccount
for 78 per cent of theinstitutionsin the census: 84 and 78 per cent of
these, respectively, were non-viablewhen assessed against the criterion
of minimum critical Szeof 10researchers.

It is noted that there has been an erosion of scientific strength at the
decentralized (date) leve inrecent years. Other assessmentshave pointed
out that thefinancial situation of state agricultural universitieshasbeen
deteriorating (NAAS2002). Yet the number of SAUs continuesto grow.
Thisimplieslessper unit financiad and manpower support for researchand
often sub-critica gtaff strength for effectiveteaching. Thecentra (ICAR)
and private R& D systemsenjoy much better financia support per scientist
than the state system. Declining support at thislevel, which accountsfor
63 per cent of all scientistsin the country, will have seriouslong-term
impact. Already thereisconcern about productivity of thepublic research
system. Revamping thesate syssem must figure prominently inany scheme
of strengtheningit.
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Attributes

Thepublic agricultura research system compareswiththebest globaly in
termsof skill and experience. Morethan two-thirds of the scientistshold
doctorate degrees and their average experience span exceeded 17 years.
Thedisciplinary-mix isaso highly diverse. However, there are some
worrisome aspectsaswell. Theaverage age of scientistsinthe ICAR-
SAU systemwasaround 45 yearsin 2001 and, given thefact that fresh
appointments have petered out over the past one decade, it must be
ggnificantly higher now. The cadre structure hasbecometop-heavy, partly
becauseof this. Inthel CAR-SAU system, only 43-45 per cent of scientists
wereat theentry level in 2001-02. These numberswould have gonedown
further sincelarge-scal e promotionsamost followed the census. Both
these aspects — aging and top-heavy hierarchical structure — have
adverse productivity impactswhich underminetheadvantagesof high kil
and experienceleve sinthe system. Ignoring of thesetrendswill affect the
long-run productivity of theR& D system aswell ascurtail itscapacity to
tackleemerging problems.

Resour ceallocation profile

Censusresults on participation of scientistsin various activities have
validated the concept of integration of education, research and outreach
in the core public system. More than 91 per cent scientists were
engaged in research, participationin teaching/training and extension was
70 per cent and 73 per cent, respectively. Intermsof timealocation a so,
aclear biasexisted infavour of research. Thetimeallocated for research
wassignificantly higher inthel CAR and private systemsthan SAUsand
‘other’ public institutions where teaching and extension activities,
respectively, were alsoimportant. Over 60 per cent of scientistsreported
involvement in administration and thisclaimed 11 per cent of their time.
Further analys son determinantsof researchtimehasshownthat scientists
insmaller research units spend moretime on research. Research timehas
been found to decreasewith riseinresearch hierarchy, and, by association,
with age. It has been shown (Jha et al. 2004) that both these factors
influenceresearch productivity also. Thesefindingsmakethe caseagaingt
largeresearchindtitutionsand for recruitmentsat theentry level.
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Commodity allocation profile

Analysisof thecommodity allocation profile hasreveal ed that the crop
sector dominatestheagricultural research scenario overwhemingly. Nearly
80 percent of national research resourcesare dlocated to crops; livestock
andfisheriesresearch accountsfor 15 per cent and 5 per cent, respectively.
Therankingissmilar acrossingtitutions, but thelevelsvary. For example,
the crop sector receives 95 per cent of the private sector's research
resources, ICAR alocatesonly 70 per cent. 'Other’ public and private
ingtitutionsdo not have meaningful fisheriesresearch, thelatter givelittle
emphasis to livestock research. The role of ICAR-SAU system in
maintaining adiversified research capacity in the country hasbeen clearly
brought out. Theanaysishasfurther revea ed that more than two-thirds
of all commodity-based research is focused on food (foodgrains,
vegetables, fruits, tubers, livestock, and fish). Food security and hunger
continueto beimportant. Very clearly, the coredomainsand core concerns
of Indian agriculture continueto driveresearch resourcealocationinthe
public R& D system.

