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Abstract

Quantification of adoption and impact of crop and resounamagement technologies is complex, although
this area of research shares a significant proportioresdarch resources. This publication discusses some
methodological complexities in assessing the impactropcand resource management technologies, and
estimates the impact and spread of various componeradexthnology, popularly known as the 'Groundnut
Production Technology Collaborative research by ICRISAT and the Indian NARS Itesluin the develop-
ment of this technology; some of its components are nosdus Indonesia and Vietnam. The technology
was developed in 1986, and widely tested on farmers' fieldshd 1987-91. The technology integrates
various crop and resource management options, whictudesl land management, nutrient management,
insect pest and disease management, seed management,aterdnvanagement. Based on a survey con-
ducted in Maharashtra, India, the study observed partidl dep-wise adoption of different components of
the technology that range between 31% for raised-bed amdw method of land management to 84% for
improved varieties. In comparison to the prevailing tedbgg, the groundnut production technology gives
38% higher yields, generates 71% more income, and redudesast by 16%. The technology also contrib-
utes in improving the natural resource base, and easesircevbomen specific agricultural operations. The
total net present value of benefits from collaborative aesle and technology transfer is more than US$ 3
million, representing an internal rate ofreturn of 25%.eTstudy suggests important lessons for research anc
technology transfer policies, and for development ofrfeitbesearch priorities.

Resumé

L'tvaluation de l'timpact de la technologie de gestion de cultures er de ressources: le cas de la technologie de la production de
l'arachide. La quantification de Iadoption et de 'impact des technologies de gestion de cultures et de ressources
est un processus complexe. Cet ouvrage examine des complexités méthodologiques de Pévaluation de 'impact
des technologies de gestion de cultures et de ressources, Plus précisément, it détermine Pimpact et la diffusion des
composantes de la technologie dénommeée Ia “technologic de la production de 'arachide” (GPT, Groundnut
Production Technology) mise au point dans le cadre de la recherche collaborative réalisée par PICRISAT et les
systémes nationzux de recherche agricole (SNRA) de I'Inde. Quelques composantes de cette technologie sont
actuellement utilisées en Indonésie et au Viétnam. Mise au point en 1986 et largement testée en milieu réel
pendant les années 1987-91, cette technologie intégre diverses options de gestion de cultures et de ressources, y
compris 'exploitation de terres, d’éléments nutritifs, Ia lutte contre les insectes nuisibles et les maladies, 1a gestion
de semences et I'expleitation des eaux. Une étude effectuée dans I'état indien de Maharashtra a permis de
constater une adoption partielle et étagée des composantes différentes de la technologie, allant de 31% pour la
méthode d’exploitation de terres dite “de planches élevées et sillons™, jusqu’i 84% pour les variétés améliorées.
Par rapport 4 la technologie disponible précédemment aux paysans, la nouvelle technologie GPT donne des
rendements 38% plus élevés, engendre 71% de revenue en plus, et reduit le cott unitaire de 16%. En outre, elle
contribue & Penrichissement de la base de ressources naturelles, et rend plus faciles certaines opérations agricoles
effectuées particuliérement par les femumes. La valeur actuelle nette totale des bénéfices découlant de 1a recherche
collaborative et du transfert de technologie est de I'ordre de US$ 3 millions, ce qui se traduit par un taux interne
de rendement de 25%. Enfin, Vétude propose des legons wnportantes pour les polidques de recherche et de
transfert de technologie, ainsi que pour I’élaboration des priorités de la recherche future.
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Introduction

Studies measuring returns to investment on agriculturs¢aech and technology transfer
for a wide range of commodities and countries have showgh bkocial payoffs, suggesting
that increasing investment on agricultural research &ahnology transfer would be
worthwhile (Akino and Hayami 1975, Arndt et al. 1977,e80on and Jha 1973, Lindner
and Jarrett 1978, Ruttan 1982). The topic has been wekwed by Arndt et al. (1977)

and Ruttan (1982). Most of the earlier studies were ceuafino the quantification of

research benefits at the aggregate level with a focusnoprdved varieties. Adoption

assessment and evaluation of returns on research investelabed to crop and resource
management including research on crop husbandry, soiwaitrient management,
and plant protection measures received little attentialthough this area of research
shares a significant proportion of the research resouré®s example, at the Interna-
tional Crops Research Institute for the Semi-Arid Trop{tGRISAT), about 30% of the

research expenditure was associated with the resourcageament program in 1991 and
1992 (ICRISAT 1993). Traxler and Byerlee (1992) reportkdttcrop management re-
search accounted for about one-half of all investment op aesearch. Earlier studies in
this area of agricultural research were concerned mainth wssessing the diffusion of
different components of technology, and determining tl@straints to their adoption.
Traxler and Byerlee (1992) attempted to evaluate thernstwo investment in crop and
resource management research and reported a positiveofrageurns.

The objective of crop and resource management researnchrese production potential

by generating research information on various crop progactomponents and integrat-
ing them into a package oftechnology options. Figure liaddse@m model research process
adopted to develop crop and resource management teayol®he figure is organized

in three parts: (1) the left-hand portion shows independesearch and development
processes of different crop and resource managementigeacbver time and space, (2)
the middle component depicts the process of integratirdgpackaging all the important

technology components derived from the first stage, adtlie right-hand side shows
the technology dissemination process and adoption of wari@chnology components.

Alternative technology options are reviewed and evadadt all three stages, and refined
for their adaptability to different regions or ecologicanditions.

Adoption and impact assessment studies related to téepies derived from crop and
resource management research often become complicated thieetechnology options
are modified and/or partially adopted at farm level.eTtechnology packages are divisible
and can easily be disaggregated into subsets of one omltwwo mixture of components,
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providing flexibility to farmers who tend to opt for onlydee components which meet
their objectives, e.g., provide a higher rate of retom capital expenditure or alleviate
major production constraints. A high degree of spatiatl aamporal variability is ob-
served in the adoption of different technology optionsated to crop and resource
management research. Evidently, these constrain thesament of the adoption process
and impact evaluation of various technology componemssystematic appraisal is,
therefore, needed to quantify the returns to researchsinvent in crop and resource
management research. This study is an attempt in thictidore

The study has three objectives:

 First, to develop a framework to understand the adoptiatiepn of a package
related to crop and resource management research.

e Second, to estimate the adoption rate of differenfpcamd resource management
components.

 Third, to estimate research and technology transfer caatd quantify benefits
from crop and resource management research and techntlaggfer related
investment.

The study evaluates a specific technology - the GroundPudduction Technology
(GPT) - a joint research product of ICRISAT and the Imdidational Agricultural
Research System (NARS) program on genetic enhancemeay, aard resource manage-
ment research, and technology transfer. The technologyed at enhancing the
production of groundnut, an important oilseed crop whoontributes more than 55%
to oilseed production in India.

The paper is divided into six parts. The introductory smttilescribes the background
and objectives while the second section presents theryi®ofthe GPT and its dissemi-
nation in farmers' fields. This is followed by a descriptiof the research evaluation
framework to assess adoption and evaluate the impact of .GPTrhis section also

presents the sampling design used to conduct the studye fdulrth section presents the
results of the study, and the paper concludes with inapiloms for farther research,
policy recommendations, and outlines priorities for egsé.

History of the technology

The development of GPT in India evolved with the need toaewle groundnut produc-
tion and yield to meet the rising demand in the country amdetduce the import of
edible oils. In 1986, the Government of India introddc® massive program known as
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the 'Oilseed Technology Mission', allocating more reses to research and technology
transfer activities, and offering remunerative pricesoitseed producers, among other
measures. ICRISAT, through its Legume On-Farm Nurserywdek (LEGOFTEN)
was an active partner with the Ministry of Agriculture an@ tNARS in identifying ap-
propriate technology options for increased groundnubdpiction and transferring
these during the period 1987-91. LEGOFTEN vyielded déseraesults. The area under
groundnut expanded from 6.84 million ha in 1987/88 to 8.6[lian ha in 1991/92, and
production increased from 5.88 million tons in 1987/88 t677million tons in 1991/92
(Government of India 1993). Production of other oilseadiso substantially increased
during the late 1980s.

After reviewing all available and relevant research infation and carefully identifying
production constraints in the major oilseed-producirgiions in India a technology
package was integrated at ICRISAT. This package wasotigirly discussed with the
NARS and State Departments of Agriculture. Since a paldictechnological package
performed well in one type of environment and poorly in aeotha unique technology
package was suggested for each location after charaatgrsdil, climate, nutrients, wa-
ter, pests, and diseases. Several on-farm trials andodstrations were conducted in
eight Indian states, covering Andhra Pradesh, Gujararndtaka, Madhya Pradesh,
Maharashtra, Orissa, Tamil Nadu, and Uttar Pradesh. &hes-farm trials were
launched under LEGOFTEN. During the on-farm trials, suggested technology op-
tions for different locations were regularly monitoredljwsted, and refined to meet local
requirements. For example, when the crop showed symgtof iron deficiency, the
application of ferrous sulphate was specifically recomdeeth, and added to the technol-
ogy package. The following steps were adopted to developl Gptions for on-farm
trials:

(a) Identify major constraints:

* identification of farm-level constraints related to Isavater, nutrients, insects, and
diseases;

(b) Test available technology options:

 review of relevant ICRISAT/NARS research results tleatld alleviate production
constraints;

» collation of published and unpublished literature fetewant research activities;

+ determination of research components and integratiomexdd into a package for
on-station and on-farm trials;



» discussion of various technology options with the NARXRpartments of Agricul-
ture, and such important agencies as the National Dagyelopment Board
(NDDB);

(c) Disseminate new technology components:

* conduct 141 on-farm trials jointly with NARS and Statep@etments of Agricul-
ture to demonstrate the potential of GPT in comparismrexisting practices,

 conduct 1338 on-farm demonstrations by the State Ois&Rwers' Cooperative
Federation through NDDB during 1987-91, and 447 on-faemdnstrations by
different State Departments of Agriculture during 198 -

e« conduct training programs for extension staff, andaoige farmers' days to
disseminate the technology;

(d) Complementarity between varieties and resource mamaqgt:

* modification and adaptation of technology options to swocal requirements.

