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Abstract

Quantification of adoption and Impact of crop and resource management technologIes IS complex, although
thIS area of research shares a slgmficant proportIon of research resources ThIS publIcation dIscusses some
methodologIcal complexltles m assessmg the Impact of crop and resource management technologIes, and
estimates the Impact and spread of vanous components ofa technology, popularly known as the Groundnut
Production Technology Collaborative research by ICRISAT and the IndIan NARS resulted m the develop
ment of thIs technology, some of ItS components are now used m IndonesIa and VIetnam The technology
was developed m 1986, and wIdely tested on farmers' fields dunng 1987-91 The technology mtegrates
vanous crop and resource management options, whIch mcludes land management, nutnent management,
msect pest and dIsease management, seed management, and water management Based on a survey con
ducted m Maharashtra, IndIa, the study observed partIal and step-WIse adoption of dIfferent components of
the technology that range between 31% for raIsed-bed and furrow method of land management to 84% for
trnproved vanetles In companson to the prevmlmg technology, the groundnut production technology gIves
38% hIgher YIelds, generates 71% more mcome, and reduces unIt cost by 16% The technology also contnb
utes m Improvmg the natural resource base, and eases certam women specIfic agncultural operatIons The
total net present value of benefits from collaboratIve research and technology transfer IS more than VS$ 3
ml1lIon, representmg an mtemal rate of return of 25% The study suggests Important lessons for research and
technology transfer pohcIes, and for development of future research pnontles

Resume

L'evaluatlon de l'Impact de la technologle de gestzon de cultures et de ressources le cas de la technologze de la productzon de
l'arach,de La quantIficatIon de l'adoptIon et de l'trnpact des technologIes de gestIon de cultures et de ressources
est un processus complexe Cet ouvrage eXamIne des compleXltes methodologIques de l'evaluatIon de l'tmpact
des technolOgIes de gestIon de cultures et de ressources Plus preClsement, 11 determme l'tmpact et la dIffuSIOn des
composantes de la technologIe denommee la "technologIe de la productIon de 1aracrude (GPT, Groundnut
ProductIon Technology) ffi1se au pomt dans Ie cadre de la recherche collaboratIve reahsee par I ICRISAT et les
systemes natlonaux de recherche agncole (SNRA) de l'Inde Quelques composantes de cette technologIe som
actuellement uttlIsees en Indonesle et au VIetnatn MIse au pomt en 1986 et largemem testee en ffi1heu reel
pendant les annees 1987-91, cette technologIe mtegre dIverses options de gestIon de cultures et de ressources, y
compns l'explOltanon de terres, d'elements nutntIfs, la lutte contre les msectes nUlsIbles et les maladIes, la gestIon
de semences et l'explOltatlon des eaux Vne etude effectuee dans 1etat mdIen de Maharashtra a penms de
constater une adoptIon partlelle et etagee des composantes dtfferentes de la technologIe, allant de 31% pour la
methode d'explOltatlon de terres dne 'de planches elevees et sl1lons", Jusqu'a 84% pour les vanetes atnehorees
Par rapport a la technologIe dIspomble precedemment aux paysans, la nouvelle technologIe GPT donne des
rendements 38% plus eleves, engendre 71% de revenue en plus, et redUlt Ie cout urutarre de 16% En outre, elle
contnbue a l'enncrussement de la base de ressources naturelles, et rend plus faCl1es certatnes operanons agncoles
effectuees partlcuherement par les femmes La valeur actuelle nette totale des benefices decoulant de la recherche
collaborative et du transfert de technologIe est de 1ordre de VS$ 3 mtIhons, ce qUI se tradUlt par un taux mteme
de rendement de 25% Enfin, I etude propose des le«yons tmportantes pour les pohnques de recherche et de
transfert de technologIe, atnSI que pour l'elaboratlon des pnontes de la recherche future
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Introduction

Studies measunng returns to mvestment on agncultural research and technology transfer

for a wide range of commodmes and countnes have shown high social payoffs, suggestmg

that mcreasmg mvestment on agncultural research and technology transfer would be

worthwrule (Akmo and Hayaml 1975, Arndt et al 1977, Evenson and Jha 1973, Lmdner

and Jarrett 1978, Ruttan 1982) The tOPiC has been well reViewed by Arndt et al (1977)

and Ruttan (1982) Most of the earher studies were confined to the quantIficatIon of

research benefits at the aggregate level With a focus on Improved vanetIes AdoptIon

assessment and evaluatIon of returns on research mvestment related to crop and resource

management mcludmg research on crop husbandry, s01I-water-nutnent management,

and plant protectIon measures received httle attentIon, although tills area of research

shares a slgmficant propomon of the research resources For example, at the Interna

tIOnal Crops Research InstItute for the Semi-And TropiCS (ICRISAT), about 30% of the

research expenditure was associated With the resource management program m 1991 and

1992 (ICRISAT 1993) Traxler and Byerlee (1992) reported that crop management re

search accounted for about one-half of all mvestment m crop research Earher studIes m

tills area of agncultural research were concerned mamly With assessmg the diffuSIOn of

different components of technology, and determmmg the constramts to their adoptIon

Traxler and Byerlee (1992) attempted to evaluate the returns to mvestment m crop and

resource management research and reported a posltlve rate of returns

The objectIve of crop and resource management research IS to raise productIon potential

by generatmg research mformatIon on vanous crop productIon components and mtegrat

mg them mto a package of technology optIons Figure 1 depicts a model research process

adopted to develop crop and resource management technology The figure IS orgamzed

m three parts (1) the left-hand pomon shows mdependent research dnd development

processes of dIfferent crop and resource management practIces over tIme and space, (2)

the middle component depicts the process of mtegratmg and packagmg all the Important

technology components denved from the first stage, and (3) the nght-hand Side shows

the technology dlssemmauon process and adoptIOn of vanous technology components

Alternauve technology opuons are reViewed and evaluated at all three stages, and refined

for their adaptablhty to different regIOns or ecolOgical conditIons

AdoptIon and Impact assessment studies related to technolOgies denved from crop and

resource management research often become comphcated when the techn.Jlogy optIons

are modified and/or pamally adopted at farm level The technology packages are dIVISible

and can easl1y be dlsaggregated mto subsets of one or two or a mixture of components,
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proVIdmg fleXlbIhty to farmers who tend to opt for only those components wh1ch meet

the1r obJectIves, e g , proVIde a h1gher rate of return on capital expend1ture or alleVIate

major productIon constramts A h1gh degree of spatIal and temporal vanab1hty IS ob

served m the adoptIon of d1fferent technology opt10ns related to crop and resource

management research EVIdently, these constram the assessment of the adoptIon process

and 1mpact evaluatIon of vanous technology components A systematIc appra1sal 1S,

therefore, needed to quantIfy the returns to research mvestment m crop and resource

management research Tills study 1S an attempt m tills d1rectIon

The study has three objectIves

• First, to develop a framework to understand the adoptIOn pattern of a package

related to crop and resource management research

• Second, to est1mate the adoptIon rate of d1fferent crop and resource management

components

• Th1rd, to estImate research and technology transfer costs, and quantIfy benefits

from crop and resource management research and technology transfer related

Investment

The study evaluates a spec1fic technology - the Groundnut ProductlOn Technology

(GPT) - a Jomt research product of ICRISAT and the Indmn NatlOnal Agncultural

Research System (NARS) program on genetIc enhancement, crop and resource manage

ment research, and technology transfer The technology a1med at enhancmg the

productlOn of groundnut, an lffiportant Ollseed crop willch contnbutes more than 55%

to oIlseed productlOn m Ind1a

The paper 1S d1v1ded mto S1X parts The mtroductory sectIon descnbes the background

and objectIves willIe the second sectIon presents the h1story of the GPT and 1tS d1ssem1

natIon m farmers' fields Tills 1S followed by a descnptIon of the research evaluatIon

framework to assess adopnon and evaluate the 1mpact ot GPT Tills secnon also

presents the samphng desIgn used to conduct the study The fourth secnon presents the

results of the study, and the paper concludes WIth lffiphcatIons for furtller research,

pohey recommendatIons, and outlmes pnontIes for research

History of the technology

The development of GPT m Indm evolved W1th the need to enhance groundnut produc

non and yIeld to meet the nsmg demand m the country and to reduce the lffipOrt of

edIble oIls In 1986, the Government of IndIa mtroduced a maSSIve program known as
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the 'Ouseed Technology MIssIOn', allocatmg more resources to research and technology

transfer actlVltleS, and offenng remuneratlve pnces to Ollseed producers, among other

measures ICRISAT, through ItS Legume On-Farm Nursery Network (LEGOFTEN)

was an actlve partner WIth the MmIstry of Agnculture and the NARS m Identlfymg ap

propnate technology optlons for mcreased groundnut productIOn and transfernng

these dunng the penod 1987-91 LEGOFTEN YIelded desIrable results The area under

groundnut expanded from 6 84 mllhon ha m 1987/88 to 867 muhon ha m 1991/92, and

productlon mcreased from 5 88 mllhon tons m 1987/88 to 7 07 mtlhon tons m 1991/92

(Government of IndIa 1993) Productlon of other Ollseeds also substantlally mcreased

durmg the late 1980s

After reVlewmg all avaIlable and relevant research mformatlon and carefully Identlfymg

productlon constramts m the major Ollseed-producmg regIOns m IndIa a technology

package was mtegrated at ICRISAT Thts package was thoroughly dIscussed WIth the

NARS and State Departments of Agnculture Smce a pamcular technologIcal package

performed well m one type of enVIronment and poorly m another, a umque technology

package was suggested for each locatlon after charactenzmg SOlI, chmate, nutnents, wa

ter, pests, and dIseases Several on-farm tnals and demonstratIons were conducted m

eIght Indtan states, covenng Andhra Pradesh, GUJarat, Karnataka, Madhya Pradesh,

Maharashtra, Onssa, TamIl Nadu, and Uttar Pradesh These on-farm tnals were

launched under LEGOFTEN Durmg the on-farm tnals, the suggested technology op

tlons for dtfferent locatlons were regularly momtored, adjusted, and refined to meet local

reqUIrements For example, when the crop showed symptoms of Iron defiCIency, the

apphcatlon of ferrous sulphate was speCIfically recommended, and added to the technol

ogy package The followmg steps were adopted to develop GPT optlons for on-farm

tnals

(a) IdentIfy major constramts

• IdentIficatIOn of farm-level constramts related to SOlI, water, nutrIents, msects, and

dIseases,

(b) Test avaIlable technology optlons

• reVIew of relevant ICRISATINARS research results that could alleVIate productIOn

constramts,

• collatlon of pubhshed and unpubhshed hterature for relevant research actlvltles,