Among major commaodity groups, cerealsand pulses, livestock, fruits
and vegetables, oilseeds, and fibre crops have major research
programmes and these accounted for about three-fourths of
national research resources. Their sharewasabout 84 per centin SAUS,
65 per cent inthe ICAR, and 52 per cent in the private sector. Private
research was most narrowly focused — more than 80 per cent of its
resourceswere allocated to cereal s (hybrids), plantation crops, fibres,
and vegetables. For severa commodity groups (fodder crops, flowers/
ornamental's, medicinal and aromatic plants, condiments and spices),
the resource shares at the national level wereonly 1-2 per cent. This
may appear trivial but it should be noted that this amountsto 80-150
FTE researchers! Ingtitutional sharesin research hasshown the dominant
contribution of states (morethan 55 per cent) and the balancing role of
ICAR in bridging research gaps among commodities.

Analysisbased on ranking of different commodity groupsin various
institutions hasrevealed an agreement in priorities between ICAR and
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SAUSs. These are the core constituents of NARS and account for 83
per cent of all research resources. The national research agenda
articulated by ICAR isessentially executed by theseinstitutions. The
rank correlations substantiate this. The other two institutions — "other’
public and private — havedifferent motivations. Local, regional and
market considerations are moreimportant in their case. Accordingly,
their prioritiesare more in sync with SAUs and not with the central

institution (ICAR). Absolute emphasi svaries between institutions. For
example, research onfibres, commercial crops, livestock and fish has
received relatively moreemphasisinthe | CAR whilefoodgrains, fruits
and vegetables and oilseed crops have dominated the SAUsresearch-
mix. 'Other' public institutions have assigned more importance to
plantation crops, medicinal/aromatic plants, fibres, and condimentsand
spices. Private research hasemphasi zed on ceredl s, vegetabl es, plantation
cropsand fibres. Thelast two categories of institutions have accounted
for barely 17 per cent of thetotal number of scientists and the small

numbers have necessitated focus on fewer commodities.

Twoimportant trendshave emerged fromthisanayss. First, ICAR plays
animportant rolein identifying and addressing commodity research gaps
in collaboration with SAUSs. It is expected to do so as the national
institution. Second, SAUs play a crucial bridging role between the
national and local/ privateinstitutions. These contributeto national goals
by participating in national (ICAR) programmes, and al so appear to
shapetheprioritiesof other institutionswhich operate at the state and
local levels. Thesefindingsare consistent with theidealized vision of the
roleof different partnersinthenational system. Thisdifferentiationwill
get sharper.

Detailed information on commodity-wisealocation within eachimportant
commodity group — cereds, pulses, vegetables, fruits, oil seeds, fibres,
livestock, and fish has been shown for the country asawholeaswell as
for eachingtitutiona category. Differencesamong ingtitutional categories
inthisregard have been pointed out. The SAUsdominatethe systemin
termsof research resources. Thisisa soreflected initssharein commodity
researchin the country.
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Resour ce thrust

The census has reveal ed that more than 96 per cent of researchers
could identify the resource thrust of their work, substantiating the
point that aimost all agricultural research is mediated through
resources — germplasm, soil and water, agro-chemicals, power and
machinery, etc. Scientist level datahavereveal ed that nearly 35 per cent
of researchersin the country focus on germplasm resources. Thisisthe
dominant thrust. Agro-chemicalsranked second with 26 per cent share;
nearly 21 per cent isdevoted to soil and water research. Infact, nearly
56 per cent of al researchisfocused on the natural resources(germplasm,
soil and water). A widediversity in agro-ecological environment inthe
country and the need to study it in depth necessitates this priority.
Materia resources(agro-chemicals, power and machinery) have claimed
32 per cent. Power and machinery research has accounted for only
one-fifth of this, atrend which has to be interpreted in the light of
prevaenceof low wagestill recently. Research on human, institutional,
and infrastructural resources has accounted for therest.