* Important GPT options are listed in Table 1. The compdseofthe GPT can
broadly be divided into:

- land management: preparation of raised-bed and furrowaF{Ror groundnut
production;

- nutrient management: efficient application of macesxd micro-nutrients;

- improved varieties: high-yielding variety seeds, seatk and seed dressing/
treatment;

- insect and pest management: effective control of irssediseases, and weeds;
and

- water management: improve efficiency of irrigationeus

Four components ofthe GPT package were in use by the farbedore the package was
introduced: These included: (i) improved varieties, $iifgle super phosphate, (iii) seed
dressing, and (iv) seed drying. Other components have leeeloped through NARS
R&D, and ICRISAT's Groundnut Improvement Program. ICRTSs Resource Man-
agement and Farming Systems Programs had research data tanthmanagement and
configuration system. This area had been extensivedgasched by ICRISAT scientists
since the mid-1970s, so understandably, ICRISAT wasrested in the performance of
these components. This collaboration with Indian NARS &hdistry of Agriculture in
the technology transfer program provided an opportundtyconfirm the suitability and
viability of the concept in farmers' fields.



Table 1. Important components ofthe groundnut productiontechnology (GPT)
package and local practices.

Component Improved package (GPT)Local practice
Land management Raised-bed and furrow
Seedbed (RBF) Flat

Nutrient management (Hj
Farmyard manure 5-12 t 10 t
Ammonium sulphate 100 kg Diammonium
phosphate: 100 kg

Single super phosphate 300-400 kg Murate of potash: 100 kg
Zinc sulphate 10-20 kg every 3 years 20 kg
Ferrous sulphate 2-3 g kg -
Gypsum 400 kg 200 kg
Seed
Improved variety ICRISAT varieties Local varieties
Seed rate 125-150 kg hd 120-125 kg hd
Seed treatment Thiram, Bavistin® or Thiram

Dithane M 45®

Disease and pest management Bavistin®, dimethoate, Need-based
monocrotophos

Water management Furrow or sprinkler Flood

The RBF was viewed as an important component of the GPT.dtapared by opening

a furrow 30 cm wide and 22.5 cm deep at 1.5-m intervals to fear rows of groundnut

with a distance of 30 cm between rows. This specific lang@ration system is known

as broad-bed and furrow (BBF). Over a period oftime, tbecept of BBF was modified

to suit the requirements ofthe farmers into narrow-bed famdw, a bed of 75 cm, and
ridge and furrow systems (Figure 2). Traditionally, fi@rs use 1-2 harrowings to sow
groundnut on flat land. The advantages of raising the hbedl farming furrows were to:

(i) reduce soil erosion, (ii) provide surface drainagi@) concentrate organic matter and
fertilizer application, and (iv) reduce soil compactianound plants. It was initially de-
signed for the micro-watershed of the Vertisol technglég achieve optimal use of land
and water resources in rainfed agriculture.
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30—
cm

- 1.5m

1. Broadbed-and-furrow: ideal for rainy and postrainy seasons,
under sprinkler in all soils

2. Bed and furrow: ideal for rainy and postrainy seasons under
furrow irrigation in sandy loam soils

3. Narrow bed or ridge and furrow: ideal for postrainy seasons
under furrow irrigation in black and lateritic red soils

Figure 2. The raised-bed and furrow (RBW) method ofgroundmut cultivation.



On nutrient management, GPT suggested a balanced andemfficse of macro- and
micro-nutrients to control nutrient mining from the soilhese included use of ammo-
nium sulphate, single super sulphate, gypsum, zinclathky, and ferrous sulphate. These
were recommended after nutrient deficiencies were aete in groundnut-growing
regions. The application of macro-nutrients - ammoniuaipBate and single super
phosphate - had been previously recommended, and wastedidyy farmers even be-
fore the GPT was packaged this recommendation was eskbptause these fertilizers
supply nitrogen, phosphorous, sulphur, and calciumat tare essential for the groundnut
crop. Gypsum was recommended as a source of calcium poowe pod development.
Zinc sulphate and ferrous sulphate were recommendedvéocome zinc and iron defi-
ciencies. Potdar and Anders (1995) reported that irblorosis led to groundnut yield
reductions of 32% for pod, 18% for fodder, and 25% tiwral dry matter production.
Therefore, the use of ferrous sulphate was considerg@bitant to increase groundnut
yields.

Leaf spot, rust, collar rot, and bud necrosis are commaeasdies of groundnut. The
yield losses due to these diseases were estimated to b&%0-3imilarly, 15-20% yield
losses were caused by insects (Pawar et al. 1993). Qoilaand other seedling diseases
are also common in groundnut crops. Very few farmerstttbair seed with fungicides.
Fungicidal seed treatment was incorporated into GPT pgek&imilarly, herbicides and
pesticides recommended by ICRISAT and NARS, to controldge&nd pests before the
GPT was developed were also included in the package.

Water management is another important component ofGHel as irrigation water is
scarce in the semi-arid tropics. Irrigation-use efficienncreases with the use of furrows
compared to irrigation on flat land. Sprinkler irrigatiomasvincluded in the GPT to
enhance irrigation water-use efficiency.

Varieties developed at ICRISAT were recommended as paithe GPT. Generally,
farmers were adopting either local or improved varietreteased in the mid-1970s.
ICRISAT varieties were high-yielding and less susceptibd pests and diseases.

Most of the above components ofthe GPT package were nof theey were known and
independently recommended earlier by various researoBtitutions, including

ICRISAT. Ironically, their adoption at farm level wasnlted, and the most often cited
constraints were inadequate information and insufficiemsources. The aim of this
publication is to confirm the effectiveness of the teclogy transfer program jointly
undertaken by ICRISAT and the Indian NARS; and to evaluhte benefits gained by



farmers when the technology options recommended for gdaub production were
adopted. The critical role of ICRISAT as a catalyst intparship with the NARS in this
program will be examined. The authors also describe hlogv éssential components
were taken up and how popularization of the GPT amongst ypahiakers, extension
personnel, and farmers has influenced the adoption gsoce

Research evaluation framework

Sampling

A key issue in the assessment of adoption of crop and resauenagement technology
packages is the definition of adopters. This is becaugseraecomponents ofthe technol-
ogy package are already known and adopted even before ttodlutition ofthe package.

Another issue is that farmers are free to choose and aamptsubset of the technology
package. To systematically evaluate the adoption procesmponents of the package
were categorized and key components were selected to glssim farmers who adopted
the full package, those who only adopted some componamtd,those who continued to
use components that were recommended before the intraduaf the GPT. The

analysis also considered evaluation of adoption wherekeyecomponent was selected to
distinguish the adopters ofthe technology package.igh ltorrelation of adoption of this

component with other technology options is an importamtsederation in selecting this
key component. The selected component should also kenglisshed from technolo-

gies practiced before the package was introduced.

In the case of GPT, the raised-bed and furrow (RBF) mettfddnd configuration was
selected as the key component to distinguish the adopittbe technology. It was
noted that this component distinguished the GPT from t@tyhnologies recommended
earlier. Other components also differ from those recended earlier but largely in
terms of their recommended quantity.

As stated earlier, the technology was targeted at eighliestof the Indian semi-arid trop-
ics: Andhra Pradesh, Gujarat, Karnataka, Madhya Praddsiharashtra, Orissa, Tamil
Nadu, and Uttar Pradesh. Upon reviewing the recommendatior groundnut produc-
tion in different states, it was noted that the RBF comgot of the GPT was deleted
from the recommendations by almost all the state Departsneof Agriculture.
Maharashtra was the sole exception, because the methodsissuited to the agroclimatic
conditions of this state. Therefore, it was only in Medehtra that government and non-
government agencies followed up the dissemination of étértology even after ICRISAT

9



withdrew its on-farm activities. Since the objectiveswt@ assess the adoption and evaluate
the impact ofthe package, and the RBF method was theidgccomponent, Maharashtra
state was selected to confirm the adoption of the tedgyol

Maharashtra state spans the western and central pdandi@. Vertisols are the major
type of soil in this state where about 800 000 ha are akalcto the groundnut crop; this
accounts for about 10% of the total groundnut area inalnd

Multi-stage stratified random sampling was used to sedexgpresentative group of farm-
ers to track the adoption of different components of GeT.

As a first step, all districts growing summer groundmete stratified into high- and low-
intensity categories according to area grown. The topo®0oundnut-growing districts
were all categorized as high intensity, while the 108@&% groundnut-growing districts
were classified as low-intensity. Two districts, Paabh and Nanded, from the high-
intensity stratum, and two districts, Yavatmal and Anatayfrom the low-intensity stra-
tum, were randomly selected. The important features ofigdnut production in these
four selected districts are given in Table 2.

Each selected district in the second stage of sampling fwether stratified into three
groups oftalukas depending upon whether the intensity of groundnut ication was

Table 2. Area, production, and yield ofgroundnut in seécted districts of
Maharashtra, India, 1994.

Area Production Yield
District (ha) (t) (kg ha‘l)
Amravati 1133 1333 1224
(4.00) (5.23)
Nanded 23433 28767 1234
(82.32) (92.30)
Parbhani 47167 73567 1558
(84.03) (94.03)
Yavatmal 9267 11900 1282
(50.82) (70.97)
Maharashtra State 233900 384850 1640
(26.95) (39.06)

1. Numbers in parentheses represent the percentage ctaurmmer groundnut in total groundnut.
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high, medium or low. Alltalukas in a district were listed in descending order of theaare
under groundnut. The top 33% groundnut-productalgkas were classified as high in-
tensity, the next 33% as medium, and rest as low-intgrgribundnut-producing areas.
Threetalukas, one from each stratum, in every district were selectedoier representa-
tive groundnut-producing areas. The low-intensidlukas in Amravati district were left
out of the sampling because the area under groundnut dehemgsummer season was
very small.