• determmatlon of research components and mtegratlon of these mto a package for

on-statton and on-farm tnals,

4



• d1scusston of vanous technology optIons W1th the NARS, Departments of Agncul

ture, and such 1mportant agenc1es as the NatIonal Da1ry Development Board

(NDDB),

(c) D1ssemmate new technology components

• conduct 141 on-farm tnals )omtly W1th NARS and State Departments of Agncul

ture to demonstrate the potentIal of GPT m companson to eXlStIng practIces,

• conduct 1338 on-farm demonstratIons by the State Ol1seeds Growers' CooperatIve

FederatIon through NDDB dunng 1987-91, and 447 on-farm demonstratIOns by

d1fferent State Departments of Agnculture dunng 1987-91,

• conduct trammg programs for extensIOn staff, and orgalllze farmers' days to

d1ssemmate the technology,

(d) Complementanty between vanetIes and resource management

• modIficatIon and adaptatIon of technology optIons to smt local reqmrements

• Important GPT optIons are hsted m Table 1 The components of the GPT can

broadly be dlVlded mto

land management preparatIon of ra1sed-bed and furrows (RBF) for groundnut

productIon,

nutnent management effic1ent apphcatIon of macro- and ffilcro-nutnents,

1mproved vanetIes h1gh-Yleldmg vanety seeds, seed rate and seed dressmg/

treatment,

msect and pest management effectIve control of msects, d1seases, and weeds,

and

water management 1mprove effic1ency of 1rr1gatIOn use

Four components of the GPT package were m use by the farmers before the package was

mtroduced These mcluded (1) 1mproved vanetIes, (11) smgle super phosphate, (111) seed

dressmg, and (lY) seed drymg Other components have been developed through NARS

R&D, and ICRISAT's Groundnut Improvement Program ICRISAT's Resource Man

agement and Farmmg Systems Programs had research data on the land management and

configuratIon system Th1S area had been extens1vely researched by ICRISAT SC1entIsts

smce the m1d-1970s, so understandably, ICRISAT was mterested m the performance of

these components Tills collaboratIon Wlth Ind1an NARS and Mm1stry of Agnculture m

the technology transfer program proVlded an OPPOrtulllty to confirm the smtab1hty and

Vlab111ty of the concept m farmers' fields
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Table 1 Important components of the groundnut productIon technology (GPT)
package and local practIces

Component Improved package (GPT) Local practIce

Land management RaIsed-bed and furrow

Seedbed (RBF) Flat

Nutnent management (ha I)

Farmyard manure 5-12 t lOt

AmmonIum sulphate 100 kg DIammOnIUm

phosphate 100 kg

Smgle super phosphate 300-400 kg Murate of potash 100 kg

Zmc sulphate 10-20 kg every 3 years 20 kg

Ferrous sulphate 2-3 g kg 1

Gypsum 400 kg 200 kg

Seed

Improved varIety ICRISAT vanetles Local vanetles

Seed rate 125-150 kg ha 1 120-125 kg ha I

Seed treatment Thtram, BaVIStln® or ThIram
DIthane M 45®

DIsease and pest management BaVIStln®, dImethoate, Need-based

monocrotophos

Water management Furrow or spnnkler Flood

The RBF was VIewed as an Important component of the GPT It IS prepared by openmg

a furrow 30 cm WIde and 22 5 cm deep at 1 5-m mtervals to sow four rows of groundnut

WIth a dIstance of 30 cm between rows ThIs specIfic land preparatlon system IS known