Anadyssbased onrankshasrevededthat dl publicR& D indtitutionsfollow
thisbroad pattern. Privateingtitutionshad adifferent resource-orientation.
Asper thefinding with respect to commodities, ICAR playsanimportant
baancing role. For example, it all ocatesmore resourcesto soil and water
and power and machinery ascompared to other publicingtitutions. The
SAUsarelocal-level ingtitutionsand need to guide extension services. A
sharper focuson agro-chemicalsisnoted here. Privateresearchisamost
totally involved with tradabl e resources. Germplasm, agro-chemicalsand
power and machinery account for 88.5 per cent of their research. Thisis
the pattern observed globally and even theinfant private R& D sector
worksexclusively for themarket. Asexpected, theresource-orientations
of public and private research institutions have been different. Thisis
expected to become sharper.

It followsfrom the abovethat thereisno alternative for public R&D
for research on public goods. Natural resources, human and institutional
resources are areaswhere private research hasvery selectiveinterest-
domain, driven entirely by the product-specific interests. The contours
of public-private partnership in research are being debated and this
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issue of comparative advantage must figure prominently in these
discussions.

Regional orientation

Regional resource-alocation analysishasreveaed that Six agro-climatic
zones — Trans-Gangetic, Central Plateau and Hills, Western Plateau and
Hills, Southern Plateau and Hills, East-coast Plainsand Hills, and West -
coast Plainsand Hills — account for morethan 58 per cent of al research
resources. Lower-Gangetic Plains, Eastern Plateau and Hills, and Western
Dry Region arerelatively under-emphasized.

It has also emerged that physical size of the zones or its economic
importanceisnot amajor determinant of research investment. It isthe
strength of the state research system within the zone which contributes
totheregional capacity. Asthe main arm of central assistanceto state
R&D, ICAR hastaken into account the local research-capacity and
sought to bridge the gaps. A high negative correl ation between central
and state sharesindicatesthis. ICAR istheonly ingtitution which hasthe
analytical capacity to translate national goals in regional terms.
Correlations between regional rankings of different institutions have
suggested that all of thesefollow ICAR'slead in allocating resources
regiondly.

Thecurrent regiond profilesuggeststhat while public R& D resourcesare
spread everywhere, thereisafocuson low productivity (rainfed and hills)
zonesand onregionswhich arefacing sustainability threet. Thesepriorities
arewd |-merited. A forward looking policy would perhapscdl for achange.
An open economy perspective callsfor production patterns based on
specidization and comparative advantage. Public R& D effortsshould be
attuned to these, as against the present pattern which isbuilt around a
common agenda.

Efficiency of resource-use

Simplecongruenceandysishasrevededthat at thenationd level, research
resources are broadly allocated in accordance with rel ative economic
importance of commodities. Ingtitution-wise assessment hasrevea ed that
theprioritiesof ICAR and SAUsresearch arein accord with theeconomic
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criterion, but for 'other’ public and private R& D ingtitutions, thetwo are
not. Thisiswhat one expects. Mature public system (like ICAR and
SAUs) having knowledgeabl e scientistsand consultative processes may
lead tothis. Further analysisincorporating additiond criterion likeequity,
sustainability, and trade has suggested the need for adjustmentsin resource
allocated to different commodities. It isindicated that research resources
need to be augmented for cereals, vegetables, commercial crops,
condiments/spices, and livestock, drawing resourcesfrom pul ses, tubers,
medicinal/aromatic, plantation crops, oilseeds, and fibre. Within zones,
Lower—Upper, and Trans-Gangetic Plains, Eastern and Southern Plateau
and Hills, East Coast, Gujarat Plainsand Hillsneed rel atively greater
attention.