The villages in eachialuka were then divided into three strata according to whether
area under groundnut was high, medium, or low, in calaswn with the Sub-Divisional
Officer of the Training and Visit (T&V) Program ofthe Depment of Agriculture. One
village from each stratum was randomly selected to maketal bf three villages from
eachtaluka. This approach was followed uniformly except in two casesthBri in dis-
trict Parbhani, and Yavatmal in district Yavatmal - wheéhe area under groundnut was
almost nil. To select the final sampling unit, the farouBehold, a random selection of
farmers was made from each village with the sample sipedéing upon total number of
groundnut producers in that village. In all, the study peerwas 355 farm households
(Table 3).

Table 3. Number oftalukas, villages, and sample farmers in selected districts,

Maharashtra.

District Talukas Villages Sample farmers
Amravati 2 6 60
Nanded 3 9 100
Parbhani 3 8 100
Yavatmal 3 10 95

All districts 11 33 355

Data

Information was collected from selected farmers using ecisgly structured question-
naire. Farmers were personally interviewed from late-1894nid-1995. Data on the
following aspects were collected from the farmers fog th994/95 crop season:

11



 Size of holding, operational area, irrigated and nagated area,
« Land use and cropping pattern,

e Technology adoption

total groundnut area,

first year of adoption of different components of GPT,

extent of adoption of different components of GPT in thetfyear,

extent of adoption during the last 3 years ending 1994l a
- modification in technology components, if any.

« Cost of groundnut production according to item and openat

* Yield and price of groundnut and its by-product,

« Farmers' perception on sustainability issues, and

« Constraints to adoption of GPT.

Information was also compiled from the T&V Program of thep@etment of Agricul-
ture, the Office of the Agricultural Development Officemdaseveral traders dealing with
components of the GPT.

Analytical framework

This section describes the analytical framework used tomase the adoption of various
technology options and quantify their impact. This isidéd into three parts. The first
part deals with the framework for adoption assessment,seeond with the attributes
governing adoption, and the third gives the method fopaot assessment.

Adoption assessment  framework

Adoption at the farmer's level is commonly defined as degree of persistent use of a
new technology when the farmer has complete informatiboua the new technology
and its potential benefits. At the aggregate leveis ilefined as the process by which new
technology spreads within a region. In their pioneeringew, Feder et al (1985) com-
mented that most adoption research viewed the adoptemnsidbn in dichotomous terms
(i.e., adoption or non-adoption). But for many typesrofaovations, the interesting ques-
tion is the intensity ofuse (e.g. how much macro- or winutrients are used per hectare
or how much land is sown to improved varieties). Recenflgather and Amacher (1994)
and Saha et al. (1994) incorporated intensity decisiofacéor that allows for a more
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realistic and informative assessment of the adoptiongsecFeder etal. (1985) pointed
out that such a two-stage approach is essential when dewiithg problems such as
fertilizer applications where intensity may vary widelgnang individuals who adopt.

Most agricultural technologies are recommended as a packaat include several com-

ponents, for example, management of soil, nutrients water, improved agronomic

practices, and use of high-yielding varieties. In mostesa the components of a package
complement each other to enhance crop production. Moghefcomponents of the

package can usually be disaggregated into subsets andeadopted independently.

Under such circumstances, several distinct technologog@ions are available to the

farmers. They are free to adopt either the complete agelor a subset of components of
the package introduced in the region. Farmers may pbriaalopt subsets of packages or
adopt a modified form of the recommendations. Farmergptddn of improved techno-

logical components is also observed to occur in a stepweenmar (Byerlee and Polanco
1986, Ryan and Subrahmanyam 1975). Adoption of partiamodified subsets of a

package is influenced by a wide range of economic and Istacéors, the physical and

technical aspects of farming, and farmers' attitutesisk. In stepwise adoption, ele-
ments initially adopted were those that provided the hsghate of return on capital

expenditure (Ryan and Subrahmanyam 1975).

Adoption tracking of agricultural technologies becomesmplex when several compo-
nents are involved. While assessing the adoption of eayasf technological options, two
major problems are encountered:

* identification of the specific research recommendatiadoEed by the farmers, and
* quantitative evaluation of the adoption of differemntponents.

To overcome such problems, a few studies in the past (Ry@hSubrahmanyam 1975,
Byerlee and Polanco 1986, Traxler and Byerlee 1992) stgdethe following steps:

» identify each component of the technology relevant te tacommended package
adopted by the farmer,

« assess the proportion of each technology adopted byathmeer, and

e ascertain the area covered under particular componehtise technology.

The GPT encompasses several components related tonadiient, crop, water, and
pest management. The adoption pattern of all these comysngas assessed. Each
participating farmer was asked whether he/she practicéf@érent components of the
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GPT. Ifthe answer was yes, the farmer was asked to r&eallyear of first adoption for
the different components which were further complemdnbg inquiry on:

» the area allocated to each component ofthe GPT and

 the intensity of application of each component of thBTG

The same questions were repeated for 1992, 1993, and 198949 the information on
first year of adoption and the 3 years ending 1994, the adoptath for each component
of the GPT was developed, and logistic curves were estionadedescribe the rate of
adoption of each component. The logistic curve is defined as

A = Kil(l + et (1)

where, A is the percentage adoption of the ith component of thel @&Ptth year; K is
the adoption ceiling ofthe ith component; tis the times bhie rate of adoption; and a is
a constant. The ceiling level for each technology compdmeas determined by estimat-
ing the function under several assumed ceiling levels dmabsing the one that yielded
the best coefficient of determination IR

Since most of the components of the technology other tih@nRBF method were also
recommended either independently or as a package ofipeacfor groundnut produc-
tion, the influence of GPT adoption, particularly RB, dhanging the rate or extent of
adoption of different technology components was examhibg using intercept and slope
dummy in the logistic functions after the introductiontbé GPT.

Factors  influencing  adoption

An analysis to determine the factors influencing adoptod the RBF method was under-
taken by estimating probit functions. The probability dbation was specified as a func-
tion of information about technology, soil type, resoa availability/constraints, and the
technology traits:

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

where PA is the probability of adoption of the RBF method dooundnut cultivation.
INFO is defined as information about the RBF method. Infation was defined in two
ways: (i) farmer's knowledge about the RBF method, andtli{fe farmer's contacts with
research and extension agencies, and frequency of usisg madia. SOIL is the type of
soil where the groundnut crop was grown. It was defined dsr light to medium black
soil, and 1 for deep black soils. RESORC is the availabdftgapital, labor, appropriate
implements, and irrigation water. RETRNS is the returnmenf groundnut crop.
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TECHTR relates to technology-specific traits. It exgl®whether technology traits, e.g.,
making and/or managing RBFs, are appropriate in term$iefresource availability of
the farmers.

I mpact assessment  framework

The main objective of investment in research and techgwltransfer is to generate
economic surplus for the society and increase the totll-being of producers and
consumers. Information on the following aspects is reggiito quantify the economic
surplus:

 research and technology transfer cost,

 adoption rate and spread of the technology, and

* benefits accrued from research and technology transfegrams.

This section describes the procedure adopted to estinestarch costs and benefits to

measure economic surplus and distribution of welfarengai

Estimation ofresearch cost. Information on actual cost of research and development
(R&D) and technology transfer is required to evaluate therrs to investment in agri-
cultural research and technology transfer. Approximadi@an also be made to estimate
the annual cost of developing and packaging the technolagy its transfer. These can
be based upon discussions with the scientists and extersaff who were directly in-
volved in conducting research, on-farm trials, and tedbgy transfer activities.

The annual cost of developing and packaging the GPT, aaddist of its diffusion and
transfer was systematically estimated by adopting theviohg procedure:

GPTRC = Cc + C:nars"' CeX[ (2)

where GPTRC is the annual research and technology traesfdr of all components;
C. is the annual research and overhead costs incurred atSIER C,as iS the annual
research and other costs at the NARS; apdi€ the annual cost of extension incurred by
the technology transfer department of the NARS.

To estimate the research and technology transfer cosCRiSAT, four components
were included: (i) salary of the research team, (ii) opgeral cost of research; (iii) over-
head cost at the Institute, and (iv) on-farm demonstrmatand technology transfer cost.
This was derived as follows:
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where, G is defined above; SAL. is the annual salary of the rededeam; OPR is the
annual operational expenses required to undertake GPR/Eldement, packaging, and
diffusion; OVR. is the annual overhead cost at the Institute; and QFDthe annual cost
incurred to conduct on-farm trials and demonstration$airmers' fields.

The salary (SAl) ofthe research team at ICRISAT was estimated by addiagsalaries
of all those associated with the research project, eachhiedgby the proportion of their
time devoted to the project:

n
(45AL_ = w, * SAL,
i=1

where, SAL. is as expressed above; SAis the annual salary of the ith research team
member; and wis the proportion of time allocated by the research teaember to
developing and packaging the GPT.

The operational cost (ORfR of developing and packaging the GPT was assumed at 35%
of the salary. This assumption is based upon the past e and existing norms at
ICRISAT. The overhead costs (OWR are usually considered to take half of the research
expenses (Byerlee 1996); this figure was also based oneitent research resource allo-
cation to different research projects at ICRISAT. Sinlkke technology components were
packaged and recommended for groundnut, pigeonpea,chiukpea, the research and
packaging cost for GPT was proportionately distribut@&dhe share of groundnut in the
total area of the three crops was used as a basis for atigcegsearch cost to GPT.
Similarly, the cost of on-farm research and technologydfar activities (OFR) under-
taken through LEGOFTEN, which started in 1987, was prapagtely allocated.

The NARS was also involved in packaging the technology antlaoting on-farm trials.