as broad-bed and furrow (BBF) Over a penod of tIme, the concept ofBBF was modIfied
~~~~~-

IO SUIt me reqUlrements of the farmers mto narrow-bed and furrow, a bed of75 cm, and

ndge and furrow systems (FIgure 2) Tradmonally, farmers use 1-2 harrowmgs to sow

groundnut on flat land The advantages of raIsmg the bed and formtng furrows were to

(1) reduce SOlI erOSIOn, (n) provIde surface dramage, (m) concentrate organIc matter and

fertIlIzer applIcatlon, and (IV) reduce SOlI compactlon around plants It was InItlally de

SIgned for the mIcro-watershed of the VertIsol technology to achIeve optlmal use of land

and water resources m ramfed agrIculture
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Broadbed-and-furrow Ideal for rainy and postralny seasons,
under spnnkler In all sOils

112m ---_

2 Bed and furrow Ideal for rainy and postralny seasons under
furrow Irrigation In sandy loam sOils

---75cm-

3 Narrow bed or ndge and furrow Ideal for postralny seasons
under furrow Irrigation In black and latentlc red sOils

Figure 2 The raised-bed and furrow (RBW) method of groundnut cultlvatlOn
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On nutrient management, GPT suggested a balanced and efficient use of macro- and

micro-nutrients to control nutrient mmmg from the soil These mc1uded use of ammo

mum sulphate, smgle super sulphate, gypsum, zmc sulphate, and ferrous sulphate These

were recommended after nutnent defiCienCies were detected m groundnut-growmg

regIOns The applIcation of macro-nutnents - ammoruum sulphate and smgle super

phosphate - had been preViously recommended, and was adopted by farmers even be

fore the GPT was packaged thiS recommendation was essential because these fertIlIzers

supply rutrogen, phosphorous, sulphur, and calcIUm, that are essential for the groundnut

crop Gypsum was recommended as a source of calcIUm to Improve pod development

Zmc sulphate and ferrous sulphate were recommended to overcome z10c and rron defi

CienCies Potdar and Anders (1995) reported that Iron chlorOSIS led to groundnut Yield

reductions of 32% for pod, 18% for fodder, and 25% for total dry matter productIOn

Therefore, the use of ferrous sulphate was considered Important to mcrease groundnut

Yields

Leaf spot, rust, collar rot, and bud necrosIs are common diseases of groundnut The

yield losses due to these diseases were estimated to be 20-25% SimIlarly, 15-20% Yield

losses were caused by 10sects (pawar et al 1993) Collar rot and other seedlmg diseases

are also common 10 groundnut crops Very few farmers treat their seed With fungiCides

FungiCidal seed treatment was mcorporated mto GPT package Sirmlarly, herbiCides and

pestiCides recommended by ICRISAT and NARS, to control weeds and pests before the

GPT was developed were also 10cluded m the package

Water management IS another Important component of the GPT as ImgatIon water IS

scarce m the semi-and trOPiCS IrngatIon-use effiCiency 10creases With the use of furrows

compared to tmgatIon on flat land Sprmkler rrngatIon was 10cluded 10 the GPT to

enhance tmgatIOn water-use effiCiency

VanetIes developed at ICRISAT were recommended as part of the GPT Generally,

farmers were adopting either local or Improved vanetIes released m the mld-1970s

ICRISAT vanetIes were hlgh-YIeldmg and less susceptible to pests and diseases

Most of the above components of the GPT package were not new, they were known and

mdependently recommended earlIer by vanous research 1OstItutIons, mcludmg

ICRISAT Irorucally, their adoption at farm level was lImIted, and the most often Cited

constramts were 10adequate mformatlOn and msufficlent resources The aim of thiS

publIcatIOn IS to confirm the effectiveness of the technology transfer program )omtly

undertaken by ICRISAT and the Indian NARS, and to evaluate the benefits gamed by
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farmers when the technology optIOns recommended for groundnut productlon were

adopted The cntlcal role of ICRISAT as a catalyst m partnerslup WIth the NARS m tlus

program wIll be exammed The authors also descnbe how the essentlal components

were taken up and how populanzatlon of the GPT amongst pohcy makers, extensIOn

personnel, and farmers has mfluenced the adoptlon process

Research evaluation framework

Sampling

A key ISsue m the assessment of adoptlon of crop and resource management technology

packages IS the definltlon of adopters ThIS IS because several components of the technol

ogy package are already known and adopted even before the mtroductlon of the package

Another Issue IS that farmers are free to choose and adopt any subset of the technology

package To systematlcally evaluate the adoptIOn process, components of the package

were categonzed and key components were selected to dlstmgUlsh farmers who adopted

the full package, those who only adopted some components, and those who contlnued to

use components that were recommended before the mtroductlon of the GPT The

analysIs also consIdered evaluatlon of adoptlon where one key component was selected to

dIStlngUIsh the adopters of the technology package A hIgh correlatIOn of adoptlon of thIS

component WIth other technology optIOns IS an Important conslderatlon m selectmg tlus

key component The selected component should also be dlstmgUIshed from technolo

gIes practlced before the package was mtroduced

In the case of GPT, the raIsed-bed and furrow (REF) method of land configuratlon was

selected as the key component to dIStInguIsh the adopters of the technology It was

noted that thIS component dlstmgulshed the GPT from any technologIes recommended

earher Other components also dIffer from those recommended earher but largely m

terms of therr recommended quantlty

As stated earlIer, the technology was targeted at eIght states of the IndIan semI-and trop

ICS Andhra Pradesh, Gu)arat, Karnataka, Madhya Pradesh, Maharashtra, Onssa, TamIl

Nadu, and Uttar Pradesh Upon revlewmg the recommendatlons for groundnut produc

tIon m dIfferent states, It was noted that the REF component of the GPT was deleted

from the recommendatlons by almost all the state Departments of Agnculture

Maharashtra was the sole exceptlon, because the method IS most SUIted to the agrochmatIc

condmons of tlus state Therefore, It was only m Maharashtra that government and non

government agenCIes followed up the diSSemmatlon of the technology even after ICRISAT
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wIthdrew Its on-farm actlVlOeS Smce the obJectlve was to assess the adoptIOn and evaluate

the Impact of the package, and the RBF method was the decIdmg componen~, Maharashtra

state was selected to confirm the adopuon of the technology

Maharashtra state spans the western and central part of IndIa Verusols are the maJor

type of soIl m thIS state where about 800 000 ha are allocated to the groundnut crop, thIs

accounts for about 10% of the total groundnut area m IndIa

Mulu-stage straufied random samphng was used to select a representauve group of farm

ers to track the adoptlon of chfferent components of the GPT

As a first step, all dIStnctS groWIng summer groundnut were stratIfied Into hlgh- and low

IntensIty categones accordIng to area grown The top 50% groundnut-growmg dIstrIcts

were all categorIzed as hIgh IntenSIty, whIle the lower 50% groundnut-growIng dlStnctS

were claSSIfied as low-IntenSIty Two dIStnctS, Parbharu and Nanded, from the lugh

IntenSIty stratum, and two dIstncts, Yavatmal and AmravatI, from the low-IntenSIty stra

tum, were randomly selected The Important features of groundnut productIon In these

four selected dIstncts are gIven In Table 2

Each selected dIstnct In the second stage of samplIng was further stratlfied Into three

groups of talukas dependIng upon whether the IntenSIty of groundnut cultIvatlon was

Table 2 Area, productIon, and yield of groundnut In selected districts of
Ataharashtra, India, 1994

Area ProductIOn YIeld
DIstnct (ha) (t) (kg ha I)

Amravan 1133 1333 1224
(400)1 (523)

Nanded 23433 28767 1234
(8232) (9230)

Parbham 47167 73567 1558
(8403) (9403)

Yavatrnal 9267 11900 1282
(5082) (7097)

Maharashtra State 233900 384850 1640
(2695) (3906)

I Numbers m parentheses represent the percentage share of summer groundnut m total groundnut
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lugh, medlUm or low All talukas m a dIstnct were hsted m descendmg order of the area

under groundnut The top 33% groundnut-producmg talukas were classIfied as hIgh m

tensIty, the next 33% as medlUm, and rest as low-mtensity groundnut-producmg areas

Three talukas, one from each stratum, m every dIstnct were selected to cover representa

tive groundnut-producmg areas The low-mtensity talukas m Amravau dIstnct were left

out of the samphng because the area under groundnut dunng the summer season was

very small

The vl1lages m each taluka were then wV1ded mto three strata accordmg to whether the

area under groundnut was lugh, medlUm, or low, m consultation Wlth the Sub-DIvIsIOnal

Officer of the Trammg and VlSlt (T&V) Program of the Department of Agnculture One

vl1lage from each stratum was randomly selected to make a total of three V111ages from

each taluka ThIs approach was followed umformly except m two cases - Pathan m dIs

tnct Parbham, and Yavatmal m dIstnct Yavatmal - where the area under groundnut was

almost ml To select the final samphng umt, the farm household, a random selection of

farmers was made from each V111age WIth the sample SlZe dependmg upon total number of

groundnut producers m that V111age In all, the study sample was 355 farm households

(Table 3)

Table 3 Number of talukas, Vlllages, and sample farmers III selected dIstricts,

Maharashtra

DIStnct Talukas VIllages Sample farmers

AmravatI 2 6 60

Nanded 3 9 100

Parbham 3 8 100

Yavatmal 3 10 95

All dlStnCtS 11 33 355

Data

Informauon was collected from selected farmers usmg a speCIally structured quesuon

naIre Farmers were personally mterVlewed from late-1994 to mId-1995 Data on the

folloWlng aspects were collected from the farmers for the 1994/95 crop season

11



• SIze of holdmg, operanonal area, lrngated and nomrngated area,

• Land use and croppmg pattern,

• Technology adoptIOn

total groundnut area,

first year of adopnon of dIfferent components of GPT,

extent of adopnon of dIfferent components of GPT m the first year,

extent of adopnon dunng the last 3 years endmg 1994, and

mochficanon m technology components, If any

• Cost of groundnut producnon accordmg to Item and operatIOn,

• YIeld and pnce of groundnut and Its by-product,

• Farmers' percepnon on sustamabulty Issues, and

• Constramts to adopnon of GPT

Informanon was also complIed from the T&V Program of the Department of Agncul

ture, the Office of the Agncultural Development Officer, and several traders dealmg wIth

components of the GPT

Analytical framework

Tlns sectIOn descnbes the analyncal framework used to esnmate the adopnon of vanous

technology optIons and quannfy theIr Impact ThIS IS dIVIded mto three parts The first

part deals WIth the framework for adopnon assessment, the second With the attrIbutes

govermng adopnon, and the thIrd gIves the method for Impact assessment

Adoptzon assessment framework

Adopnon at the farmer's level IS commonly defined as the degree of perSIstent use of a

new technology when the farmer has complete mformanon about the new technology

and ItS potennal benefits At the aggregate level, It IS defined as the process by WhICh new

technology spreads wlthm a regIOn In theIr pIOneenng reVIew, Feder et al (1985) com

mented that most adopnon research VIewed the adoptIOn deCISIOn m dIchotomous terms

(1 e , adopnon or non-adoptlon) But for many types of mnovatlons, the mterestmg ques

non IS the mtenslty of use (e g how much macro- or mlcro-nutnents are used per hectare

or how much land IS sown to lffiproved vanenes) Recently, Feather and Amacher (1994)

and Saha et al (1994) mcorporated mtenslty declSlon, a factor that allows for a more
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reahstIc and mformatIve assessment of the adoptIon process Feder et al (1985) pomted

out that such a two-stage approach IS essentIal when dealmg WIth problems such as

fernhzer apphcatIons where mtenslty may vary wIdely among mdlVlduals who adopt

Most agrIcultural technologIes are recommended as a package that mclude several com

ponents, for example, management of solI, nutrIents and water, lffiproved agronomIc

practIces, and use of hlgh-Yleldmg varIetIes In most cases, the components of a package

complement each other to enhance crop productlon Most of the components of the

package can usually be dISaggregated mto subsets and can be adopted mdependently

Under such cIrcumstances, several dIStinct technologIcal options are avallable to the

farmers They are free to adopt eIther the complete package or a subset of components of

the package mtroduced m the regIOn Farmers may partially adopt subsets of packages or

adopt a modIfied form of the recommendations Farmers' adoptIon of Improved techno

lOgical components IS also observed to occur m a stepWIse manner (Byerlee and Polanco