Such readjustment proposal sshould beinterpreted asindicative. Research
resource allocation decisions are complex. In addition to the above,
research plannersimplicitly takeinto account factorslike past investments,
severity of constraints, projected supply-demand scenario, probability of
success, existing research capacity, etc. These variables have not been
modelled inthisanalysis. Assuch, it hasonly provided pointerswhich
would help in improving the information base for decision-making,
particularly rdating toincrementa (plan) resources. Morecomprehensive
analysismust follow the present studly.

Research policy issues

° Thelndian agricultural research systemisoneof thelargestinthe
worldintermsof scientific manpower. The skill and experience
levels are also comparable with the best world over. Is it as
productive? Theevidenceisnot reassuring. Thereareanumber of
constraints. It operatesat low capital intensity andisnot ableto
provide adequate operational back-up to scientists, particularly at
the state level. More than 95 per cent of the scientistsarein the
publicingtitutionsand their track recordin efficient use of resources
hasbeen far fromimpressive. Raising investment in agricultural
research specially at the state level, and ensuring its efficient
deployment isthe most critical need of the system. Low capital
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intengty condraintsand thenumericaly dominant Satesystem suffer
modt.

The roles of the centre and states need to be re-examined.
Centralization of the system hasgrown over the past few decades.
Bridging research gaps in the NARS and responding to the
emerging needsand opportunities have necessitated strengthening
of ICAR. Thisstudy has clearly shown therole played by the
ICAR inbaancing theresearch portfolioin termsof commodities,
resourcesand regions. In this process, the numerically dominant
system has got neglected. It now plays a secondary role with
significantly lower operational support. Unlike ICAR where
reformsare always on the agenda, the state system has become
passive. This must change. A larger share of enhanced R& D
spending should moveto the statesto overcome the disparity.
States focus mainly on applied and adaptive end of theresearch
spectrum but thereis no reason to assumethat thisresearchis
lessexpensive. The SAUsact asthe bridge between central and
local R& D and arefar moreimportant in technology adoption
and use. These cannot beignored anymore. Policymakersbemoan
poor off take of technologies but ignore the primary institution
responsiblefor this.

The public system suffersfrom other infirmities. Itisaging and has
becometop-heavy, thanksto unimaginative directivesfrom public
finance managersregarding replacement and recruitments. Research
productivity cannot be sustained, let alone improved in this
environment. Even the current renewal of interestin public R&D
Sdestepsthisissue.

Theoverall research resource alocation profile has been found
congstent with priorities, but adjustments have been indicated with
respect toindividual commodity groupsand regions. Thisimplies
that the efficiency of the existing research-resource bundle can be
enhanced by shifting resources among commodity groups and
regions. Rationalization of thetimeallocation profile of scientists
and induction of younger scientists have been identified asother
avenuesfor raising effectiveresearch input. Theseareimportantin
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timesof stressed publicfunds, becausetheseimply internal resource
generdion. Thisstudy hasprovided pointers. Morein-depthanayss
isneeded to proceed further aong these directions. Themode used
inthisexercisewas static and smplistic, and did not factor in many
relevant variables. Nevertheless, the information and analysis
provided would help in making the process more objective and
trangparent.

Rapid growthin private R& D isvisualized in the short-to-medium
term. The public system will need to respond to thisin terms of
adjustmentsintheir research and investment portfolios. Thereare
domainsof comparative advantage which need to be taken into
account. Thiscallsfor apublic research agendawhich makes space
for theprivateresearch without |osing core capacity anywhere. This
also providesopportunitiesfor shuffling resourcesinthelong-run.
The public-private dialoguein the country has matured enoughto
embark on this path now.