To assess this cost, several researchers were consuited was fixed at 10% ofthe total
cost incurred by ICRISAT, essentially on the basis of NABESticipation in the develop-
ment and packaging of the technology.

The expenses incurred in technology transfegJQGhrough the state department during
the post-LEGOFTEN period were calculated using the shégraundnut in total area
in the state as no separate document exists on resourcataiodor each commodity or
technology.

Estimation ofresearch benefits.The conventional, comparative-static, partial equi-
librium model of supply and demand in the commodity mankas used to estimate the
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economic surplus generated as a result of GPT. It wasmasguhat adoption ofthe GPT
would shift the supply function and benefit both producamd consumers.

The following set of linear demand and supply equatiorsewassumed to compute the
economic surplus and distribution of welfare gains frolmestment in the research and
technology transfer program:

DDt:at'bP[ (5)

SS = a + b'P; (6)

where P is price of groundnut, DD is total quantity demahd®S is total quantity sup-
plied in the region, t is the time, b in each equation espnts either the demand or
supply slope, and a in each equation is the intercept terimgch may vary over time.

These equations can determine the equilibrium price anatgya

A supply shift is expected to occur as a result of the redeand technology transfer
program. The shift is represented by reduction in unit odproduction due to adoption
of GPT. The cost reduction is denoted asTkhe new supply equation is then:

S§ =ai+ b’k + b'R (7)

where, all terms are as defined earlier except SS' widdhe quantity supplied with the
research and technology transfer efforts.

In the case of crop and resource management technologhesn several technology com-
ponents are involved and adoption patterns are diffeleatid step-wise, the computation
of shift in 'k’ becomes very complex and difficult. Thessmainly due to the effect of differ-

ent components of the technology, and interaction effachong the components adopted.

To estimate 'k’, i.e., shift in supply function, inforiwan available from on-farm trials was
used. In this particular case, results obtained duringaom- surveys were used to compute
the shift in 'k'. There were different sets of treatmemtsier on-farm trials (Pawar et al.
1993):

* With and without improved package: This allowed compani of the improved
package ofthe GPT, including improved varieties, RBRhoe, and other manage-
ment practices, with the local package.

« With and without raised-bed and furrow: This set congmaonly the RBF with the
flat method of groundnut production keeping the remaintlognponents of the im-
proved technology at their recommended level.

17



« With and without improved management practices: Thigtian compared the
improved management practices, including RBF and othanagement practices,
with flat method of groundnut production and other looeanagement practices.

Using the above equations, the economic surplus fromarekeand technology transfer
can be derived as follows:

(a) Consumer's gain:
CG;

1/2 (P - PP) (DP+ DD)
(Q/g) DD + (b Q%)/ (2 &) --- (8)

(b) Producer's gain:

PG, = 1/2 (P - P') (SS+ SS)
= (k- (Q/9)) S+ (b72)(k - (Q/9))* --- (9
(c) Aggregate welfare gain:
WG; = CG + PG
= k SS- (Q/g)(SS-DD: + (b Q)/(2 &) + (b/2)(k - (Q/g)) --- (10)

where, Q = b'kand g=b + b’

The streams of benefits from research and technology wansére derived using the
aggregate benefit (derived from equation 10), adoptioe,rand adoption ceiling level.
Net present value, internal rate of return, and bersdgt ratio were computed to justify
the research and technology transfer investment on GPT.

On-farm benefits of GPT relevant to the farmers were alsesagssl. These were measured
in terms of increase in groundnut yield and income, changekbor productivity and
employment potential, and gender-related aspects. Eeg'nperceptions on sustainability
were also assessed to understand the importance attaghfadniers to these issues.

Results and discussion

Adoption of GPT

The survey data were analyzed to estimate the adoptiormattof different GPT com-
ponents (Tables 4 through 9). The adoption behavior fifergint components of GPT
is discussed below:

Land management.Land management, considered to be a distinguishingifeaif the
GPT package, was an important component. It was obsetivedfarmers adopted the
concept of RBF method, but in the absence of appropriatelements they did not
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strictly follow the recommended practice of making thé&-h bed. A modified form of
RBF was developed by narrowing the width of the bed. Abobi%3of the farmers had
adopted the concept of RBF in 1994. Their number in@ddsom less than 4% in 1989
to 35% in 1994 (Table 4). The highest adoption of the raisedl-and furrow system
occurred among farmers who cultivated between 5-10 ha rd.l&About 43% of the
farmers in this category adopted the RBF concept. No fammaring less than 1 ha of
land adopted the RBF system in any form.

The area under this important component increased f8o8% of the total groundnut
area in 1989 to 25.5% in 1992, and reached about 31% id {98ble 5). The adoption
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Figure 3. Adoption ofthe raised-bed and furrow (RBF) method forgroundnut

cultivation.
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Table 6. Estimates oflogistic function parameters on aaption ofthe raised-
bed and furrow (RBF) method.

Parameter Coefficient Standard error t value
K 40.00
a -2.6363 0.3124 8.4388**+!
b 0.6898 0.0747 9.2342%**
b’ 0.2759
r’ 0.9552

1. *** = gignificant at 1% probability level.

path, estimated using the logistic function, showed a isb@st increase in adoption of
the raised-bed and furrow method for groundnut cultivatid@able 6 and Figure 3).
This indicates that farmers now realize the importancehefconcept for the cultivation
of summer groundnut.

Nutrient management. Balanced and efficient nutrient management was on¢hef

objectives of the GPT. It may be noted that prior to theaduction of GPT, farmers
were already applying macro-nutrients to groundnut anldeo crops. Application of

single super phosphate was actually started in 1982. dk to years for single super
phosphate application to be adopted in about 10% oftéa since 1982, but only 1 year
to cover an additional 10% of the area after the GPT wa®dniced. Such a trend was
further confirmed by estimating the logistic functionsieth revealed that the adoption
rate of single super phosphate was higher among those wWbapted the raised-bed and
furrow method than among those who did not (Table 7 and Figuré&Such a change in
adoption pattern can be attributed to the GPT.

Those farmers adopting the raised-bed and furrow methexk vapplying about 318 kg
ha' of single super phosphate, about 103% more than napi@ds were using (Table
8). The highest quantity of single super phosphate (34B&g was applied by farmers
holding 5-10 ha of land who adopted the concept of ratsedi-and furrow, followed by
the 1-5 ha farm size group (329 kg'haAmong the non-adopters of the raised-bed and
furrow, the highest quantity of single super phosphates wpplied by farmers with land
holdings greater than 10 ha.
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Figure 4. Adoption ofsingle super phosphate use by adopts and non-adopters
ofthe raised-bed and furrow (RBF) method.

Gypsum is the most important and popular micro-nutriestommended with the GPT.
It improves the physical and chemical properties of,sand contributes to the increase
in crop yields. Gypsum application by the sample farmeéasted in 1988. Less than 5%
of the farmers adopted gypsum application that year. B94] about 48% farmers ap-
plied gypsum to their groundnut crops. The area undgrsgy application increased
from 3.8% in 1988 to more than 40% in the 1994 season. Thetexdorate and area
receiving gypsum application was again much higher amtmgse who adopted the
raised-bed and furrow method (Table 7 and Figure 5).

About 48% farmers apply gypsum during groundnut produtt About 262 kg
gypsum ha"was applied by those who had adopted the raised-bed anawfunethod,
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Figure 5. Adoption ofgypsum use by adopters and non-adaprs ofthe raised-

bed and furrow (RBF) method.

Table 8. Intensity ofuse ofimportant inputs to groundnutcrop among

adopters and non-adopters ofthe raised-bed and furrow RKBF) method.

Non- Change in use

Input Unit Adopter adopter (%) t valued
Single super kg ha' 317.82 215.3 102.52 5.50%**
phosphate

Zinc sulphate kg hat 3.22 0.06 3.16 5.22%**

Ferrous sulphate kg ha' 1.07 0.00 1.07 4.26%*
Gypsum kg hat 261.84 69.65 191.86 8.54%**

Seed treatment Rs ha 35.95 16.95 19.00 3.33***

Pesticide Rs ha 166.47 58.82 107.65 4. 67+

Seed rate kg ha'  102.35 97.29 5.06 2.00**

1. *** = gignificant at 1% probability level, and ** = signdfant at 5 % probability level.
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compared to only 70 kg faby those grew groundnut using the traditional method-(Ta
ble 8). Farmers adopting raised-bed and furrow and owmninge than 10 ha land were

using the highest quantity of gypsum (363 kg'haThe corresponding quantity of gyp-

sum application by the non-adopters was 236 k{.Ha both cases, farmers were yet to
apply gypsum at the recommended level of 400 kg.ha

Zinc sulphate and ferrous sulphate were important mrutients recommended as
part ofthe GPT. About 16% ofthe sample farmers applied sulphate to groundnut
crops in 1994. The area treated with zinc sulphate incok&een 3.6% in 1989 to 14%
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Figure 6. Adoption ofzinc sulphate use by adopters and nomadopters ofthe
raised-bed and furrow (RBF) method.
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in the 1994 season. The adoption level of zinc sulphais about 4 kg ha by those
practicing the RBF method compared to only 70 gnt Ibg other farmers (Table 8).

Few farmers adopted the use of ferrous sulphate. Abouto7¥e sample farmers in
1994 applied ferrous sulphate in 6% of the groundnut aréaough farmers have been
aware of the use and importance of this micro-nutrient, dspéion has been con-
strained by unavailability.

The rate of adoption of zinc sulphate was much highenttieat of ferrous sulphate
(Table 9 and Figures 6 and 7). These micro-nutrients wepdiespmainly by those who
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Figure 7. Adoption offerrous sulphate use by adopters ahe raised-bed and
furrow (RBF) method.

27



Table 9; Estimates ofthe logistic function parameters o adoption of
technology components adopted after introducing groundaot production
technology (GPT).