1986, Ryan and Subrahmanyam 1975) AdoptIOn of partIal or modIfied subsets of a

package IS mfluenced by a WIde range of economIC and social factors, the physIcal and

techmcal aspects of farmmg, and farmers' attitudes to rIsk In stepWIse adoptIon, ele

ments mltIally adopted were those that prOVIded the hIghest rate of return on capItal

expendIture (Ryan and Subrahmanyam 1975)

AdoptIon trackmg of agrIcultural technologIes becomes complex when several compo

nents are mvolved Whlle assessmg the adoption of an array of technolOgical optIOns, two

maJor problems are encountered

• IdentificatIon of the speCIfic research recommendatIOn adopted by the farmers, and

• quantItative evaluation of the adoption of dIfferent components

To overcome such problems, a few studIes m the past (Ryan and Subrahmanyam 1975,

Byerlee and Polanco 1986, Traxler and Byerlee 1992) suggested the followmg steps

• IdentIfy each component of the technology relevant to the recommended package
adopted by the farmer,

• assess the proportIon of each technology adopted by the farmer, and

• ascertam the area covered under partIcular components of the technology

The GPT encompasses several components related to so11, nutrIent, crop, water, and

pest management The adoptIOn pattern of all these components was assessed Each

partICIpating farmer was asked whether he/she practIced dIfferent components of the
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GPT If the answer was yes, the farmer was asked to recall the year of first adoptIon for

the dIfferent components whIch were further complemented by InquIry on

• the area allocated to each component of the GPT and

• the IntensIty of applIcatIon of each component of the GPT

The same questIons were repeated for 1992, 1993, and 1994 USIng the InformatIon on

first year of adoptIon and the 3 years endIng 1994, the adoptIon path for each component

of the GPT was developed, and lOgIstIC curves were estImated to descnbe the rate of

adoptIon of each component The 10gIStlC curve is defined as

- - - - (1)

where, All IS the percentage adoptIOn of the lth component of the GPT m tth year, K, is

the adoptlon ceIlIng of the lth component, t is the tIme, b is the rate of adoptlOn, and a is

a constant The ceilmg level for each technology component was determIned by estlmat

Ing the functlon under several assumed ceIlIng levels and choosmg the one that Yielded

the best coeffiCIent of determInatlOn (R2)

Smce most of the components of the technology other than the REF method were also

recommended eIther mdependently or as a package of practIces for groundnut produc

tIon, the mfluence of GPT adoptlon, partIcularly REF, In changmg the rate or extent of

adoption of d1fferent technology components was examIned by USIng Intercept and slope

dummy In the logistIC functIons after the mtroductIon of the GPT

Factors mfluencmg adopt-ton

An analySiS to deterrmne the factors InfluenCIng adoptlon of the REF method was under

taken by estlmatIng probl! functIOns The probablhty ofadoptlon was speCIfied as a func

tIon of mformatlon about technology, soIl type, resource avaIlabIlIty/constraInts, and the

technology traIts

PA (REF) =f(INFO, SOIL, RESORC, RETRNS, TECHTR)

where PA IS the probabIlIty of adoptlon of the REF method for groundnut cultIVatlOn

INFO IS defined as mformatIon about the REF method InformatIon was defined m two

ways (1) farmer's knowledge about the REF method, and (u) the farmer's contacts WIth

research and extenSIOn agenCIes, and frequency ofusmg mass medIa SOIL IS the type of

soIl where the groundnut crop was grown It was defIned as 0 for lIght to med1um black

SOlI, and 1 for deep black SOlIs RESORC IS the avaIlabIlIty of capItal, labor, approprIate

Implements, and IrrIgatIOn water RETRNS IS the returns from groundnut crop
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TECHTR relates to technology-specIfic traIts It explores whether technology traIts, e g ,

makIng and/or managing RBFs, are appropnate m terms of the resource aVallability of

the farmers

lr.npactassessr.nent}Yar.netVork

The maln objectIve of mvestment m research and technology transfer IS to generate

econOffilC surplus for the SOCIety and mcrease the total well-bemg of producers and

consumers InformatIon on the followmg aspects IS reqUlred to quantIfy the economIc

surplus

• research and technology transfer cost,

• adoptIon rate and spread of the technology, and

• benefits accrued from research and technology transfer programs

ThIs sectIOn descnbes the procedure adopted to esnmate research costs and benefits to

measure economIC surplus and d1stnbunon of welfare gams

Esbmabon ofresearch cost Informanon on actual cost of research and development

(R&D) and technology transfer IS reqUlred to evaluate the returns to mvestment m agn

cultural research and technology transfer Apprmamanons can also be made to estlmate

the annual cost of developmg and packaging the technology, and ItS transfer These can

be based upon WscusslOns WIth the SClennsts and extenSIOn staff who were wrectly m

volved m conducnng research, on-farm tnals, and technology transfer acnvltles

The annual cost of developmg and packaging the GPT, and the cost of ItS dIffuslOn and

transfer was systemancally esnmated by adopnng the followmg procedure

GPTRC = C + C + CIe nars ext ---(2)

where GPTRC IS the annual research and technology transfer cost of all components,

C,C IS the annual research and overhead costs mcurred at ICRISAT, C
nars

IS the annual

research and other costs at the NARS, and CO", IS the annual cost of extenSIOn mcurred by
the technology transfer department of the NARS

To estlmate the research and technology transfer cost at ICRISAT, four components

were mcluded (1) salary of the research team, (ll) operanonal cost of research, (m) over

head cost at the InstItute, and (IV) on-farm demonstratIon and technology transfer cost

ThIs was denved as follows

C = SAL + OPR + OVR + OFD
Ie Ie Ie le Ie ------ (3)
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where, C,C IS defmed above, SAL,c IS the annual salary of the research team, OP~c IS the

annual operational expenses reqUIred to undertake GPT development, packagmg, and

dIffuslOn, OVR
,C

IS the annual overhead cost at the Instltute, and OFD,c IS the annual cost

mcurred to conduct on-farm tnals and demonstratIons m farmers' fields

The salary (SAL) of the research team at ICRISAT was estimated by addmg the salanes

of all those assocIated WIth the research project, each weIghted by the proportlon of theIr

tIme devoted to the project

n

SAL,c =L w, * SAL,
1=1

------ (4)

where, SAL,c IS as expressed above, SAL, IS the armual salary of the Ith research team

member, and w, IS the proportlon of tIme allocated by the research team member to

developmg and packagmg the GPT

The operatlOnal cost (OPR.) of developmg and packagmg the GPT was assumed at 35%

of the salary ThIS assumptlOn IS based upon the past expenence and eXIstmg norms at

ICRISAT The overhead costs (OVR,c) are usually consIdered to take half of the research

expenses (Byerlee 1996), thIS figure was also based on the recent research resource allo

catlon to dIfferent research projects at ICRISAT Smce the technology components were

packaged and recommended for groundnut, pIgeonpea, and chIckpea, the research and

packagmg cost for GPT was proportIOnately dIstnbuted The share of groundnut m the

total area of the three crops was used as a baSIS for allocatmg research cost to GPT

Slml1arly, the cost of on-farm research and technology transfer actlvltles (OFD) under

taken through LEGOFTEN, whIch started m 1987, was proportlonately allocated

The NARS was also mvolved m packagmg the technology and conductlng on-farm tnals

To assess thIS cost, several researchers were consulted and It was fixed at 10% of the total

cost mcurred by ICRISAT, essentlally on the baSIS ofNARS partlClpatlOn m the develop

ment and packagmg of the technology

The expenses mcurred m technology transfer (C
ex

,) through the state department dunng

the post-LEGOFTEN penod were calculated usmg the share of groundnut m total area

m the state as no separate document eXIsts on resource allocatlon for each commodIty or

technology

Estlmatlon of research benefits The conventIOnal, comparatlve-statlc, partIal eqUl

hbnum model of supply and demand m the commodIty market was used to estlmate the
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economIC surplus generated as a result ofGPT It was assumed that adoptIOn of the GPT

would ShIft the supply functton and benefit both producers and consumers

The followmg set of 1mear demand and supply equatIons ware assumed to compute the

econOInlC surplus and d1stnbutIOn of welfare gams from mvestment m the research and

technology transfer program
'\

DD = a -bP, , ,
SS = a' + b/P, , ,

- - - - - (5)

- - - - - (6)

where P IS pnce of groundnut, DD IS total quanttty demanded, SS IS total quanttty sup

phed m the regIOn, t IS the tlme, b m each equatton represents eIther the demand or

supply slope, and a m each equatlon IS the mtercept term, wmch may vary over tlme

These equatlons can determme the eqUlhbrmm pnce and quanttty

A supply sh1ft IS expected to occur as a result of the research and technology transfer

program The sh1ft IS represented by reductton m umt cost of productlon due to adoptlon

of GPT The cost reduCtlon IS denoted as k, The new supply equatlon IS then

SS ' = a' + b'k + b/P
t t t t

- - - - - (7)

where, all terms are as defined earher except SS' whIch IS the quantlty supphed WIth the

research and technology transfer efforts

In the case of crop and resource management technologles, when several technology com

ponents are mvolved and adoptlon patterns are dIfferentlal and step-wIse, the computatlon

of shIft m 'k' becomes very complex and drlIicult ThIS IS maInly due to the effect of dIffer

ent components of the technology, and mteractlon effects among the components adopted

To estlmate 'k', 1e, sh1ft m supply functlon, Informatlon aval1able from on-farm tnals was

used In thIs parocular case, results obtamed dunng on-farm surveys were used to compute

the sh1ft m k' There were dIfferent sets of treatments under on-farm mals (Pawar et al

1993)

• WIth and WIthout Improved package Tills allowed companson of the Improved

package of the GPT, mcludmg Improved vanetles, REF method, and other manage

ment praCtlces, WIth the local package

• WIth and WIthout raIsed-bed and furrow Tills set compared only the REF WIth the

flat method of groundnut productIOn keepmg the remammg components of the Im

proved technology at therr recommended level
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• WIth and Wlthout Improved management practices ThIS option compared the

Improved management practices, mcludmg REF and other management practices,

Wlth flat method of groundnut productIOn and other local management practices

Usmg the above equations, the economIC surplus from research and technology transfer

can be denved as follows

(a) Consumer's gam

CGt = 1/2 (P - PP') (DDt + DD,')

= (Qjg) DDt + (b Qt2)1 (2 g2)

(b) Producer's gam

- - - (8)

PG
t

1/2 (P - P') (SSt + SSt')

(k - (Qjg)) SSt + (b'/2)(kt - (Qlg))2 - - - (9)

(c) Aggregate welfare gam

WGt = CGt + PGt
= kt SSt - (Qjg) (SSt - DDt + (b Qt2)/(2 gZ) + (b'/2)(kt - (Qlg))2

where, Q = b'k
t
and g = b + b'

- - - (10)

_ The streams of benefits from researcb and technology 1"ransfer v'~re de" red usmg the

aggregate benefit (denved from equatIon 10), adoption rate, and adoption ceIlmg level

Net present value, mternal rate of return, and benefit-cost ratio were computed to JUsufy

the research and technology transfer mvestment on GPT

On-farm benefits ofGPT relevant to the farmers were also assessed These were measured

m terms of Increase In groundnut YIeld and Income, changes In labor prOdUCtIVIty and

employment potential, and gender-related aspects Farmers' perceptions on sustamabIhty

were also assessed to understand the Importance attached by farmers to these Issues

Results and diSCUSSion

Adoption of GPT

The survey data were analyzed to esnmate the adoptIOn patterns of dIfferent GPT com

POneQ1"s (Tables 4 through 9) The adopuon behaVIOr for dIfferent components of GPT

IS dIscussed below

Land management Land management, conSIdered to be a dIstmgUIshmg feature of the

GPT package, was an Important component It was observed that farmers adopted the

concept of RBF method, but m the absence of appropnate Implements they dId not
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Table 4 Percentage of sample farmers who adopted different technology components ofthe.groundnut

productIOn technology (GPT) In selected districts ofMaharashtra, India, 1989-94

1st year of

Component adoptIOn 1989 1990 1991 1992 1993 1994

RaIsed-bed and furrow (REF) 1989 34 118 172 282 338 349

Improved vanetIes 1976 476 693 732 755 806 83 1

Smgle super phosphate 1981 237 437 555 594 639 645

Zmc sulphate 1988 42 59 65 73 14 1 155

Ferrous sulphate 1989 20 3 1 3 1 3 1 73 73

Gypsum 1988 48 124 203 355 462 473