Resourceallocation isthe coretheme of thisstudy. Theother side
of thecoinistheefficiency withwhich research resourcesare utilized.
Imbaancesinfunctiond alocation, poor monitoring and evauation,
duplication, bureaucratic rigidities, etc. have beenidentified asthe
weaknesses of the public agricultural research systemin severa
reviewsof thesystem. Thereare other sciencebodiesinthe public
domain where not much isheard about these. What preventsthe
public agricultural research system from learning from our own
examples? Agricultural researchisthelargest, most varied and
dispersed. Every farmer isaclient. Thesefactorscall for afar more
rigorousdecision-making gpparatusin agricultural research. Thisis
not appreciated; indeed, in recent years, there have been callsfor
trimming this capacity. This is not to make a case for more
bureaucracy, but for moreinformation and analytical capacity at the
institutional level. Unfortunately, this has escaped the attention of
various committeeswhich havelooked at the needed reformsin
public research system.

Findly, thisstudy hasclearly brought out that the core constituents
of the public system ICAR and SAUs, allocatetheir resources
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broadly in tandem with their mandates. The SAUsare effective
partnersin executing national research programmes. They adsolink
national and local prioritiesby influencing the activities of local
ingtitutions, publicaswell asprivate. Therearedeficiencieswhich
underminethe potential productivity of the system, but thebasic
concept of anetwork of central and state research institutionshas
been broadly validated by this study and this needs to be
strengthened further.
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Annexure 3.3.1: Grouping of Disciplines

Code Disciplinesgroup Disciplinesincluded

1 Crop Sciences Biochemistry (Plant), Biotechnology (Plant),
Botany, Genetics and Cytogenetics, Plant
Breeding, Plant Physiology, Seed Technology,
Molecular Biology, Agricultural Entomology,
Nematology, Plant Pathology, Zoology, Plant
Protection Science, Beekeeping, Microbiology
(Plant), Microbial Genetics, Plant Taxonomy,
Forest Pathology, Mycology.

Horticulture Floriculture, Pomology, Olericulture, Horticulture.

Natural Resource Agronomy, Biophysics, Agrostology, Organic/
Management Agricultural Chemistry, Agricultural Chemicals,
Geography, Pedalogy, Physical Chemistry,
Agricultural Physics, Soil Chemistry, Soil Fertility,
Soil Physics, Soil
Microbiology, Soil Microbiology, Chemistry,
Geology, Ecology, Food Science & Technology,
Climatology, Textile Chemistry, Physics, Post-
harvest Technology, Agricultural Meteorology,
Forestry/Silviculture, Environmental Science,

Textile Technology.

4 Engineering Sciences Dairy Engineering, Fish Processing Technology,
Agricultural Structure & Processing Engineering,
Chemical Engineering, Electrical Engineering,
Electronics & Instrumentation, Farm Machinery
& Power, Mechanical Engineering, Soil Water
Conservation Engineering, Environmental
Engineering, Engineering Science and
Technology, Post-harvest Technology /Post-
harvest Engineering, Civil Engineering, Irrigation
and Drainage Engineering, Food Engineering /
Post-harvest Processing.

5 Animal Sciences Animal Genetics & Breeding, Animal Nutrition,
Animal Physiology, Animal Reproduction/ Dairy
Production, Biochemistry
Biotechnology (Animal), Dairy Bacteriology,
Diary Chemistry, Diary Technology, Livestock
Production and Management, Livestock Products
Technology, Microbiology
Pharmacology & Toxicology, Poultry Science,
Veterinary Bacteriology & Virology &
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Annexure3.3.1: Grouping of Disciplines- Contd.

Code Disciplinesgroup

Disciplinesincluded

6

7

8

Fishery

Social Sciences

Others

Microbiology/Epidemiology, Veterinary
Medicines, Veterinary Parasitology, Veterinary
Pathology/Animal Virology, Veterinary Public
Health, Veterinary Surgery & Radiology and
Anaesthesiology, Veterinary Science, Veterinary
Helminthology, Veterinary Immunology,
Veterinary Gynaecology & Obstetrician,
Veterinary Anatomy, Animal Husbandry, Animal
Feed Technology/ Feed & Fodder Technology,
Ornithology (Birds), Dairy Science.

Fish and Fisheries Sciences, Fish Breeding, Fish
Processing Technology, Marine Biology, Marine
Chemistry.