Parameter Zinc sulphate Ferrous sulphate

K 40.00 18.00

a -2.7847**! -2.3841*
(0.5891Y (0.7057)

b 0.7217** 0.8007**
(0.1113) (0.1687)

b 0.2887 0.1441

r? 0.8937 0.8492

1. ** = significant at 5% probability level, * = significamt 10% probability level.
2. Figures in parentheses are standard errors of theiaieefs.

Table 10. Adoption ofimproved groundnut varieties (asa percentage oftotal

groundnut area) by sample formers in Maharashtra, India.

Adopters Non-adopters
Variety of RBF of RBF All farmers
ICGS 11 12.71 6.34 8.35
ICGS 21 38.76 2.56 14.93
ICGS 44 8.57 0 2.93
ICGS 76 5.14 0 1.76
TAG 24 8.78 0 3.00
JL 24 3.43 10.34 7.98
SB 11 22.27 66.07 51.10
Other local varieties 0.84 14.69 9.95
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practiced the raised-bed and furrow. It may be noted that sulphate and ferrous
sulphate were also applied to other crops, most impontamite.

Ammonium sulphate was not applied by any of the sample fewrhecause of its high
prices, and its relative non-availability in the market.

Improved varieties. Among all the technology options, prior to 1989, impedwarie-

ties were adopted the earliest (1976) even before thedotitoon ofthe GPT. Adoption
of improved varieties was about 48% in 1989, reachingvellof 83% in 1994. The
adoption rate of improved varieties was highest amonghal components of GPT. The
adjusted rate of adoption of improved varieties was &idfor those practicing the RBF
method (Table 7 and Figure 8). There was a significanedfice in the adoption of
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Figure 8. Adoption ofimproved groundnut varieties by adgters and non-

adopters ofthe raised-bed and furrow (RBF) method.
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improved varieties between adopters and non-adoptéteeoRBF method. A higher
rate of adoption of improved varieties was observed aft&TGintroduction among
adopters of the RBF method; the accelerated adoption pfawed varieties may be
attributed to the dissemination of information on GPT.

SB 11, a variety released in the mid-1970s, still dominattes groundnut area in
Maharashtra. ICGS 21 and ICGS 11 have also gained promingmoag varieties re-
leased during the 1980s and early 1990s. There was a disfiffierence in the adoption
ofimproved varieties by adopters and non-adopters@RBF method. As many as 68%
of the farmers who adopted the RBF method have sown newtisriée.g., ICGS 11,
ICGS 21,I1CGS 44, I1CGS 76, and TAG 24) in about 73% ofabtea (Table 10). TAG
24 is at an early stage of adoption and is expected to cowega hrea because ofits high
yield potential and other physiological benefits. Amofagmers who did not adopt the
RBF method, only 8% had sown improved varieties on 9%heftotal groundnut area.
In the same group, SB 11 is grown by about 62% farmers o¥% 66the area. Non-
availability of seed of new varieties was reported toolme ofthe important constraints to
their adoption. There is also a general beliefamonméas that only new varieties yield
better under RBF method of cultivation. Adoption behavior improved varieties ap-
pears to be linked to farmers' perceptions of constraimtadoption of the RBF method.

Seed treatment and pest/disease managemereed treatment has been practiced since
1981. Its adoption picked up after 1990 when it was apphealbout 6% of the groundnut-
growing area. It may be noted that it took 8 years for téedstreatment to be adopted in
about 6% ofthe groundnut area before it was a part o&Rd package, but only 4 years to
extend to another 30% of the area after it became agidhte GPT package. Its use was
higher (Rs 36 hd) in the RBF adopter category than among non-adoptersl{Risa).

Among RBF adopters, farmers owning more than 10 ha of lamdirred the highest
expenses (Rs 238 ta for pesticides and disease management. The correspgrex-

penses by the non-adopters ofthe RBF concept amountedlyoRs 86 h&. The aver-
age pesticide use among RBF adopters was significantlyenigRs 166 ha) than among
non-adopters (Rs 59 Hya With the increasing incidence of pests and diseasés,attea

receives more attention from both farmers and GovernmeRttentially, 60% of the
area can be covered by pest management, as the T&V Prolgaargiven it high priority
under their Integrated Pest Management Program.

Other components. Harvesting at 65-70% pod maturity, and using the sprinkle
method of irrigation are components yet to be adopted ey rtajority of groundnut
cultivators. The former component was adopted by 10%heffarmers, while the latter
by only 4%. Since the Government of India now offers bBssdy (ranging from 25-50%)
on sprinkler sets, their wide-scale adoption is imminent
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Present and potential adoption of GPT

The results obtained from the sample survey were used t@pmxtate the present and
potential adoption of different components of the GPTh[Eall). Conservative esti-
mates indicate that about 47 048 ha ofthe groundnut arélaeirtountry could be culti-
vated using the RBF method of land configuration during swnmer season. The
adoption ceiling of this component is assessed at 40% oftbendnut area during the
summer season. At this ceiling level, the potentiab@don of the raised-bed and furrow
method may reach about 60 512 ha.

Table 11. Estimates ofextent ofadoption (ha) ofdifferet groundnut

production technology (GPT) components.

Technology component Present status Potential
Raised-bed and furrow (RBF) 47 048 60 512
Improved varieties 126 872 136 152
Single super phosphate 104 232 113 460
Zinc sulphate 21 179 30 256
Ferrous sulphate 9 077 15 128
Gypsum 63 235 68 076

Extrapolating the adoption indicators for macro- and noiautrients, it was estimated
that an area of about 104 232 ha might be receiving singhersphosphate for ground-
nut during the summer season. This may extend to a little @18 460 ha by the year
2000. For gypsum application, it was estimated at 63 285zinc sulphate at 21 179 ha,
and ferrous sulphate at 9 077 ha. Their potential adapfor summer groundnut is
expected to be about 68 076 ha for gypsum, 30 256 harorailphate, and 15 128 ha
for ferrous sulphate. Similarly, improved varieties abulover an area of about 126 872
ha during the summer season. These might ultimately cabeut 90% of the summer
groundnut area to occupy about 136 152 ha.

Factors influencing adoption of GPT

The findings described in the earlier section indicatattdifferent technology compo-
nents of GPT are adopted in a phased manner. Farmers falloational, step-wise
process of adopting improved varieties, nutrient mamagnt, soil management, and
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other components ofthe package depending upon: (i) nmdtion about the technology,
(i) niches for the technology, (iii) availability of cessary resources or inputs, (iv) mar-
ginal returns on the technology, (v) risks, and (vi) shility of technology traits. It is
important to understand the role ofthese factors in thmsden to adopt a specific tech-
nology. The analysis helps to assess the need to desigo@pgie strategies for technol-
ogy development, technology transfer, and facilitatiaquired resources or inputs.

Probit functions were estimated to determine factorsuericing the adoption of RBF.
The results are presented in Table 12. A coefficientdetermination (B of 71% is

noted. Table 12 clearly shows that availability of capitemplements, irrigation facilities,
technology traits, information about technology, and sgpe are important factors influ-
encing adoption of the RBF method for groundnut cultivati

Table 12. Estimated probit functions to determine facors influencing adoption

ofgroundnut production technology (GPT),

1994.

Variable Function 1 Function 2
Soil type -1.8465**
(0.8456) —
Operated area (ha) 0.0550 0.0282
(0.0570) (0.0599)
Irrigated area (%) 0.0276** 0.0237**
(0.0114) (0.0106)
Information 1.9581* 2.0235*
(1.2043) (1.1155)
Capital 0.0095*** 0.0091***
(0.0029) (0.0026)
Labor -0.5424 -0.6280
(0.5494) (0.5078)
Implement 2.5325%** 1.6943**
(0.8998) (0.7005)
Technology trait -1.4526%*** -1.2271%**
(0.4550) (0.3786)
Constant -10.503*** -10.723***
(3.1875) (2.9358)
R? 0.7106 0.6690

1.%** = significant at 1 %, ** = significant at 5 %, and * = sidicant at 10 % probability levels.
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In terms of resource availability, capital, implemené&nd irrigation have the expected
positive effect on the probability of adoption ofthe RBiethod. An implement, known

as the wheeled tool carrier, was designed to make broadbddurrows for groundnut

cultivation. It was observed that the draft power of thplement could not be success-
fully used. It was possible to reduce the width of thel bbg using a 'marker' or 'bed-
former' developed by a local manufacturer. However, ttesv implement was also not
easily available to the farmers. Those who had access sarttplement adopted the RBF
method of cultivation.

The results show that the availability of more resoureespgend on inputs increases the
probability of adoption of RBF. Availability of irriggon is also an important factor deter-
mining RBF adoption. The RBF improves irrigation-usiéiceency, and helps conserve
soil moisture for longer periods.

Technology is a highly significant (1%) factor. Difficulin making the RBFs was the
most important critical determinant of adoption. Inetlabsence of appropriate imple-
ments the beds are neither formed nor managed properierélis a need to design cost-
effective implements to make beds that meet the farmeguirements.

Adequate information about the technology is also an irguat factor in the adoption
process. As anticipated, information about the technpllogs a positive effect on adop-
tion of the RBF. It was found that farmers who adopted tldrielogy had better con-
tacts with research and extension organizations, and massa (Table 13). This is an

Table 13. Farmers' sources ofinformation about groundnt production

technology (GPT) (percentage of sample farmers).

Sources of information Adopters Non-adopters
Contacts with extension agencies 52 18
Contacts with research organizations 80 63
Farmers' days 92 94
Agricultural programs on TV 76 55
Agricultural programs on radio 56 28
Agricultural columns in daily paper 24 14
Agricultural magazine 44 32
Visits to agricultural agencies 64 23
T&V Program membership 96 45
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indication that exposure to outside information througlifedent sources greatly in-
creases the probability of adoption of the RBF.

Soil type was also found to be significant, indicatingtthiae RBF method was largely
adopted by farmers growing groundnut on light to mediunchklaoil Adoption of the
technology may be difficult in black and deep black soilstihe absence of appropriate
implements to work the soil.