Seed dressmg 1981 53 152 208 265 338 344

Drymg 1982 09 14 20 3 1 99 99

Spnnkler 1990 -I 03 03 25 37 37
-

1 Not adopted



stnctly follow the recommended pracuce of makIng the 1 5-m bed A modIfied form of

REF was developed by narrOWIng the WIdth of the bed About 35% of the farmers had

adopted the concept of REF In 1994 TheIr number Increased from less than 4% In 1989

to 35% In 1994 (Table 4) The lughest adopnon of the raised-bed and furrow system

occurred among farmers who culnvated between 5-10 ha of land About 43% of the

farmers In tlus category adopted the RBF concept No farmer ownIng less than 1 ha of

land adopted the RBF system In any form

The area under thIs Important component Increased from 3 8% of the total groundnut

area In 1989 to 25 5% In 1992, and reached about 31% In 1994 (Table 5) The adopnon

100.------------ ---.

- RBF adopters
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o
"8.
o
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1989 90 91

Year
92 93 94

FIgure 3 Adopnon of the ratsed-bed and furrow (RBF) method for groundnut

culnvanon
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Table 5 Esnmates of the adopnon (percentage of total groundnut area) ofdtfferent technology components

of the groundnut production technology (GPT) In selected dtstncts ofMaharashtra', Indta

Technology component 1989 1990 1991 1992 1993 1994 Cel1mg (%)

RaIsed-bed and furrow (RBF) 38 102 144 255 272 31 1 400

Improved vanetles 62 238 227 803 820 837 900

Smgle super phosphate 96 221 344 61 6 646 689 750

Zmc sulphate 36 52 6 1 78 116 140 200

Ferrous sulphate 1 5 24 32 28 54 60 100

Gypsum 38 102 172 353 416 41 8 450

Seed dressmg 59 146 192 365 409 464 600

Drymg 1 5 1 7 19 4 1 8 1 92 100

Spnnkler 00 02 02 25 34 36 150

1 Selected dlstncts hsted 10 Table 2



Table 6 Estimates ofloglsttc functton parameters on adoptIOn of the rm.sed

bed and furrow (REF) method

Parameter

K

a

b

b'

CoeffiCIent

4000

-26363

06898

02759

09552

Standard error

03124

00747

t value

84388***1

92342 **

I *** =significant at I% probablhty level

path, eSTImated usmg the lOgISTIC functIon, showed a consIstent mcrease m adoptIOn of

the raised-bed and furrow method for groundnut cUlTIVatIon (Table 6 and FIgure 3)

ThIs mdIcates that farmers now reahze the Importance of the concept for the cultIVaTIOn

of summer groundnut

Nutrlent management Balanced and efficIent nutrIent management was one of the

obJectIves of the GPT It may be noted that pnor to the mtroductIon of GPT, farmers

were already applymg macro-nutnents to groundnut and other crops ApphcatIOn of

smgle super phosphate was actually started m 1982 It took 7 years for smgle super

phosphate apphcation to be adopted m about 10% of the area smce 1982, but only 1 year

to cover an addITIonal 10% of the area after the GPT was mtroduced Such a trend was

further confirmed by eSTImatmg the lOgIStIC functIons WhICh revealed that the adopTIon

rate of smgle super phosphate was hIgher among those who adopted the raised-bed and

furrow method than among those who dId not (Table 7 and FIgure 4) Such a change m

adoptIon pattern can be attnbuted to the GPT

Those farmers adoptmg the raised-bed and furrow method were applymg about 318 kg

ha 1 of smgle super phosphate, about 103% more than non-adopters were usmg (Table

8) The hIghest quantIty of smgle super phosphate (340 kg ha 1) was apphed by farmers

holdmg 5-10 ha ofland who adopted the concept of raIsed-bed and furrow, followed by

the 1-5 ha farm SIze group (329 kg ha 1) Among the non-adopters of the raIsed-bed and

furrow, the htghest quantIty of smgle super phosphate was apphed by farmers WIth land

holdmgs greater than 10 ha
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Table 7 Estimates ofloglstlc function pat"ameters on adoption of different groundnut production technology

(GPT) components

Parameter I Improved VarIetIes Smgle super phosphate l Gypsum

ADOP-RBP NADOP-REP ADOP-REF NADOP-REF ADOP-RBF NADOP-REF

k 9800 77 00 9900 6000 8000 3000

a -3 2147 4 -4 1721 -53026 -7 1015 -38720 • -05092

(06590) (05553) (0 1991) (05290) (03597) (09448)

b 03377 04754 07093 04340 09646 07477

(0 1017) (00857) (00457) (0 1266) (06798) (02259)

aD -64776 -69819 o8442@ -00166 -5 -5

(1 5998) (1 3481) (04092) (1 1341)

bD 06454 06417 -0 1633~' o3349@ _5 -5

(0 1608) (0 1355) (00583) (0 1615)

b' 03309 03660 07022 02604 07717 02243

bD' 09634 08602 05405 04613 -5 -5

R2 9472 9708 9949 9825 9757 7326

1 aD IS the Intercept dummy and bD IS the slope dummy b IS the adjusted rate of adoptIOn before and bD IS the adjusted rate of adoptIOn after introductIOn of the GPT
2 ADOP REF = adopters ofRBF
3 NADOP REF= non adopters ofRBF
4 ***= coefficient slgmficant at I/o probablhty level, ** = significant at 5/0 probablhty level, * = significant at 10% probablhty level and @ = significant at 20% probablhty

level
r\) 5 Dummy variable was not Included In thiS probn function
c.u
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FIgure 4 Adoption ofsingle super phosphate use by adopters and non-adopters

of the raIsed-bed and furrow (RBF) method

Gypsum 1S the most lffiportant and popular m1cro-nutnent recommended W1th the GPT

It Improves the physIcal and chemIcal propernes of SOlI, and contnbutes to the Increase

In crop Yields Gypsum applIcatIon by the sample farmers started In 1988 Less than 5%

of the farmers adopted gypsum applIcanon that year By 1994, about 48% farmers ap

plIed gypsum to theIr groundnut crops The area under gypsum applIcatIon Increased

from 3 8% In 1988 to more than 40% In the 1994 season The adopt1on rate and area

reCeIVIng gypsum applIcatIon was agaIn much hIgher among those who adopted the

raIsed-bed and furrow method (Table 7 and FIgure 5)

About 48% farmers apply gypsum dunng groundnut productlOn About 262 kg

gypsum ha 1 was apphed by those who had adopted the raIsed-bed and furrow method,
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Figure 5 Adopnon of gypsum use by adopters and non-adopters of the rmsed-

bed and furrow (RBF) method

Table 8 Intensity ofuse ofunportant mputs to groundnut crop among

adopters and non-adopters of the raised-bed and furrow (RBF) method

Non- Change muse

Input Umt Adopter adopter (%) t values I

Smgle super kgha l 31782 2153 10252 5 50***
phosphate

Zmc sulphate kgha l 322 006 316 522 *

Ferrous sulphate kgha l 107 000 107 426 **

Gypsum kgha l 26184 6965 191 86 854***

Seed treatment Rsha l 3595 1695 1900 333***

Pesttclde Rs hal 16647 5882 10765 467***

Seed rate kgha l 10235 9729 506 200"

1 *** =slgrnficant at 1% probablhty level and ** =signIficant at 5 % probabJilty level
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compared to only 70 kg ha I by those grew groundnut usmg the tradmonal method (Ta

ble 8) Farmers adoptmg raIsed-bed and furrow and ownmg more than 10 ha land were

usmg the hIghest quantIty of gypsum (363 kg ha I) The correspondmg quantIty of gyp

sum applIcatIOn by the non-adopters was 236 kg ha 1 In both cases, farmers were yet to

apply gypsum at the recommended level of 400 kg ha I

Zmc sulphate and ferrous sulphate were important mIcro-nutnents recommended as

part of the GPT About 16% of the sample farmers applIed zmc sulphate to groundnut

crops m 1994 The area treated WIth ZInC sulphate mcreased from 3 6% m 1989 to 14%
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Figure 6 Adoptlon ofzmc sulphate use by adopters and non-adopters of the

raised-bed and furrow (RBF) method
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m the 1994 season The adoptIon level of zmc sulphate was about 4 kg ha 1 by those

practIcmg the RBF method compared to only 70 gm ha 1 by other farmers (Table 8)

Few farmers adopted the use of ferrous sulphate About 7% of the sample farmers m

1994 apphed ferrous sulphate m 6% of the groundnut area Though farmers have been

aware of the use and Importance of thIS mIcro-nutnent, ItS adoptIon has been con

stramed by unavailabilIty

The rate of adoptIon of zmc sulphate was much hIgher than that of ferrous sulphate

(Table 9 and FIgures 6 and 7) These mIcro-nutnents were apphed mamly by those who
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FIgure 7 Adoption offerrous sulphate use by adopters of the raIsed-bed and

furrow (RBF) method
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Table 9 Estnnates of the lOgistIc functIon parameters on adoptIon of

technology components adopted after mtroducmg groundnut productIon

technology (GPT)

Parameter Zmc sulphate Ferrous sulphate

K 4000 1800

a -27847**· -23841*

(05891)2 (07057)

b 07217** 08007**

(01113) (01687)

b' 02887 01441

r2 08937 08492

1 •• = slgmficant at 5% probabilIty level • = significant at 10% probablhty level
2 Figures In parentheses are standard errors of the coeffiCients

Table 10 AdoptIon of1lllproved groundnut vanetIes (as a percentage oftotal
groundnut area) by sample farmers 1U Maharashtra, Indta

Adopters Non-adopters

Vanety ofRBF ofRBF All farmers

ICGS 11 1271 634 835

ICGS 21 3876 256 1493

ICGS 44 857 0 293

ICGS 76 514 0 176

TAG 24 878 0 300

JL24 343 10 34 798

SB 11 2227 6607 51 10

Other local vanetles 084 1469 995
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practIced the raIsed-bed and furrow It may be noted that zmc sulphate and ferrous

sulphate were also apphed to other crops) most Importantly) nce

Ammomum sulphate was not apphed by any of the sample farmers because of us mgh

pnces) and Its relatIve non-aval1abl1uy m the market

Improved vanetles Among all the technology optIons) pnor to 1989) Improved vane

tIes were adopted the earhest (1976) even before the mtroductIon of the GPT AdoptIon

of Improved vanetIes was about 48% m 1989) reachmg a level of 83% m 1994 The

adoptIon rate of Improved vanetIes was hIghest among all the components of GPT The

adjusted rate of adoptIon of Improved vanetles was mgher for those practIcmg the REF

method (Table 7 and FIgure 8) There was a sIgnIficant dIfference m the adopnon of
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Figure 8 Adopnon of Improved groundnut vanetles by adopters and non

adopters of the raised-bed and furrow (RBF) method
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Improved vanetles between adopters and non-adopters of the RBF method A lugher

rate of adoptIon of Improved vanetIes was observed after GPT mtroduction among

adopters of the REF method, the accelerated adoptIon of Improved vanetIes may be

attnbuted to the dlssemmatlon of mformatIOn on GPT

SB 11, a vanety released m the mld-1970s, stIll dommates the groundnut area m

Maharashtra ICGS 21 and ICGS 11 have also gamed prommence among vanetIes re

leased dunng the 1980s and early 1990s There was a dlstmct dIfference m the adoptIon

of Improved vanetIes by adopters and non-adopters of the REF method As many as 68%

of the farmers who adopted the REF method have sown new vanetIes (e g , ICGS 11,

ICGS 21, ICGS 44, ICGS 76, and TAG 24) m about 73% of the area (Table 10) TAG

24 IS at an eady stage of adoptIon and IS expected to cover a large area because of Its hIgh

yteld potentIal and other phYSIOlOgIcal benefits Among farmers who dId not adopt the
REF method, only 8% had sown Improved vanetIes on 9% of the total groundnut area
In the same group, SB 11 IS grown by about 62% farmers on 66% of the area Non
avallablhty of seed of new vanetIes was reported to be one of the Important constramts to

theIr adoptIon There IS also a general bebef among farmers that only new vanetIes yteld
better under REF method of cultIvatIon AdoptIon behaVIOr for Improved vanetIes ap

pears to be bnked to farme~f perceptIons of constramts to adoptIon of the REF method

Seed treatment and pestiJisease manage:ment Seed treatment has been pracnced smce
1981 Its adoptIon pIcked up after 1990 when It was apphed m about 6% of the groundnut
growmg area It may be noted that It took 8 years for the seed treatment to be adopted m
about 6% of the groundnut area before It was a part of the GPT package, but only 4 years to

extend to another 30% of the area after It became a part of the GPT package Its use was
htgher (Rs 36 ha 1) m the REF adopter category than among non-adopters (Rs 17 ha I)

Among REF adopters, farmers owmng more than 10 ha of land mcurred the hIghest

expenses (Rs 238 ha 1) for pestIcIdes and dIsease management The correspondmg ex

penses by the non-adopters of the REF concept amounted to only Rs 86 ha 1 The aver

age pestIcIde use among REF adopters was slgmficantly hIgher (Rs 166 ha I) than among

non-adopters (Rs 59 ha 1) WIth the mcreasmg mCldence of pests and dIseases, thIS area

receIves more attentIon from both farmers and Government PotentIally, 60% of the

area can be covered by pest management, as the T&V Program has gIven It htgh pnonty

under theIr Integrated Pest Management Program

Other co:mponents Harvestmg at 65-70% pod matunty, and usmg the spnnkler

method of ImgatIOn are components yet to be adopted by the maJonty of groundnut

cultIvators The former component was adopted by 10% of the farmers, whtle the latter

by only 4% Smce the Government of IndIa now offers a subSIdy (rangmg from 25-50%)