Agricultural Economics, Agricultural Extension,
Home Science, Home Science Extension, Human
Nutrition, Sociology/Psychology, Food &
Nutrition, Bus ness Management, Family Resource
M anagement/Home M anagement, Anthropol ogy,
Child Development, Clothing and Textiles, Politica
Science, Agricultural Research Management.

Statistics & Maths, Computer Sciences, Bio-
Informatics.
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Annexure3.3.2: Grouping of Commodities

Code Commodity groups

Commodity included*

1

2

BERBR

16

Ceredls
Pulses

Vegetables

Fruits

Tubers
Plantation Crops

Flowers/ Ornamentals
Medicinal/ Aromatic
Condiments/ Spices

Oilseeds

Fibres

Commercial crops
Fodder Crops
Trees and Plants
Livestock

Fish

Rice, Wheat, Jowar, Bajra, Maize, Barley, Food
products, Coarse ceredls, Triticale, Nagli, Ragi.
Gram, Pigeonpea, Mung, Lentil, Guarseed, Math,
Cowpea, Rajmah, Dry pea, Khesari, Legumes.
Onion, Brinjal, Cabbage, Cauliflower, Okra, Pea
green, Tomato, Green chillies, Carrot, Mushroom,
Capsicum, Garlic, Beans, Cucurbits, Pumpkin,
Watermelon, Melon, Bitter gourd, Bottle gourd,
Cucumber, Other gourd, Radish.

Apple, Chikoo, Pomegranate, Pear, Grapes, Guava,
Litchi, Mango, Papaya, Strawberry, Banana, Peach,
Sapota, Pineapple, Ber, Custard apple, Amla, Other
arid fruits, Almond, Cashew nut, Apricot, Walnut,
Date palm, Other dry fruits, Mausambi, Lemon,
Orange, Kinnu, Other citrus, Plum, Jamun, Jackfruit.

Potato, Sweet potato, Other tuber, Yams, Tapioca.

Tea, Coffee, Rubber, Other plantation crops, Betel
vine.

Flowersand Ornamental crops.

Medicinal & Aromatic crops.

Tamarind, Dry chillies, Ginger, Turmeric, Pepper,
Areca nut, Coriander, Cardamom, Cumin seed,
Nutmeg, Clove, Olive.

Soybean, Groundnut, Rapeseed & Mustard
(including Toria), Sesamum, Linseed, Sunflower,
Castor, Safflower, Nigerseed, Coconut, Oilpalm.
Cotton, Jute, Mesta & Sanhemp, Silk, Sisal,
Mulberry, Clothing & Textile.

Sugarcane and Tobacco.

Barseem, Fodder grasses, Forage crops, Oat.
Bamboo, Teak, Eucalyptus, Neem.

Cattle/ Cow, Buffalo, Goat, Sheep, Camel, Poultry,
Duck / Other birds, Rabbit, Pig, Yak / Mithun,
Donkey/Mule/Equine/Horse, Milk & milk products,
Meat & meat products, Honey, Wool, Dog,

Rodents, Wild animals, Deer, Lab animals,
Invertebrates, Rat, Canine.

Marinefish, Inland fish, Prawn & Shrimp, Pearl &
Mussel, Shell fish, Molluscs, Fresh water fish.

* |n all groups, an omnibus category 'Others’ have been included
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Annexure3.3.3: Grouping of Resour ces

Code Resourcegroup Resour cesincluded

1 Geamplasm Plant germplasm, Animal
germplasm, Fishery germplasm

2 Soil-water Soil, Water

3 Agro-chemicals Fertilizer, Bio-fertilizer, Pesticides,
Agricultural chemicals, Drugs &
vaccine, Diagnostics

4 Power and machinery Power, Computer, Agricultural
equipments, Gases, Biogas

5 Feed and fodder Feed and fodder

6 Human and institutional resources  Statisticsand database, Human and
institutional resources

7 Socio-economic Socio-economic factors, Farmers,
Human subjects, HRD

8 Others Fungi/Algae/Bacteria, | nsect/Pest/

Parasite, Weed/ Sea weed
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Annexure 4.1: Number of Scientists by Designation in State
Agricultural Universities, 2001