These results have clear implications for technology giesitechnology transfer, and
institutional arrangements.

For extension agencies, the message is to create a betbemation network and de-
velop mass media programs about the technology. WhigeRBF is already included in
the extension agenda of the T&V Program, there is a needonhvince more farmers
about the positive gains from the technology and its wesicomponents. To meet this,
large-scale demonstrations and wide mass media covenrggesaential.

Research organizations must design a cost-effectiventdofyy that suits the requirements
of the farmers. Research efforts should be directed mogeesgively to design suitable
implements that require minimal efforts to maintain tRRBFs.

For banks and input delivery systems, the recommendaisoto develop a system of
delivering required inputs to those willing to adopt thmeproved technology. It is ex-
pected that there might be credit requirements for thecipase of sprinkler systems for
irrigation, and implements for making RBFs.

Farm-level benefits of the GPT

Substantial on-farm benefits were realized by those fasmgho adopted the GPT.
These benefits include yield gains, higher income, drettutput prices, cost saving, and
conservation of soil and water resources. These areusised below:

Yield gains. The contribution ofthe improved technology to enhancexpoields is an
important impact indicator that attracts farm produscerA technology is often preferred
if the potential yields using the improved technology brgher than that of the existing
technology with the same level of resources. GPT leadsigher yield potential than the
traditional practices. This was confirmed by on-stateond on-farm trials conducted in
different agroclimatic regions of India. Pawar et §1.993) reported a 60.3% yield gain
during 1987-90 summer seasons in 58 on-farm trials aebed in different regions in
India. Yield gain was most impressive in Maharashtra whi¢rose from 1.74 t hhwith
local practices to 3.49 t Hawith GPT, an increase of about 100%.
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Table 14. Yield (t ha') ofdifferent groundnut varieties obtained by adopters

and non-adopters ofthe groundnut production technolgy (GPT).

Variety Adopters Non-adopters Change (%) t values
ICGS 11 2.13 1.27 67.96 2.98***
ICGS 21 2.26 1.21 85.85 6.00***
SB 11 2.07 1.62 56.70 6.08***
JL 24 2.03 1.69 20.12 10.21%**
All varieties 2.20 1.60 37.73 10.28**

1 *** = gignificant at 1 % probability level, ** = significardt 5 % probability level.

In the present study, it was the adopters who obtaingtidriyields of groundnut than
non-adopters. The average groundnut yield of the adoptteigory was more than 2 tha
an increase of about 38%, in contrast to 1.60t bkthe non-adopter category (Table 14
and Figure 9 and 10). More than 70% of the farmers who adofite technology ob-
tained groundnut yields of more than 2.5 t'havhile only 13% non-adopter farmers
achieved this level (Table 15). As many as 97% of the fasnvelho adopted various
components of the technology obtained groundnut yieldsaggr than 1.5 t kg while
about 64% non-adopter farmers reached this level. Bh(y292) reported that the yield
levels with the GPT ranged from 2.08 t*han light soil to 2.9 t hd on medium soil. The
corresponding values for the local practices rangeaveeh 1.6 and 2.0 t fra

The performance of recently released groundnut varieti@s better when they were cul-
tivated in RBFs. ICGS 44 performed best (2.96 th#ollowed by ICGS 76 (2.9 t h9,

Table 15. Frequency distribution offarmers' (percentaye of sample) yield

levels for groundnut production technology (GPT) adoptes and non-adopters.

Yield (kg ha') Adopters Non-adopters
< 1500 2.7 29.4
1501-2000 25.3 51.4
2001 - 2500 52.0 12.9
>2500 20.0 0
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and non-adopters ofthe raised-bed groundnut by adopters and non-
and furrow (RBF) method. adopters of groundnut production

technology (GPT).

TAG 24 (2.3 thd), ICGS 21 (2.26 t Ha), and ICGS 11 (2.13 t 3. Among existing

popular varieties, JL 24 and SB 11 performed better whtthn mon-adopters of the RBF
method. Table 14 shows that yield gain due to the GPT wabkebigwith ICGS 21

(85.8%) followed by ICGS 11 (68%). SB 11 also showed a ygeloh of about 57% with
the adopters of the RBF method over non-adopters.

According to the sample farmers, improved GPT providettds plant growth, and yielded
more fodder. The average fodder yield ofthe GP T adoptendrs was 1.91 t Hawhile that
of non-adopter farmers was 1.78 t*han increase of about 7.13%.
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Income. Groundnut is a cash crop and is produced commercially bydies. As ex-
pected, incomes in the adopter category of farmers wegdeh than among non-
adopters: average income was Rs. 21 47bfoathose who adopted the GPT in contrast
to Rs. 15 580 hafor non-adopters, an additional net gain of about 7#6fthe adopters.
This higher income was generated because of higher growtnyield and better output
prices. It was observed that improved practices helpedeeehbetter pod development
and therefore the adopter farmers received a price pren{(nfmbout 10%) for the bold
grain. More than 50% of the adopter farmers reported tha improved management
practices facilitate better pod development.

Increase in yield is the combined result ofuse ofinveivarieties and better soil, water,
and nutrient management practices, and increased usertafrcenputs. The income,
according to variety, of adopter and non-adopter farmeas wassessed (Table 16).
Among adopters ofthe GPT, ICGS 21 yielded the highestrawirns, followed by TAG
24, 1CGS 11, SB 11, and JL 24. It was the opposite with adapters; JL 24 yielded the
highest net income followed by SB 11, ICGS 21, and ICGS 1lhisTconfirms the
farmers' belief that new varieties (especially fromRIGAT) perform better with the
components of GPT. While the high net income gained fros $C21 clearly indicates
why farmers in the study area preferred to adopt it rathan other new varieties, SB 11
remains the most popular variety covering 51% of theltgtaundnut area.

Cost saving.Another important impact of the technical changesasing in cost per unit
of production. Pooled results of all varieties indicatbdttthe (variable) cost of produc-
tion under improved management was Rs. 3.86ikgcomparison to Rs. 4.58 Kqunder

local practices, a saving of about 15.7% (Table 17 andriidil). Analyzing the results

Table 16. Netincome (Rs hd) ofadopters and non-adopters ofthe groundnut

production technology (GPT).

Variety Adopter Non-adopter Change (%) t values
ICGS 11 16928.47 6243.53 171.17 3.43***
ICGS 21 25389.23 7115.39 256.82 7.88***
SB 11 18107.12 12765.93 41.83 6.19***
JL 24 18066.51 14337.12 26.01 8.23***
All varieties 21465.88 15581.41 70.62 9.46***

1. ** = significant at 1% probability level.
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Table 17.

Unit cost (Rs kg') ofgroundnut production for different varieties for

adopters and non-adopters ofthe groundnut production tebnology (GPT).

Variety Adopters Non-adopters Change (%) t valueg
ICGS 11 4.33 6.94 37.61 2.82**
ICGS 21 3.87 6.35 39.07 3.38**
SB 11 3.82 4.54 15.84 4.17%**
JL 24 3.54 4.04 12.25 2.99%**
All varieties 3.86 4.58 15.72 5.42%**

1.

Cost(Rst )

Figure 11. Unit cost (Rs t*) of
groundnut production to adopters
and non-adopters of groundnut

production technology (GPT).
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*** = gignificant at 1% probability level,

5

B Adopters

O Non-adopters

Adopters Non*aplers

** = signifiant at 5% probability level.

obtained for each variety, it was observed
that saving was highest for ICGS 21 (about
40%). It was about 38% for ICGS 11. The
improved package was not so attractive
with the existing varieties, namely SB 11
(16%) and JL 24 (12%). The results indi-
cate high complementarity between im-
proved varieties and better land manage-
ment practices.

Adoption of the GPT also brings about
savings on some critical inputs, and in-
creases efficiency in input use. For exam-
ple, furrow cultivation or the sprinkler
method of irrigation save irrigation water
and at the same time improve irrigation
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 critical input in the semi-arid tropics.
Saving water and its efficient utilization
may facilitate extensive irrigation cover in
the semi-arid tropics and contribute to in-
creasing production.



Implications for labor and gender. 20 16
Labor productivity and gender implica- B Adopters
tions are important impact indicators es- B Non-adopters
pecially in regions where unemployment 114
and underemployment persist. The overall
labor requirement favored GPT adoption. ;g
It was about 12% higher with the im-

proved technology option than with the

1

Labor output (kg day )

existing local practices (Figure 12). Bothf__~
male and female labor use was higher ing
the adopter category of sample farmers%
Average productivity of labor (calculated %10
as the total groundnut production divided 8
by the total labor used) was also com-
puted for adopters and non-adopters of
GPT (Figure 12). It was observed that
labor productivity was 22% higher in the 5g |
adopter category. In terms of labor used
for groundnut production, those who
adopted different GPT components used

about 12% more labor than the non-

adopters. These observations clearly re- 5

veal that GPT options: (i) increase labor

use, and (ii) generate on-farm employmengigure 12. Labor productivity (days
opportunities in the groundnut-producingha"® and kg day') of adopters and non-
regions. adopters of groundnut production

technol GPT).
The RBF component of the GPT was de-Scnnotogy ( )

signed and advocated to ease certain agri-

cultural operations. It was observed that labor-usécieffcy improved for such opera-
tions as interculture, weeding, irrigation, and haruegtfor those who adopted the im-
proved package (Table 18). Labor use per unit of outpat wower for those who
adopted the GPT. This ranged from 19% for harvesting 3¢ Xor weeding, and 25%
for irrigation. Most weeding and harvesting operations &aditionally performed by the
female labor force. Almost all weeding and about 90-93%arfvesting were done by
women in both adopter and non-adopter categories. Lesdi@xeand lower labor re-
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Table 18. Labor use (days t ofgroundnut) for weeding, irrigation and
harvesting by adopters and non-adopters ofthe groundnuproduction
technology (GPT).