on spnnkler sets, therr WIde-scale adoptIon IS Immment
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Present and potential adoption of GPT

The results obtamed from the sample survey were used to extrapolate the present and

potennal adopnon of dIfferent components of the GPT (Table 11) ConservatIve estI

mates mdlcate that about 47048 ha of the groundnut area m the country could be cultI

vated usmg the REF method of land configuratIon dunng the summer season The

adoptIon cellmg of thIS component IS assessed at 40% of the groundnut area dunng the

summer season At thIS celhng level, the potentIal adoptIon of the raIsed-bed and furrow

method may reach about 60512 ha

Table 11 EstImates of extent of adoptIon (ha) of dtfferent groundnut

productIon technology (GPT) components

Technology component Present status PotentIal

RaIsed-bed and furrow (REF) 47048 60512

Improved vanetIes 126872 136152

Smgle super phosphate 104232 113460

Zmc sulphate 21179 30256

Ferrous sulphate 9077 15128

Gypsum 63235 68076

Extrapolanng the adoptIon indIcators for macro- and mlcro-nutnents, It was estImated

that an area of about 104 232 ha mIght be reCe1Ving smgle super phosphate for ground

nut dunng the summer season Thls may extend to a lltde over 113 460 ha by the year

2000 For gypsum apphcatIon, It was estImated at 63 235 ha, zmc sulphate at 21 179 ha,

and ferrous sulphate at 9 077 ha Therr potentIal adopnon for summer groundnut IS

expected to be about 68076 ha for gypsum, 30 256 ha for ZinC sulphate, and 15 128 ha
for ferrous sulphate Slffil1arly, lffiproved vanetIes could cover an area of about 126 872

ha durmg the summer season These mIght ultImately cover about 90% of the summer

groundnut area to occupy about 136 152 ha

Factors influenCing adoption of GPT

The findings descnbed m the earher sectIon indIcate that dIfferent technology compo

nents of GPT are adopted m a phased manner Farmers follow a ratIonal, step-Wlse

process of adopnng lffiproved vanetIes, nutnent management, sol1 management, and
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other components of the package dependmg upon (1) mformatlon about the technology,

(11) nIches for the technology, (m) avaIlabIlIty of necessary resources or mputs, (IV) mar

gmal returns on the technology, (v) nsks, and (VI) sUItabIlIty of technology traIts It IS

Important to understand the role of these factors m the declSlon to adopt a specIfic tech

nology The analySIS helps to assess the need to desIgn appropnate strategtes for technol

ogy development, technology transfer, and facllItatmg reqwred resources or mputs

Problt functIons were estImated to determme factors mfluencmg the adoptIon of REF

The results are presented m Table 12 A coeffiCIent of determmatIon (R2) of 71% IS

noted Table 12 clearly shows that aval1ablhty of capItal, Implements, lmgatIOn facl1mes,

technology traIts, mformatIon about technology, and SOlI type are Important factors mflu

encmg adoptIon of the RBF method for groundnut cultIvatIon

Table 12 EstImated problt functIons to deternune factors mfluencmg adoptIon
ofgroundnut productIon technology (GPT), 1994

Vanable FunctIon 11

Soll type -18465
(08456)

Operated area (ha) 00550
(00570)

Imgated area (%) 00276 *
(00114)

InformatIOn 1 9581*
(12043)

CapItal 00095
(00029)

Labor -05424
(05494)

Implement 25325***
(08998)

Technology traIt -1 4526***
(04550)

Constant -10 503***
(31875)

R2 07106

FunctIon 21

00282
(00599)

00237**
(00106)

20235'
(1 1155)

00091 **
(00026)

-06280
(05078)

1 6943**
(07005)

-1 2271 *

(03786)

-10723
(29358)

06690

I *** =slgmficant at I %, ** =slgmficant at 5 % and * =SignIficant at IO % probabIlity levels

32



In terms of resource ava1lab1hty, capnal, 1mplements, and 1mgatlOn have the expected

pos1ove effect on the probab1hty of adoptlOn of the REF method An Implement, known

as the wheeled tool carner, was deSIgned to make broadbed and furrows for groundnut

culovaoon It was observed that the draft power of the Implement could not be success

fully used It was possIble to reduce the wIdth of the bed by usmg a 'marker' or 'bed

former' developed by a local manufacturer However, tills new 1mplement was also not

eaSIly available to the farmers Those who had access to tills Implement adopted the REF

method of culovaoon

The results show that the aVailabilIty of more resources to spend on mputs mcreases the

probabIhty ofadopoon of REF Availabil1ty of lmgaoon 1S also an 1mportant factor deter

mmmg REF adopoon The REF 1mproves rrngaoon-use effic1ency, and helps conserve

soli mOIsture for longer penods

Technology 1S a h1ghly slgmficant (1 %) factor D1fficulty m makmg the REFs was the

most 1mportant cnocal determmant of adopoon In the absence of appropnate 1mple

ments the beds are ne1ther formed nor managed properly There 1S a need to des1gn cost

effecove 1mplements to make beds that meet the farmers' reqUlrements

Adequate mformaoon about the technology 1S also an Important factor m the adopoon

process As anoc1pated, mformatlOn about the technology has a posltlve effect on adop

oon of the REF It was found that farmers who adopted the technology had better con

tacts W1th research and extensIOn orgamzaoons, and mass meilla (Table 13) Tills 1S an

Table 13 Farmers' sources oflnformanon about groundnut producnon
technology (GPT) (percentage of sample farmers)

Sources of mformaoon

Contacts W1th extens10n agenc1es

Contacts WIth research orgamzaoons

Farmers' days

Agncultural programs on TV

Agncultural programs on radlO

Agncultural columns m daily paper

Agncultural magazme

VISItS to agncultural agenCIes

T~V Program membershIp

Adopters

52

80

92

76

56

24

44

64

96

Non-adopters

18

63

94

55

28

14

32

23

45
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mdiCatIOn that exposure to outsIde mformatIon through dIfferent sources greatly m

creases the probabIhty of adoption of the REF

SOlI type was also found to be sIgmficant, mdicatmg that the RBF method was largely

adopted by farmers growmg groundnut on hght to medlUm black sOlI Adoption of the

technology may be dIfficult m black and deep black sOlIs m the absence of appropnate

Implements to work the sOlI

These results have clear ImphcatIons for technology deSIgn, technology transfer, and

mstItutlOnal arrangements

For extenslOn agenc1es, the message 1S to create a better mformatlOn network and de

velop mass medIa programs about the technology Whl1e the RBF 1S already mcluded m

the extenslOn agenda of the T&V Program, there IS a need to convmce more farmers

about the pOS1!lve gams from the technology and 1tS vanous components To meet th1S,

large-scale demonstratIons and wIde mass med1a coverage are essent1al

Research orgamzatIons must des1gn a cost-effectIve technology that SUltS the reqmrements

of the farmers Research efforts should be d1rected more aggress1vely to des1gn smtable

1mplements that reqmre mm1mal efforts to mamtam the REFs

For banks and mput dehvery systems, the recommendatIon 1S to develop a system of

dehvenng reqmred mputs to those wtlhng to adopt the 1mproved technology It 1S ex

pected that there mIght be credIt reqmrements for the purchase of spnnkler systems for

1mgatlOn, and 1mplements for makmg REFs

Farm-level benefits of the GPT

SubstantIal on-farm benefits were reahzed by those farmers who adopted the GPT

These benefits mclude Yield gams, h1gher mcome, better output pnces, cost saVIng, and

conservatlOn of solI and water resources These are d1scussed below

Yleld gams The contnbutIon of the 1mproved technology to enhanced crop YIelds 1S an

1mportant 1mpact md1cator that attracts farm producers A technology 1S often preferred

1f the potentIal YIelds usmg the Improved technology are htgher than that of the eXiStIng

technology W1th the same level of resources GPT leads to hIgher Yield potentlal than the

trad1!lonal practIces ThIS was confirmed by on-stat10n and on-farm tnals conducted m

dIfferent agrochmatIc reglOns of IndIa Pawar et al (1993) reported a 60 3% Y1eld gam

durmg 1987-90 summer seasons m 58 on-farm tnals conducted m dIfferent reglOns m

IndIa Y1eld gam was most ImpreSSIve m Maharashtra where It rose from 1 74 t ha 1 W1th

local practices to 3 49 t ha I W1th GPT, an mcrease of about 100%
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Table 14 Yield (t ha I) of different groundnut vanenes obtamed by adopters

and non-adopters of the groundnut producnon technology (GPT)

Vanety Adopters Non-adopters Change (%) t values1

ICGS 11 213 1 27 6796 298

ICGS 21 226 1 21 8585 600"

SB 11 207 1 62 5670 608

JL24 203 169 2012 1021--

All vanetIes 220 160 3773 10 28

1 *"* =slgmficant at 1 % probablhty level ** =slgmficant at 5 % probablhty level

In the present study, It was the adopters who obtamed higher YIelds of groundnut than

non-adopters The a" erage groundnut YIeld of the adopter category was more than 2 t ha I,

an mcrease of about 38%, m contrast to 1 60 t ha 1 of the non-adopter category (Table 14

and FIgure 9 and 10) More than 70% of the farmers who adopted the technology ob

tamed groundnut YIelds of more than 25 t ha 1, while only 13% non-adopter farmers

achieved thIS level (Table 15) As many as 97% of the farmers who adopted vanous

components of the technology obtamed groundnut YIelds greater than 1 5 t ha 1, while

about 64% non-adopter farmers reached thiS level Bhoyar (1992) reported that the yIeld

levels WIth the GPT ranged from 2 08 t ha 1 on hght soIl to 2 9 t ha 1 on medlUm soIl The

correspondmg values for the local practlces ranged between 1 6 and 2 0 t ha 1

The performance of recently released groundnut vanetles was better when they were cul

tlvated m RBFs ICGS 44 performed best (2 96 t ha 1) followed by ICGS 76 (2 9 t ha I),

Table 15 Frequency dlstnbunon of farmers' (percentage ofsam.ple) Yield

levels for groundnut producnon technology (GPT) adopters and non-adopters

YIeld ( kg ha 1)

< 1500

1501 - 2000

2001 - 2500

> 2500

Adopters

27

253

520

200

Non-adopters

294

514

129

o
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Figure 9 Groundnut YIeld of adopters

and non-adopters of the raised-bed

and furrow (RBF) method

Figure 10 Net lDcome denved from

groundnut by adopters and non

adopters of groundnut production

technology (GPT)

TAG 24 (23 t ha 1), ICGS 21 (226 t ha I), and ICGS 11 (2 13 t ha I) Among eXIstIng

popular vanetles, JL 24 and SB 11 performed better WIth the non-adopters of the REF

method Table 14 shows that YIeld gam due to the GPT was hIghest WIth ICGS 21

(85 8%) followed by ICGS 11 (68%) SB 11 also showed a YIeld gam of about 57% WIth

the adopters of the REF method over non-adopters

Accordmg to the sample farmers, Improved GPT proVIded better plant growth, and YIelded

more fodder The average fodder YIeld ofthe GPT adopter farmers was 1 91 t ha I whIle that

of non-adopter farmers was 1 78 t ha ), an mcrease of about 7 13%
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Income Groundnut IS a cash crop and IS produced commercially by farmers As ex

pected, mcomes m the adopter category of farmers were hIgher than among non

adopters average mcome was Rs 21 470 ha 1for those who adopted the GPT m contrast

to Rs 15 580 ha 1 for non-adopters, an addmonal net gam of about 70% for the adopters

ThIS rugher mcome was generated because of rugher groundnut Yield and better output

pnces It was observed that Improved pracnces helped acrueve better pod development

and therefore the adopter farmers receIved a pnce premmm (of about 10%) for the bold

gram More than 50% of the adopter farmers reported that the Improved management

practlces fac1l1tate better pod development

Increase m Yield IS the combmed result of use oflffiproved vanetles and better soll, water,

and nutnent management practIces, and mcreased use of certam mputs The mcome,

accordmg to vanety, of adopter and non-adopter farmers was assessed (Table 16)

Among adopters of the GPT, ICGS 21 yIelded the rughest net returns, followed by TAG

24, ICGS 11, SB 11, and JL 24 It was the OpposIte Wlth non-adopters, JL 24 Yielded the

hIghest net mcome followed by SB 11, ICGS 21, and rCGS 11 ThIS confIrms the

farmers' behef that new vanetles (espeCIally from rCRISAT) perform better Wlth the

components of GPT WhIle the rugh net mcome gamed from rCGS 21 clearly mwcates

why farmers m the study area preferred to adopt It rather than other new vanetles, SB 11

remams the most popular vanety covenng 51% of the total groundnut area

Cost saVIng Another lffiportant lffipact of the techmcal change IS savmg m cost per umt

of producnon Pooled results of all vanetles mdlcated that the (vanable) cost of produc

tlon under Improved management was Rs 3 86 kg 1 m companson to Rs 4 58 kg 1 under

local practlces, a savmg of about 15 7% (Table 17 and FIgure 11) Analyzmg the results

Table 16 Net Income (Rs ha 1) of adopters and non-adopters of the groundnut

producnon technology (GPT)

Vanety Adopter Non-adopter Change (%) t valuesl

rCGS 11 1692847 624353 171 17 343 •

rCGS 21 2538923 711539 25682 788***

SB 11 18107 12 1276593 4183 619