State Agricultural Universities Assistant Associate  Professors
Professors Professors & above

Assam Agricultural University, Jorhat 98 314 163
AcharyaNG RangaAgricultural University, Hyderabad 554 320 152
Birsa Agricultural University, Ranchi 22 50 20
Bidhan Chandra Krishi Vishwavidyalya, Nadia 79 84 81
Central Agricultural University, Imphal, Manipur 19 10 -
Chaudhary Charan Singh Haryana Agricultural University, Hisar 213 358 301
ChandraShekar Azad University of Agriculture& Technology, Kanpur 102 7 77
Govind Balabh Pant University of Agriculture & Technology, Pantnagar 191 83 183
Gujarat Agricultural University, Ananad, Gujarat 388 345 69
CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur 172 101 63
IndiraGandhi Krishi Vishwavidyalaya, Raipur a7 63 12
Jawaharlal Nehru Krishi Vishwavidyalaya, Jabal pur 266 430 23
KeralaAgricultural University, Trichur 201 267 49
Dr Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli 150 65 31
Maharana Pratap University of Agriculture & Technology, Udaipur 163 95 39
Mahatma Phule Krishi Vidyapeeth, Rahuri 354 157 77
MarathwadaAgricultural University, Parbhani 109 72 23
NarendraDevaUniversity of Agriculture & Technology, Faizabad 113 57 50
OrissaUniversity of Agriculture & Technology, Bhubaneshwar 127 114 25
Punjab Agricultural University, Ludhiana 498 193 451
Dr Panjabrao Deshmukh Krishi Vidyapeeth, Akola 299 163 54
Rajasthan Agricultural University, Bikaner 264 144 45
Rajendra Agricultural University, Pusa, Samastipur 147 191 14
Sher-e-Kashmir University of Agricultura Sciences& Technology, Srinegar 136 52 24
Sher-e-Kashmir University of Agricultural Sciences& Technology, Jammu 107 47 13
Tamil Nadu Agricultural University, Coimbatore 352 172 206
Tamil Nadu Veterinary & Animal Sciences University, Chennai 225 72 107
University of Agricultural Sciences, Bangalore 210 369 155
University of Agricultural Sciences, Dharwad 337 202 0
Uttar BanglaKrishi Vishwavidyalaya, Coach Behar 34 11 8
West Bengal University of Animal & Fishrery Sciences, Kolkata 44 18 41
Dr Yashwant Singh Parmar University of Horticulture & Forestry, Solan 161 67 12
All units 6182 4763 2688
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Annexure 4.2: Number of Scientists by Designation in ICAR
Institutes, 2001

ICAR Institutes Scientists Senior Principal
Scientists  Scientists &
above
Deemed universities 359 465 189
Central institutes 1173 960 403
National bureaux 102 111 28
Project directorates 110 102 44
National research centres 208 119 70
All units 1952 1757 734

Annexure 6.1: Scores Assigned to Different Criteria for Resource
Allocation

Commodity groups Scor es (scale 1-5)

Growth Equity Sustain-Value-addition Composite
ability & export score

Cereals 3 5 4 3 0.7275
Pulses 4 5 5 4 0.9200
Fruits 5 3 4 4 0.9100
Vegetables 4 4 4 4 0.8500
Tubers 1 5 2 1 0.3425
Condiments/ Spices 3 3 4 5 0.8125
Medicinal/ Aromatic 2 2 4 2 0.5250
Plantations 3 1 1 4 0.5600
Commercial 4 1 2 2 0.5650
Oilseeds 5 4 4 5 0.9925
Fibres 3 2 1 4 0.5800
Livestock 5 5 5 4 1.0000
Fishery 3 4 4 5 0.8325
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