Operation Adopters Non-adopters Change (%)
Weeding 16.35 21.28 -23.16
Irrigation 8.90 11.83 -24.77
Harvesting 23.08 28.68 -19.52

guirement, especially by female family members, will hawglications for gender-re-

lated issues. These may include issues of health, clel@ldpment, and engagement in
more productive activities. These gender implicatiorequire further attention.

Though gender analysis of groundnut technology innovati®amadevi Kolli and

Bantilan 1997) was not included in this study, it has hdlfecus attention on the gen-
der research at ICRISAT.

Spillover effects. The assessment of spillover effects is considered itgmdrin the
research evaluation literature (Bantilan and Davis 199Mpst resource and input-
based technologies are relevant to several commoditgenson (1989) reported that
pre-technology science findings may spillover acrossmmdities because they enhance
invention potential in several commodity technology gmams. The GPT options were
observed to be applicable beyond the commodity for whichtéténology was devel-
oped. In the present analysis, questions were posed tsample farmers if they were
adopting the RBF method for crops other than groundnutvas found that the RBF
method was not confined to groundnut (Table 19). It alsonfloapplicability in the
cultivation of such other crops as chickpea, chilies,b®€@an, pigeonpea, sunflower, mus-
tard, and some vegetables. In our sample, 23% farmerseapphe RBF method to
different crops — chickpea (13%), chilies (6%), pigecap@%), and such other crops
as sunflower, soybean, and vegetables (2%). An incredasergl in adoption ofthe RBF
method was reported in chickpea and soybean. Farmerstegbdb-45% yield gain in
chickpea, and 15% in sunflower. Similarly, applicatiohnacro-nutrients in some im-
portant crops was also becoming popular in regions wheraefies had learnt about the
GPT package.
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Table 19. Percentage ofgroundnut farmers adopting the rged-bed and furrow
(RBF) method in other crops.

Crop Adopters (%)
Chickpea 13
Chilies

Pigeonpea

Other crops
Total 23

Sustainability issues.The study investigated the impact of the RBF method od lan
management on the sustainability of soil and water resmsir Farmers were questioned
about how they perceived the benefits of the RBF on soil andsture conservation.
75% of the farmers reported that the RBF method of landfigoration improved the
moisture conservation of the soil (Table 20). An equal nunpeeceived the benefit of
RBF in improving the drainage of excess water. Inputrsgvs another benefit seen, that
is reflected in unit cost reduction of the GPT.

Table 20. Farmers' perceptions of sustainability indicaors for the raised-bed
and furrow (RBF) method ofland configuration for crop production.

Sustainability indicator Farmers (%)
Improves moisture conservation 75
Improves drainage of excess water 75
Saves nutrients and water 28

Economic surplus and distribution of welfare gains

Research and technology transfer cost

As stated earlier, the research leading to the design oRBIE system began in 1974 at
ICRISAT and was assumed to continue until 1986. NARS wése mvolved in tech-
nology packaging and conducting on-station and on-faralstriSince the exact cost of
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research and technology transfer was not available, & astimated at three levels: (i)
ICRISAT, (ii) NARS, and (iii) technology transfer systenfithe state Department of
Agriculture/None of these institutions maintained cdata on research and technology
transfer. However, since 1994, ICRISAT has been maintaimecords of the research
budget of each project.

The research and technology transfer activities relabe@ P T at ICRISAT were imple-
mentedin four erstwhile programs: (i) Groundnut Improvemeno@mam, (ii) Farming
Systems Program, (iii) Resource Management Progrand, @) LEGOFTEN. While
the first three programs were largely involved in devehgpthe technology, the fourth
program dealt with the packaging of various crop and resmunanagement practices,
their on-farm testing, and large-scale demonstrationsasmérs' fields.

The estimated cost of research and technology transfeedoh component is given in
Table 21. The salary of the research team, operationpéreses, and overhead costs
were estimated in consultation with scientists and by ukistprical evidence. Using the
annual salary of each member of the research team, weighyeproportionate time in
the particular research activity, the annual cost ef slalary component was estimated at
US$ 34 900. The operational expenses to conduct resewod assumed to be 35% of
the salary component based upon past experience andagdstimat US$ 12 215. As

Table 21. Annual research and technology transfer costUS $) ofgroundnut

production technology (GPT).

Component Year Cost (US 8)
Research
Salary 1974-86 34 900
Operations 1974-86 12 215
Overheads 1974-86 47 115
NARS 1974-91 9 500

Technology transfer

Packaging/on-farm trials 1987 24 000
On-farm trials 1988-90 20 000
On-farm trials 1991 10 000
State expenses 1992-2000 7 500
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stated earlier, the overhead cost was considered to lhefithle total cost. Accordingly,
it was calculated to be US$ 47 115. Aggregating theseetlosst components, the total
annual research cost of developing the technology at BM1 was US$ 94 230. This
cost was apportioned into three crops, as the technologypoaents were similar for
groundnut, pigeonpea, and chickpea. Research costs Weratad to each crop based
on the proportionate area grown. Adopting this criteyivime annual research cost for
GPT was calculated at US$ 45 600. Annual cost of NARS Heirt participation in
packaging the technology was considered to be 10%, i.e§ 4S60.

The technology packaging and its transfer started fror@71Ghrough a program known

as LEGOFTEN. The initial budget for this program (1987d 1988) was met through
ICRISAT's core funds, and later (1989 to 1991) througtaficial assistance from the
International Fund for Agricultural Development (IFAR)nder a special project enti-
tled 'On-Farm Research on Groundnut, Pigeonpea, and @éékand Transfer of

Technology to the Semi-Arid Tropics in India*. The programas responsible for three
crops, groundnut, pigeonpea, and chickpea. In the yeat when different components
oftechnology were integrated, the cost of GPT (US$ @@)0Owas computed on the basis
of the proportionate area under groundnut. In subsequeats, the total budget allo-
cated to LEGOFTEN was distributed (US$ 20 000) to represka GPT package

which was apportioned according to the number of on-faiials conducted on ground-
nut. The budget of the State Department of Agriculture @P T extension activities

during the 1987-91 period was also met through the LEGOF PEdgram.

The expenses incurred in technology transfer through tia¢eSDepartment of Agricul-
ture during the post-LEGOFTEN period were calculatechgdihe share of groundnut
in the total cropped area in the state, as no separatematon on resource allocation to
each commodity/technology is documented. On the bastheofsalary, operations, and
overheads, the annual technology transfer cost duriegpthst-LEGOFTEN period was
calculated to be US$ 7 500. This cost was considered fre@2 Lintil 2000.

Research and technology transfer benefits

The shift in supply function under different technologytiops was assumed to be the
saving in unit cost of groundnut production by adopting thP T package instead of the
existing practice. The cost reduction was about 37%effthl package was adopted, and
22% if only management practices were followed (Table.ZPhere was about 100%
yield enhancement if the total GPT package was adoptad, about 36% if only the

management practices were adopted.
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Table 22. Cost ofproduction and yield ofgroundnut unde on-farm trials with
different technology options.

Technology components

Yield Cost Cost
Management Variety (t hat) (Rs ha') (Rs
Improved Improved 3.49 6 990 2002.86
Improved Local 1.97 5 990 3040.61
Local Improved 2.56 6 570 2566.40
Local Local 1.74 5 570 3201.15

Source: Adapted from Pawar et al. (1993)

Returns to research on GPT and its transfer are determinexbimparing estimates of
welfare gains with the investment in research and teamltiransfer. The economic
surplus approach was used to quantify the gains due to tttenadéogy. The approach
assumed a perfect market economy and a parallel shifipplg function. The estimated
adoption rates, ceiling levels, and reduction in unit afgtroduction were used to derive
the stream of benefits from research and technology fieanavestment in GPT. The
net present value, the internal rate of return, and thmeht-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 ofigthe supply at 0.1%
(Radhakrishna and Ravi 1990).

Economic surplus was computed under three options:

e full adoption of the GPT,

 adoption of only management practices, and

 adoption of only RBF, with other practices unchanged.

Sensitivity analysis was also performed by increasing th& of research and technology

transfer by 10 and 20%.

Table 23 presents the stream of research and technotaggfér costs and the research
benefits and estimated net present value, internad odtreturn, and benefit-cost ratio
under different technology options. The analysis rewddbeat the internal rate of return
of GPT was 25.26% if total package of the GPT is adoptelde fiet present value of
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Table 23. Cost and benefit ofresearch and technology tranesf ofthe full
groundnut production technology (GPT) package.

ICRISAT NARS Benefits: Benefits: Benefits:

Cost Cost Full package Mng! RBF?
Year (US$ '000) (US$ '000) (US$ '000) (US$ '000) (US$ '000)
1974 45.6 4.56 0 0 0
1975 45.6 4.56 0 0 0
1976 45.6 4.56 0 0 0
1977 45.6 4.56 0 0 0
1978 45.6 4.56 0 0 0
1979 45.6 4.56 0 0 0
1980 45.6 4.56 0 0 0
1981 45.6 4.56 0 0 0
1982 45.6 4.56 0 0 0
1983 45.6 4.56 0 0 0
1984 45.6 4.56 0 0 0
1985 45.6 4.56 0 0 0
1986 24.0 4.56 0 0 0
1987 20.0 4.56 0 0 0
1988 20.0 4.56 0 0 0
1989 20.0 4.56 162.57 76.15 36.42
1990 10.0 4.56 460.62 215.75 103.19
1991 0.0 7.50 650.29 304.59 145.68
1992 0.0 7.50 1151.56 539.39 257.97
1993 0.0 7.50 1228.33 575.34 275.17
1994 0.0 7.50 1404.45 657.84 314.63
1995 0.0 7.50 1580.57 740.33 354.08
1996 0.0 7.50 1670.89 782.64 374.31
1997 0.0 7.50 1761.21 824.94 394.54
1998 0.0 7.50 1806.37 846.09 404.66
1999 0.0 7.50 1806.37 846.09 404.66
2000 0.0 7.50 1806.37 846.09 404.66
2001 0.0 0.00 1806.37 846.09 404.66
2002 0.0 0.00 1806.37 846.09 404.66
2003 0.0 0.00 1806.37 846.09 404.66
2004 0.0 0.00 1806.37 846.09 404.66
2005 0.0 0.00 1806.37 846.09 404.66
Internal rate of return, IRR (%) 25.26 19.15 13.50
Net present value (US$ '000) 3452.94 1389.06 453.45
Benefit-cost ratio 9.37 4.39 2.10

1. Mng = management practices only. 2. RBF = raised-medfarrow only.
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information from the research and technology transfergpam on GPT was estimated
to be US$ 3.45 million. The benefit-cost ratio was 9.37johhmeans that every US$ 1
invested in developing and disseminating GPT producedvanage benefit of US$ 9.37
throughout the period.