JL24 1806651 14337 12 2601 823***

All vanetles 2146588 1558141 7062 946***

1 *** =slgmficant at 1% probabJ11ty level
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Table 17 Umt cost (Rs kg 1) ofgroundnut production for dIfferent vanetles for

adopters and non-adopters of the groundnut productIon technology (GPT)

Vanety Adopters Non-adopters Change (%) t values l

ICGS 11 433 694 3761 282 •

ICGS 21 387 635 3907 338

SB 11 382 454 1584 4 17 •

]L24 354 404 1225 299'"

All vanetIes 386 458 1572 542 •

*** =sIgnIficant at 1% probablhty level ** =SIgnIficant at 5% probablhty level
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Figure 11 Umt cost (Rs t 1) of
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productIon technology (GPT)
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obtamed for each vanety, It was observed

that saVing was lughest for ICGS 21 (about

40%) It was about 38% for leGS 11 The

Improved package was not so attractIve

WIth the eXIStIng vanetIes, namely SB 11

(I6%) and JL 24 (12%) The results IndI

cate lugh complementanty between Im

proved vanetIes and better land manage

ment practIces

AdoptIon of the GPT also bnngs about

saVings on some cntIcal mputs, and 10

creases efficIency In mput use For exam

ple, furrow cultIvatIon or the spnnkler

method of rrngation save IrngatIOn water

and at the same tIme Improve ImgatIOn

water-use efficIency The results also

showed that adopter farmers spent about 9

days of labor to produce 1 t of groundnut

compared to about 12 days spent by the

non-adopter, a saVing of about 25% Water

IS a cntIcal mput m the semI-and tropICS

SaVing water and Its efficIent utIlIzatIon

may facIlItate extensIve ImgatIOn cover m

the semI-and trOpICS and contnbute to In

creasmg productIon
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Figure 12 Labor producnvlty (days

ha 1and kg day 1) of adopters and non

adopters of groundnut producnon

technology (GPT)

Imphcanons for labor and gender

Labor producnvlty and gender 1mphca

nons are lffiportant 1mpact md1cators es

pec1ally m reglOns where unemployment

and underemployment pers1st The overall

labor reqUlrement favored GPT adopnon

It was about 12% h1gher Wlth the lffi

proved technology opnon than Wlth the

eX1snng local pracnces (Flgure 12) Both

male and female labor use was h1gher m

the adopter category of sample farmers

Average producnvlty of labor (calculated

as the total groundnut productlOn dlVlded

by the total labor used) was also com

puted for adopters and non-adopters of

GPT (F1gure 12) It was observed that

labor product1Vlty was 22% mgher m the

adopter category In terms of labor used

for groundnut producnon, those who

adopted d1fferent GPT components used

about 12% more labor than the non

adopters These observat1ons clearly re

veal that GPT opnons (1) mcrease labor

use, and (ll) generate on-farm employment

opportumnes m the groundnut-producmg

reglOns

The REF component of the GPT was de

signed and advocated to ease certam agn-

cultural operanons It was observed that labor-use effiCiency Improved for such opera

nons as mterculture, weedmg, Imganon, and harvesnng for those who adopted the Im

proved package (Table 18) Labor use per umt of output was lower for those who

adopted the GPT This ranged from 19% for harvestmg to 23% for weedmg, and 25%

for Imgatlon Most weedmg and harvestlng operatlons are tradltlonally performed by the

female labor force Almost all weedmg and about 90-93% of harvesnng were done by

women m both adopter and non-adopter categones Less exertion and lower labor re-
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Table 18 Labor use (days r I of groundnut) for weedmg, U'l'lganon and

harvesnng by adopters and non-adopters of the groundnut producnon

technology (GPT)

OperatIOn

Weedmg

Irnganon

Harvestmg

Adopters

1635

890

2308

Non-adopters

2128

11 83

2868

Change (%)

-2316

-2477

-1952

qUIrement, especIally by female famIly members, WIll have ImplIcanons for gender-re

lated Issues These may mclude Issues of health, chl1d development, and engagement m

more producnve actIvInes These gender ImplIcanons reqUIre further attenUon

Though gender analysIs of groundnut technology mnovaUon (RamadevI KollI and

Banulan 1997) was not mcluded m thIS study, It has helped focus attentIon on the gen

der research at ICRISAT

Spdlover effects The assessment of spIllover effects IS consIdered lffiportant m the

research evaluatIOn lIterature (Bannlan and DaVIS 1991) Most resource and mput

based technologIes are relevant to several commodIues Evenson (1989) reported that

pre-technology SCIence findmgs may spIllover across commodlues because they enhance

mventIon potentIal m several commodIty technology programs The GPT opuons were

observed to be applIcable beyond the commodIty for whIch the technology was devel

oped In the present analySIS, questIOns were posed to the sample farmers If they were

adoptmg the REF method for crops other than groundnut It was found that the REF

method was not confined to groundnut (Table 19) It also found applIcabIlIty m the

cUltIVatIon of such other crops as chIckpea, chIlIes, soybean, pIgeonpea, sunflower, mus

tard, and some vegetables In our sample, 23% farmers applIed the REF method to

dIfferent crops - chIckpea (13%), chIlIes (6%), pIgeonpea (2%), and such other crops

as sunflower, soybean, and vegetables (2%) An mcreasmg trend m adoptIon of the REF

method was reported m chIckpea and soybean Farmers reported 15-45% yIeld gam m

chIckpea, and 15% m sunflower SImIlarly, apphcanon of mIcro-nutnents m some Im

portant crops was also becommg popular m regIOns where farmers had learnt about the

GPT package
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Table 19 Percentage of groundnut farmers adoptmg the ratsed-bed and furrow

(RBF) method m other crops

Crop

Chlckpea

Chll1es

P1geonpea

Other crops

Total

Adopters (%)

13

6

2

2

23

Sustamabtltty tssues The study mvesugated the 1mpact of the RBF method of land

management on the sustamablllty of sOlI and water resources Farmers were questioned

about how they perce1ved the benefits of the RBF on solI and m01sture conservauon

75% of the farmers reported that the RBF method of land configuratiOn 1mproved the

mOisture conservauon of the solI (Table 20) An equal number perceiVed the benefit of

RBF m 1mprovmg the dramage of excess water Input saVing 1S another benefit seen, that

1S reflected m umt cost reduction of the GPT

Table 20 Farmers' perceptlons of sustamabthty mdicators for the ratsed-bed

and furrow (RBF) method of land configuratton for crop productlon

Sustamab1hty mwcator

Improves mOlsture conservauon

Improves dramage of excess water

Saves nutnents and water

Farmers (%)

75

75

28

Economic surplUS and distribution of welfare gams

Research and technology transfer cost

As stated earher, the research leadmg to the des1gn of the REF system began m 1974 at

ICRISAT and was assumed to connnue until 1986 NARS were also mvolved m tech

nology packagmg and conductmg on-station and on-farm tnals Smce the exact cost of
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research and technology transfer was not avaIlable, It was estImated at three levels (1)

ICRISAT, (11) NARS, and (m) technology transfer system of the state Department of

Agnculture None of these InstItutIons maIntaIned cost data on research and technology

transfer However, smce 1994, ICRISAT has been mamtammg records of the research

budget of each project

The research and technology transfer aCtIVltIes related to GPT at ICRISAT were Imple

mented m four erstwhIle programs (l) Groundnut Improvement Program, (11) Farmmg

Systems Program, (111) Resource Management Program, and (IV) LEGOFTEN Whtle

the first three programs were largely mvolved m developIng the technology, the fourth

program dealt Wtth the packagIng of vanous crop and resource management practIces,

theIr on-farm testIng, and large-scale demonstratIons on farmers' fields

The estImated cost of research and technology transfer for each component IS gIven In

Table 21 The salary of the research team, operatIonal expenses, and overhead costs

were estImated m consultatIon WIth sCIentIsts and by USIng hIstoncal eVldence USIng the

annual salary of each member of the research team, weIghted by proportIonate tIme In

the partIcular research aCtIVlty, the annual cost of the salary component was estImated at

US$ 34 900 The operatIOnal expenses to conduct research were assumed to be 35% of

the salary component based upon past expenence and estImated at US$ 12215 As

Table 21 Annual research and technology transfer cost (US $) ofgroundnut

productIon technology (GPT)

Component

Research

Salary

OperatIons

Overheads

NARS

Technology transfer

PackagIng/on-farm tnals

On-farm tnals

On-farm tnals

State expenses
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Year

1974-86

1974-86

1974-86

1974-91

1987

1988-90

1991

1992-2000

Cost (US $)

34900

12215

47115

9500

24 000

20 000

10 000

7500



stated earher, the overhead cost was consIdered to be half of the total cost Accordmgly,

It was calculated to be US$ 47 115 Aggregatmg these three cost components, the total

annual research cost of developmg the technology at ICRISAT was US$ 94230 ThIs

cost was apportIOned mto three crops, as the technology components were sImuar for

groundnut, pigeonpea, and chickpea Research costs were allocated to each crop based

on the propomonate area grown Adoptmg thIS cntenon, the annual research cost for

GPT was calculated at US$ 45 600 Annual cost of NARS for theIr partlclpanon m

packagmg the technology was considered to be 10%, 1 e , US$ 4 560

The technology packagmg and ItS transfer started from 1987 through a program known

as LEGOFTEN The Imnal budget for thIS program (1987 and 1988) was met through

ICRISAT's core funds, and later (1989 to 1991) through financIal aSSIstance from the

InternatIOnal Fund for Agncultural Development (IFAD) under a special project enn

tled 'On-Farm Research on Groundnut, Pigeonpea, and ChIckpea, and Transfer of

Tecr..ndogy to the Sem1-And TroOlcs m India' The program was responsIble for three

crops, groundnut, pigeonpea, and chIckpea In the first year when dIfferent components

of technology were mtegrated, the cost of GPT (US$ 24 000) was computed on the baSIS

of the proportIOnate area under groundnut In subsequent years, the total budget allo

cated to LEGOFTEN was dlstnbuted (US$ 20 000) to represent the GPT package

whIch was apportIOned accordmg to the number of on-farm trIals conducted on ground

nut The budget of the State Department of AgrIculture for GPT extenSIon acnvltles

dunng the 1987-91 penod was also met through the LEGOFTEN program

The expenses mcurred m technology transfer through the State Department of Agncul

ture dunng the post-LEGOFTEN penod were calculated usmg the share of groundnut

m the total cropped area m the state, as no separate mformanon on resource allocanon to

each commodltyltechnology IS documented On the baSIS of the salary, operanons, and

overheads the annual technology transfer cost dunng the post-LEGOFTEN penod was

calculated to be US$ 7 500 ThIS cost was conSIdered from 1992 until 2000

Research and technology transfer benefits

The shIft m supply functIon under dIfferent technology opnons was assumed to be the

saVIng ill umt cost of groundnut productIon by adopnng the GPT package mstead of the

eXIsnng pracnce The cost reductIOn was about 37% If the full package was adopted, and

22% If only management practIces were followed (Table 22) There was about 100%

yteld enhancement If the total GPT package was adopted, and about 36% If only the

management pracnces were adopted
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Table 22 Cost ofproducnon and YIeld of groundnut under on-fann tnals With

dttferent technology opnons

Technology components
YIeld Cost Cost

Management Vanety (t ha 1) (Rs ha I) (Rs t 1)

Improved Improved 349 6990 200286

Improved Local 197 5990 304061

Local Improved 256 6570 256640

Local Local 1 74 5570 3201 15

Source Adapted from Pawar et a1 (1993)

Returns to research on GPT and Its transfer are determmed by companng estlffiates of

welfare gams WIth the Investment In research and technology transfer The economIC

surplus approach was used to quantIfy the gaInS due to the technology The approach

assumed a perfect market economy and a parallel shIft In supply functIon The estImated

adoptIon rates, ceIlIng levels, and reductIOn m umt cost of productIon were used to denve

the stream of benefits from research and technology transfer Investment In GPT The

net present value, the Internal rate of return, and the benefit-cost ratIO were estImated

WIth the follOWIng assumptIOns

• the ceIlIng level of technology adoptIon at 40%, and

• the demand elastIcIty was consIdered at 0 5%, whIle that of the supply at 0 1%

(Radhaknshna and RaVl 1990)

EconomIC surplus was computed under three optIons

• full adoptIon of the GPT,

• adoptIon of only management practIces, and

• adoptIon of only REF, WIth other practIces unchanged

SenSItIVIty analysIs was also performed by IncreaSIng the cost of research and technology

transfer by 10 and 20%

Table 23 presents the stream of research and technology transfer costs and the research

benefits and estImated net present value, Internal rate of return, and benefit-cost ratIo

under dIfferent technology optIons The analySIS revealed that the Internal rate of return

of GPT was 25 26% If total package of the GPT IS adopted The net present value of
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Table 23 Cost and benefit of research and technology transfer of the full
groundnut productIon technology (GPT) package

ICRISAT NARS Benefits Benefits Benefits
Cost Cost Full package Mng l REP

Year (US$ '000) (US$ '000) (US$ '000) (US$ '000) (US$ '000)

1974 456 456 0 0 0
1975 456 456 0 0 0
1976 456 456 0 0 0
1977 456 456 0 0 0
1978 456 456 0 0 0
1979 456 456 0 0 0
1980 456 456 0 0 0
1981 456 456 0 0 0
1982 456 456 0 0 0
1983 456 456 0 0 0
1984 456 456 0 0 0
1985 456 456 0 0 0
1986 240 456 0 0 0
1987 200 456 0 0 0
1988 200 456 0 0 0
1989 200 456 16257 7615 3642
1990 100 456 46062 21575 10319
1991 00 750 65029 30459 14568
1992 00 750 1151 56 53939 25797
1993 00 750 122833 57534 27517
1994 00 750 140445 65784 31463
1995 00 750 158057 74033 35408
1996 00 750 167089 78264 37431
1997 00 750 1761 21 82494 39454
1998 00 750 180637 84609 40466
1999 00 750 180637 84609 40466
2000 00 750 180637 84609 40466
2001 00 000 180637 84609 40466
2002 00 000 180637 84609 40466
2003 00 000 180637 84609 40466
2004 00 000 180637 84609 40466
2005 00 000 180637 84609 40466

Internal rate of return, IRR (%) 2526 19 15 13 50
Net present value (US$ '000) 345294 138906 45345
Benefit-cost ratIo 937 439 210

1 Mng =management practices only 2 RBF =raised bed and furrow only
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mformatIOn from the research and technology transfer program on GPT was estImated

to be US$ 3 45 mIlhon The benefit-cost ratIo was 9 37, whIch means that every US$ 1

mvested m developmg and dIssemmatmg GPT produced an average benefit ofUS$ 937

throughout the penod

When only management practIces (mcludmg RBF, nutnent management, plant protec

tIOn measures, etc) were adopted, the mternal rate of return (IRR) was 19 15% The net

present value was about US$ 1 4 mIllIon WIth a benefit-cost ratIO of 4 39 The rate of

return was low (13 5%) when RBF alone was compared WIth the flat method of cultIva

tIon ThIS shows illgh complementanty between dIfferent management practIces, espe

CIally WIth RBF These results confirm farmers' perceptIons that RBF YIelds illgher re

turns If adopted along WIth other technology components, mcludmg Improved vanetIes

The IRR under farmers' partIal adoptIOn level was 21 1% These results clearly re

veal that the research and technology transfer mvestments on GPT package yIelded

posmve returns It was noted that even when the components of GPT were partIally

adopted, the research and technology transfer mvestments were JustIfied

Smce the research and technology transfer costs mcurred by ICRISAT, NARS, and the

State Departments of AgncuIture were not actual figures, SenSlt1Vlty analySIS was carrIed

out by enhancmg these cost estImates by 10 and 20% The results revealed that the IRR

IS rather msenslt1ve to changes m costs of research and technology transfer (FIgure 13)

Assummg that the cost of research and technology transfer mcreases by 20%, the rate of

return IS lowered by about 6% (from 2526 to 2376%) If the full GPT package was

adopted In another case, when only management practlces were adopted, an mcrease of

20% m research and technology transfer cost lowered the IRR by about 7% (from 19 15

to 1840%) Tills shows that even under the severe assumptIOn of raIsmg the cost of

research and technology transfer by 20%, the IRR dId not sIgmficantly change Senslt1v

Ity analySIS was also done by mcreasmg the NARS research cost by 10 and 20% as correct

mformatIon was not avaIlable It was observed that there was no sIgmficant declme m the

mternal rate of return as the research cost mcreased by 20% The rate of return declIned

from 25 26% to 25 11% m the case of the full package, from 19 15 to 19 00% for man

agement practlces, and 13 5 to 13 34% for RBF

It was stated earlIer that a number of farmers were unaware of the dIfferent compo

nents of the technology ExtenSIOn efforts may play an Important role m populanz

mg the technology It was therefore assumed that If the mvestment m technology

transfer of GPT mcreased by 25%, shIftmg the cedmg level to 50%, the addmonal
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Figure 13 Internal rate of return (IRR) With change 1U groundnut producDon

technology (GPT) research and technology transfer cost

gams were estimated to be about US$ 270 260 If the cel1mg level further mcreases

to 60%, the addmonal gams were estimated to be US$ 440 180 ThIs would support

the mvestment on technology transfer of GPT, whIch In turn mcreases Its populanty

among farmers

The dlstnbutIon of welfare gams between farmers and consumers IS shown m FIgure 14

The dlstnbutIon of economIC surplus to producers and consumers clearly showed that

producers were the pnmary beneficIanes of the GPT TheIr share m the total gam was

about 84% ThIS calls for mcreased adoption of the lIDproved technology by a WIde range

of farmers
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Figure 14 Groundnut productIOn technology (GPl) and dIstrIbution of

welfare gams

Summary and conclusions

Barher studIes measunng returns to mvestment m agncultural research and technology

transfer were mostly restncted to genetlc enhancement of vanous commodmes Adop

tIOn assessment and evaluauon of returns to mvestment on crop and resource manage

ment research were practlcally Ignored, although tIns area of research shares a slgn1ficant

proportion of total research mvestments To JUsufy future financIal support on a sustam

able bas1s, 1t 1S Important to contmuously momtor and evaluate the 1mpact of research

mvestment m tIns area

Tills study IS concerned W1th (a) adopuon trackmg of dIfferent crop and resource man

agement optlOns, and (b) esUmatlon of research cost and evaluauon of research benefits

A spec1fic case, the groundnut producuon technology (GPT), was taken for the study

GPT IS an mtegrated technology package put together at ICRISAT based on a reVlew of

all the ava1lable mformanon, and after carefully 1denufymg the constramts m major

groundnut-producmg reglons Important components of the GPT are grouped as (l)

land management makmg RBF for groundnut cultlvatlon, (11) macro- and m1cro-nutn

ent management, (m) 1mproved vanetles, (IV) msect, dIsease, and weed management,

48



and (v) water management The technology was mltlally tested m elght states of Indla,

but lt was found mamly sUlted to Maharashtra state 355 farmers m Maharashtra were

randomly selected for the study followmg a multi-stage stratified random samphng tech

mque Relevant mformation was collected from the selected farmers usmg a structured

quesnonnalre, mtervlews were conducted between late 1994 and mld-1995 to track the

adoptlOn of dlfferent GPT components

To quannfy the returns to mvestment on research and technology transfer, three aspects

were exammed (1) adoptlon rates and the spread of dlfferent components of GPT, (11)

research and technology transfer cost, and (m) benefits from the research and technology

transfer program LoglStiC growth functions were estimated to descnbe the rate of adop

tion of each component of the GPT Economlc surplus and dlstnbutlon of welfare gams

due to mvestment m the research and technology transfer program were estlmated by

assummg a parallel Shlft m supply functlOn Internal rates of return, net present values

and benefit-cost ratlos were computed under three optlOns (1) full adoptlOn of the GPT

package, (11) adoption of only management practices, and (m) adopnon of only REF Wlth

other practices remammg the same SenSltlVlty analysls was also carned out under van

ous assumptlOns related to changes m research and technology transfer mvestment

The study found that farmers pamally adopted the concept of crop and resource man

agement research products, and modlfied the technology options accordmg to thelr

needs, convemence, and resource endowments Dlfferential adoption of vanous compo

nents of the technology was observed About 31% of the summer season groundnut m

the study area was assessed under REF The adoption rates for lmproved vaneties was

about 84% and for smgle super phosphate was about 70% Farmers who cultivated

groundnut on REFs also adopted ICRISAT groundnut vaneties m about 65% of the

groundnut area In contrast, those who dld not adopt the REF method, had sown

ICRISAT vanetles on less than 10% of the groundnut area Gypsum and seed dressmg

are becommg popular and thelr adopnon reached shghtly above 40% The use of ferrous

sulphate and spnnkler lrnganon were m the early stages of adopnon It was noted that

the adopnon of dlfferent components was assoclated largely Wlth the REF method, Wlth

adoption of all components bemg slgmficantly hlgher among those who had adopted thlS

method The probablhty of adoptmg the REF was hlgh when farmers had access to

technology-generanng and technology-transfer systems Avmlablhty of appropnate lm

plements, capital, and lrngatlOn also determmed the adopnon of the REF technology

optlOn
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At farm level, benefits were reahzed m terms ofY1eld gams (38%), higher mcome (71%),

and efficient uulizauon of mputs Benefits related to gender and sustamabihty issues were

also realized by farmers who adopted components of the GPT The technology helped

generate employment and improve labor productiVity There were also some posmve

lmphcanons for gender and sustamabIhty Issues

At an aggregate level, the benefits from the GPT were hIgher than the costs m terms of

mvestment on research, packagmg, and technology transfer The IRR on GPT was

25 26% If the total package was adopted It was 19 15% when only management prac

nces, mcludmg RBF, nutnents, etc, were adopted The IRR was only 13 5% If only RBF

was practIced The dIstnbunon of economIC surplus to producers and consumers

showed that producers were the prunary beneficianes of the GPT, shanng about 84% of

the total benefits

The followmg conclUSIOns may be made on the baSIS of the above dISCUSSIon

Partial and modified adop1:lon DIfferent components of the GPT were partIally

adopted and modIfied by farmers A key component, Ie, the RBF method of cultIva

tIOn, was becommg popular amongst farmers The level of adoptIon of Improved vane

tIes and use of macro- and micro-nutnents was ImpreSSIve Other components, espe

Cially the spnnkler method of ImgatIOn and use of ferrous sulphate, need better market

access for their adopnon The Government ofIndia IS already extendmg a subSIdy (rangmg

between 25-50%) on purchase of spnnkler sets It IS expected that m years to come the

spnnkler method of ImgatIOn wtll be more popular and Widely adopted

POSltiVe on-farm benefits Adopnon of the technology had a posltlve Impact m terms

of hIgher gram Yield and mcome, better gram pnces, savmg of Important mputs, mclud

mg rrngatIon and labor (particularly for the female labor force) for some tedIOUS opera

tIOns The technology generates employment and also Improves labor prOdUCtIVIty The

GPT has sIgmficant unphcatlons for Issues related to gender and sustamabIhty

Modest economlC surplus Investment on research and extenSIOn on GPT, studIed

under dIfferent opnons, revealed that It was paymg modest dIVIdends It generated a

surplus for consumers and producers, WIth the latter bemg the pnmary beneficlanes

Research on developmg appropnate lmplements In VIew of the lugh cost of the

implements aVailable to make RBFs, It is Important to allocate resources for the deSign of

50



cost-effectIve technology WhICh SUIts the farmers' reqUIrements There IS a need for a

well-desIgned sUItable Implements that wIll faclhtate easy maIntenance of the REFs

Need for technology wssennnanon Addmonal Investment In technology transfer ac

tIVItIeS of GPT w111 be rewardIng, partIcularly In the VertIsol regIOn It IS necessary to

conduct large-scale demonstratIons and gIve wIde mass medIa coverage ThIS should be

done after the technology transfer target areas have been carefully IdentIfied

Follow-up acnon It was observed that there was no follow-up aCtIVIty on the GPT after

the LEGOFTEN program concluded In all regIons except Maharashtra state There IS a

need to follow up GPT dISSemInatIon In areas where the technology YIelds better results

IdenntY constramts It would be worth asseSSIng constraInts to adoptIon of dIfferent

components of the GPT, partIcularly of REF, to propose an appropnate strategy for the

WIde-scale adoptIon of the technology Such a study could reveal whether adoptIon was

lImIted by lack of necessary Inputs and Implements or by the wrong chmce of target

regIons
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