When only management practices (including RBF, nutrimanagement, plant protec-
tion measures, etc.) were adopted, the internal ratetafn (IRR) was 19.15%. The net
present value was about US$ 1.4 million with a benefit-casito of 4.39. The rate of
return was low (13.5%) when RBF alone was compared withfldtemethod of cultiva-
tion. This shows high complementarity between differennagement practices, espe-
cially with RBF. These results confirm farmers' perdeps that RBF yields higher re-
turns if adopted along with other technology componenngjuding improved varieties.
The IRR under farmers' partial adoption level was 21.1%e9de results clearly re-
veal that the research and technology transfer investment& P T package yielded
positive returns. It was noted that even when the composv@ehGP T were partially
adopted, the research and technology transfer investsnerere justified.

Since the research and technology transfer costs inclyelCRISAT, NARS, and the

State Departments of Agriculture were not actual figueEnsitivity analysis was carried
out by enhancing these cost estimates by 10 and 20%. Thisresuealed that the IRR
is rather insensitive to changes in costs of research aalnblogy transfer (Figure 13).
Assuming that the cost of research and technology tramséeeases by 20%, the rate of
return is lowered by about 6% (from 25.26 to 23.76%) if tak GPT package was

adopted. In another case, when only management practices agopted, an increase of
20% in research and technology transfer cost lowered tlR bR about 7% (from 19.15

to 18.40%). This shows that even under the severe assumpftigaising the cost of

research and technology transfer by 20%, the IRR did natifsigntly change. Sensitiv-

ity analysis was also done by increasing the NARS researshlby 10 and 20% as correct
information was not available. It was observed that theas no significant decline in the
internal rate ofreturn as the research cost increased By. Zhe rate of return declined
from 25.26% to 25.11% in the case of the full package; frbdnl5 to 19.00% for man-

agement practices; and 13.5 to 13.34% for RBF.

It was stated earlier that a number of farmers were unawétbeodifferent compo-
nents of the technology. Extension efforts may play an imamot role in populariz-
ing the technology. It was therefore assumed that if theestment in technology
transfer of GPT increased by 25%, shifting the ceiling lenee 50%, the additional
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Figure 13. Internal rate ofreturn (IRR) with change in groundnut production

technology (GPT) research and technology transfer cost.

gains were estimated to be about US$ 270 260. If the celbBugl further increases
to 60%, the additional gains were estimated to be US$ 440 TB0s would support
the investment on technology transfer of GPT, which inntincreases its popularity
among farmers.

The distribution of welfare gains between farmers andscomers is shown in Figure 14.
The distribution of economic surplus to producers andswoners clearly showed that
producers were the primary beneficiaries of the GHRheir share in the total gain was
about 84%. This calls for increased adoption ofthe imptbtechnology by a wide range
of farmers.
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Figure 14. Groundnut production technology (GPT) and distibution of

welfare gains.

Summary and conclusions

Earlier studies measuring returns to investment in agtcal research and technology
transfer were mostly restricted to genetic enhancemenianbus commodities. Adop-

tion assessment and evaluation of returns to investm@ntrop and resource manage-
ment research were practically ignored., although thé&sa afresearch shares a significant
proportion of total research investments. To justifyufet financial support on a sustain-
able basis, it is important to continuously monitor andleate the impact of research

investment in this area.

This study is concerned with (a) adoption tracking of ddfdg crop and resource man-
agement options; and (b) estimation of research costeaatuation of research benefits.
A specific case, the groundnut production technology (®PwWas taken for the study.
GPT is an integrated technology package put togeth¢€CRISAT based on a review of
all the available information, and after carefully idéyihg the constraints in major
groundnut-producing regions. Important componentstheef GPT are grouped as: (i)
land management: making RBF for groundnut cultivatiai), rhacro- and micro-nutri-
ent management, (iii) improved varieties, (iv) insedisease, and weed management;
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and (v) water management. The technology was initiallyetttsn eight states of India,
but it was found mainly suited to Maharashtra state. 355 dasmin Maharashtra were
randomly selected for the study following a multi-stagetsfied random sampling tech-
nique. Relevant information was collected from the sedd farmers using a structured
guestionnaire; interviews were conducted between lated4 128 mid-1995 to track the
adoption of different GPT components.

To quantify the returns to investment on research and tdolgy transfer, three aspects
were examined: (i) adoption rates and the spread of diitecomponents of GPT, (ii)
research and technology transfer cost, and (iii) benéfois the research and technology
transfer program. Logistic growth functions were estiethto describe the rate of adop-
tion of each component ofthe GPT. Economic surplus antfidigion of welfare gains
due to investment in the research and technology transtgram were estimated by
assuming a parallel shift in supply function. Internatess of return, net present values
and benefit-cost ratios were computed under threeoogti (i) full adoption of the GPT
package, (i) adoption of only management practices, @ijdadoption of only RBF with
other practices remaining the same. Sensitivity analysis also carried out under vari-
ous assumptions related to changes in research and tegyntbnsfer investment.

The study found that farmers partially adopted the cohadprop and resource man-
agement research products, and modified the technologiorop according to their
needs, convenience, and resource endowments. Diffateadioption of various compo-
nents of the technology was observed. About 31% of the samsmason groundnut in
the study area was assessed under RBF. The adoption ratespimved varieties was
about 84% and for single super phosphate was about 70%médfarwho cultivated
groundnut on RBFs also adopted ICRISAT groundnut vasein about 65% of the
groundnut area. In contrast, those who did not adopt thd REthod, had sown
ICRISAT varieties on less than 10% of the groundnut areaps@y and seed dressing
are becoming popular and their adoption reached slightbhv@ab#0%. The use of ferrous
sulphate and sprinkler irrigation were in the early stageadoption. It was noted that
the adoption of different components was associated l\amgeh the RBF method, with
adoption of all components being significantly highercarg those who had adopted this
method. The probability of adopting the RBF was high whermé&as had access to
technology-generating and technology-transfer systefailability of appropriate im-
plements, capital, and irrigation also determined thepéiodm of the RBF technology
option.
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At farm level, benefits were realized in terms ofyieldrgai(38%), higher income (71%),

and efficient utilization ofinputs. Benefits related tergler and sustainability issues were
also realized by farmers who adopted components of the .GIFhe technology helped

generate employment and improve labor productivity. TEhemere also some positive

implications for gender and sustainability issues.

At an aggregate level, the benefits from the GPT were highan the costs in terms of
investment on research, packaging, and technology trangfee IRR on GPT was
25.26% if the total package was adopted. It was 19.15% wdmdy management prac-
tices, including RBF, nutrients, etc., were adopted. TRR ivas only 13.5% ifonly RBF
was practiced. The distribution of economic surplus todpmers and consumers
showed that producers were the primary beneficiarieh®f@P T, sharing about 84% of
the total benefits.

The following conclusions may be made on the basis of trevaldiscussion:

Partial and modified adoption. Different components of the GPT were partially
adopted and modified by farmers. A key component, i.ee, RBF method of cultiva-
tion, was becoming popular amongst farmers. The leveldop&on of improved varie-
ties and use of macro- and micro-nutrients was impressi@gher components, espe-
cially the sprinkler method of irrigation and use of fars sulphate, need better market
access for their adoption. The Government ofIndia isaalyeextending a subsidy (ranging
between 25-50%) on purchase of sprinkler sets. ltxjgeeted that in years to come the
sprinkler method of irrigation will be more popular andidely adopted.

Positive on-farm benefits.Adoption of the technology had a positive impact in terms
of higher grain yield and income, better grain prices, sgwfimportant inputs, includ-
ing irrigation and labor (particularly for the female tabforce) for some tedious opera-
tions. The technology generates employment and also ivesréabor productivity. The
GPT has significant implications for issues related todprnand sustainability.

Modest economic surplus.Investment on research and extension on GPT, studied
under different options, revealed that it was paying nstdeividends. It generated a
surplus for consumers and producers, with the latter béwegprimary beneficiaries.

Research on developing appropriate implementsin view of the high cost of the
implements available to make RBFs, it is important to cdle resources for the design of
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cost-effective technology which suits the farmers' regoents. There is a need for a
well-designed suitable implements that will facilita#asy maintenance of the RBFs.

Need for technology dissemination Additional investment in technology transfer ac-
tivities of GPT will be rewarding, particularly in the Vestl region. It is necessary to
conduct large-scale demonstrations and give wide maslianmverage. This should be
done after the technology transfer target areas have bamefulty identified.

Follow-up action. It was observed that there was no follow-up activity ba GPT after
the LEGOFTEN program concluded in all regions except &takhtra state. There is a
need to follow up GPT dissemination in areas where the tdobg yields better results.

Identify constraints. It would be worth assessing constraints to adoption démint
components ofthe GPT, particularly of RBF, to proposeappropriate strategy for the
wide-scale adoption of the technology. Such a studyccoeveal whether adoption was
limited by lack of necessary inputs and implements or by wWrong choice of target
regions.
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